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Summary:

Dissolution of rare earth elements from bastnasite ore was studied using
different leaching agents such as sulfuric acid, hydrochloric acid, acetic
acid, citric acid and sodium hydroxide at 70°C, with 1mol/L, solid/liquid
ratio of 0.05 between 30 and 180 min. The one-step direct leaching
strateqy was applied under atmospheric pressure aiming at selective
leaching of rare earth elements from a matrix of iron oxides in which the
rare earth elements — carbonates & flourides — are embedded.

Key words: rare earth elements, hydrometallurgy, bastnasite, acids.

Introduction

Rare earth elements are a group of metallic elements of the periodic
table, often overlooked, but very significant in today’s industrial
landscape and modern lifestyle. Like other metals, rare earths are
silvery-gray, malleable, ductile, and they conduct electricity.

ACKNOWLEDGMENTS: The research leading to these results has received funding from
the European Community’s Seventh Framework Programme (Call identifier FP7-NMP-
2012-LARGE-6) under grant agreement n°309373. This publication reflects only the
author's view, exempting the Community from any liability. Project website:
www.eurare.eu. We would like to thank FEN Minerals, Norway, for sending their Rodberg
sample and for their discussion in our experimental work. Especially, | would like to thank
Maria Jose Gallego for the participation in the experimental work and the discussion of
the results.
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They appear in nature in the form of oxides and other compounds,
but with one particularity — the chemical similarity between all of them is
so astounding that they all occur together in their bearing minerals,
substituting one another at the molecular level (Gupta & Krishnamurthy,
2005), (Castor & Hedrick, 2006, pp.769-772).

Development of new advanced materials based on oxidic powders is
of high importance for different applications in modern life (Kuburovi¢ et
al, 2018, pp.771-835).

Bastnasite (La,Ce)COsF is a fluororcarbonate of the cerium group
found in ore deposits, metamorphic zones and pegmatites. In average, it
contains 70% rare earth oxides, most of them belonging to the light
fraction and in particular lanthanum, cerium and neodymium (Stopi¢ &
Friedrich, pp.757-770). A sulfuric acid leaching process was studied for
the processing of roasted ore of Dechang bastnasite in Sichuan, China,
in order to obtain rare earth elements (Feng et al, 2013, pp.849-854).
With a particle size of 0.074-0.100mm, 1.5mol/L sulfuric acid
concentration, a liquid to solid mass ratio of 8 and a stirring speed of
500rpm, the reaction rate of the leaching process can be controlled by
diffusion through the product/ash layer, as described by the shrinking-
core model, and the calculated activation energy of 9.97, which is typical
for a diffusion controlled process.

The main equations ruling dissolution in sulfuric acid are described
as:

2REFCO; + 3H,SO; — RE»(SO,); + 2HF + 2H,CO; (1)
CaCO; + H,SO; — CaSO, + HCO;3 (2)
Fe;03 + 3H,S0, — Fey(SOq); + 3H,0 (3)
MnO + H,SO; — MnSO, + H,O (4)

The aim of this work is to compare the leaching efficiency of different
leaching agents such as sulfuric acid, hydrochloric acid, acetic acid, citric
acid and sodium hydroxide at 70°C, using 1mol/L, solid/liquid ratio of
0.05 between 30 and 180 min in order to recover rare earth elements.
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Experimental work, material, parameters and
procedure

The Rodberg ore sample used in these trials was analyzed and the
results are given in Table 1 and Figure 1. The amount of iron of about
10.63 was smaller in comparison to the one of 73.1 % mentioned in our
previous work (Stopic & Friedrich, 2018, 757-770), where the RE-content
seems to be fairly lower than in the representative Rodberg samples.

Table 1 — Chemical composition of the “Rodberg bastnasite ore” sample
Tabnuua 1 — Xumuyeckutll cocmae obpa3sua «Podbepeckull bacmHe3um — MuHepar,
codepxawuti, pmopkapboHam»

Tabena 1 — Xemujcku cacmae y3opka ,,Po0bepe pyda koje cadpxe ¢hriyopokapboHamHuU

MuHepan”
Element || Fe Ca Mg Mn La Ce Nd Sm |Y Th
(%) 10.63 |[15.15 [4.28 |1.50 [|0.22 |0.43 |0.18 |0.025|0.0124|[0.057

100 ——
90

< 80
W 70 //
é 60
o 50
§ 40
2 30
3 20
10

0 | o«
pan 0,125 02 0,32 0,355 045 063 09 125
sieve opening (mm)

Figure 1 — Patrticle size distribution of the Rodberg ore
Puc. 1 — PacnpedeneHue senu4uHbl Yacmuy, «Podbepackol pyobi»
Cnuka 1 — Pacnodena senu4uHe Yecmuuya pyode ,,Podbepa”

243

Stopi¢, S. et al, Leaching of rare earth elements from bastnasite ore (second part), pp.241-254



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2019, Vol. 67, Issue 2

Table 2 — Leaching trial design with sulfuric-, hydrochloric-, acetic and citric acid and
sodium hydroxide
Tabnuya 2 — Pa3pabomka npobHo20 8biwjeniayueaHusi ¢ UCrosb308aHUemM cepHoU,
cossiHOU, yKCycHOU U IUMOHHOU Kuc/iom u 2udpokcuda Hampusi
Tabena 2 — lnaH ekcriepumeHama nyxeHa CyMrnopHOM, X/Iopo80OOHUYHOM, cuphemHom
U JTUMYHCKOM KUCEITUHOM U HampujyM-XxuopoKcudom

Parameter set value

Concentration (mol/L) | 1 (0.5)
Temperature (°C) 70

Solid-liquid ratio (g/L) | 50

Time(min) 30, 60, 120, 180
Stirring rate (rpm) 300

A sample of the Rodberg ore was submitted to a series of
preliminary trials where the leaching parameters were kept constant in all
experiments and only the leaching agent was changed. The aim of these
experiments was to obtain information about the general behavior of the
Rodberg ore under acid and alkali attacks, and to choose a route for
further experimentation. The desired leaching agent should not dissolve
much of the iron oxide matrix and should attack the carbonate rare earth
bearing minerals instead. However, this means that the non-rare earth
bearing carbonates present in the ore will almost inevitably dissolve as
well.

As well as the standard mineral acids, sulfuric and hydrochloric acid,
and the base sodium hydroxide, two organic acids, acetic and anhydrous
citric acid, were used as leaching reagents. The purpose of the organic
acid trials was to investigate whether or not calcium carbonate and
ankerite (a carbonate of iron, magnesium and manganese), which add up
to 17% of the ore, could be selectively leached from the ore in the first
leaching step. This would allow for the removal of most of the ore’s
impurities. The second step involving strong mineral acid leaching could
then be performed to recover the rare earth elements in a solution of
higher purity.

The experiments were carried out in a laboratory fume cabinet, as
shown in Figure 2. A 2L beaker was placed on top of a heating induction
plate and filled with one liter of the previously prepared diluted acid or
reagent. A temperature measuring device was connected to the induction
plate for adequate temperature control. The temperature was set at
70°C. The stirring equipment was fixed to a clamp above the beaker and
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connected at a speed of 300rpm. Rod stirrers were used instead of
magnetic stirrers because of the magnetic nature of the ore.

Where: 1. Beaker containing Rodberg ore + leaching agent, 2. Thermocouple,
3. Stirrer, 4. Cover, 5. Heating plate, 6. Security chain, 7. Pipe connected with a
vacuum pump, 8. Glass container, 9. Ceramic filtering cone, 10. Fine filtering
paper, 11. Vacuum filtering mashine, 12. Rubber adapter.

Figure 2 — Equipment for leaching and filtration
Puc. 2 — O6opydosaHue 01151 8biujenaqyueaHusi u chunbmpauyuu
Cnuka 2 — Anapamypa 3a nyxere u chunmpayujy

After reaching the desired temperature, the weighed 50g of the
Rodberg ore were added, and the stop watch started. A cover was
placed over the beaker to avoid excessive evaporation. The samples
were taken from the leaching mixture by means of a syringe at several
intervals: 30, 60, 120 and 180 min.

The taken samples were filtered using the previously weighed fine
filter papers and the leachate was collected in the test tubes. Each
sample gave about 40ml. The used filter papers were then placed over a
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vacuum filtering machine were they were neutralized with distilled
water before being introduced into a drying cabin at 105°C for three
hours.

After the 3h sample was taken, the stirrer and heating plate were
disconnected and the beaker content was filtered using the above
mentioned filtering machine. The filtrate was collected in a bottle and the
neutralizing of the solid residue and the filter was carried out before
drying in the same conditions as for the rest of the samples. After the
drying time had elapsed, the solid residue was weighed and the results
were noted down.

Results and discussion

The summarized results are presented in Tables 3 and 4 and
Figures 3 to 6.

Table 3 — Amount of the solid residue after leaching
Tabnuuya 3 — Konuyecmeo meepdo20 ocmamka rnocrie ebiujenaqyugaHusi
Tabena 3 — MI3HOC ygpcmoea ocmamka HakoH JyXXeHa

-ll\—lrclaal leaching agent net mass of solid residue (g) | mass dissolved (%)
1 sulphuric acid 33.798 32.404

2 hydrocholric acid 9.475 81.050

3 acetic acid 290.257 41.486

4 anhydrous citric acid | 12.898 74.205

5 sodium hydroxide 49.635 0.730
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Figure 3 — Trial No1: Dissolution of rare earths and impurities during leaching with
sulphuric acid
Puc. 3 — SkenepumeHm Ne1: PacmeopeHue pedKko3emMeribHbIX 31eMeHmos u npumecel
fpu eblwenaqyueaHuu cepHol Kucrnomou

Cnuka 3 — EkcriepumeHm 6p. 1: Pacmeapare efleMeHama pemkux 3emasba u
He4ucmoha 3a epeme yxeHa CYyMIOPHOM KUCETUHOM

After a few hours from the leaching operation with sulfuric acid, a
fine, white precipitate appeared at the bottom of test tubes and the bottle.
The samples where re-filtered and the white precipitate was sent for

analysis. The results are shown in Table 4.

Table 4 — Chemical composition of the precipitate produced in H.SO4 leaching
Tabnuya 4 — Xumudeckuli cocmae ocadka, obpa3sytouje2ocs npu ebiujenadueaHuu

H>SO4
Tabena 4 — Xemujcku cacmas npeyunumama 0obujeHo2 pacmeapar-em CyMIOPHOM
KucenuHom
Ca Ce La Nd Pr Sm Gd Tb Y
Element || Fe (ppm) (%) | (ppm) | (PPm) | (PPM) | (PPM) | (PPM) | (PPM) | (PPM) | (PPM)
11/ <1
Amount [[ (inhomogeneous) | 29,7 | 600 302 146 <1 <1 <1 <1 <1

As shown in Fig. 4,
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leaching with hydrochloric acid had higher
leaching efficiency in comparison to that with sulfuric acid.
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Figure 4 — Trial No 2: Dissolution of rare earths and impurities during leaching with
hydrochloric acid
Puc. 4 — SkenepumeHm Ne 2: PacmeopeHue pedko3emMeribHbIX 3/1eMeHmos U rpumecel
fpu eblwenaqyueaHuu consHol Kuciomou
Crniuka 4 — EkcriepumeHm 6p. 2: Pacmeapare efleMeHama pemkux 3emasba u
He4ucmoha 3a epeme ryxera XsIopo80OOHUYHOM KUCETUHOM

The chemical reactions ruling carbonate and fluoride dissolution are
described as:

RE>(CO3); + 6 HCl — 2 RECI3 + 3 H,O + 3 CO:; (5)
REF; + HCl — RECI; + 3 HF (6)

Leaching with organic acids was performed using acetic and citric
acid, as shown in Figs. 5 and 6.

The results show that the extraction of rare earth elements was
higher with mineral acids than with organic acids. Sulfuric acid dissolved
46%REE after 3 hours while hydrochloric acid dissolved 48%. However,
the dissolution of large quantities of iron took place in parallel, 76% in the
case of sulfuric acid and 67% in the case of hydrochloric acid.
Hydrochloric acid also dissolved the totality of calcium present in the ore
(an error in the chemical analysis or inhomogeneity of the ore gives a
percentage superior to 100). Indeed, the rare earth acid carbonate
minerals seem to be more resistant to acid attack than the other gangue
carbonate minerals. In the sulfuric acid leachate, the dissolution values of
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calcium are much lower due to the removal of the white precipitate,
identified as calcium sulfate or gypsum (CaSOQO,). The precipitate also
contains small quantities of rare earth elements that have been absorbed
in its crystals, namely 13.9% of cerium, 13.7% of lanthanum and 8.1% of

neodymium.

100
80
- 60
I,
= 0 il _mulll el
= avera
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m % dissolved after 1h| 9,82 (10,88| 8,32 | 17,88(28,00/14,99/19,00/51,08
m %dissolved after 3h {14,18/15,67(12,11|25,71(36,00/20,83|19,94|74,98

Figure 5 — Trial No 3: Dissolution of rare earths and impurities during leaching with acetic
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Puc. 5 — OkcnepumeHm Ne 3: PacmeopeHue pedko3eMeribHbIX 3/1eMeHmos U ripumecell
npu sblWenaqyugaHuu yKcycHol Kucriomou

Cniuka 5 — EkcriepumeHnm 6p. 3: Pacmeapar-e erlemMeHama pemkux 3emarba u
He4ucmoha 3a epeme rnyxera cuphemHoMm KucesuHoM
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Figure 6— Trial No 4: Dissolution of rare earths and impurities during leaching with citric
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cid

Puc. 6 — OkcnepumeHm Ne 4: PacmeopeHue pedko3eMeribHbIX 3/1eMeHMOo8 U ripumecel
npu sbiwenaqyugaHuU JIUMOHHOU Kucriomou
Crniuka 6 — EkcriepumeHm 6p. 4: Pacmeapare efleMeHama pemkux 3emarba u

He4ucmoha 3a epeme ryxera JIUMYyHCKOM KUCETUHOM
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The amount of solid residue left in sulfuric acid leaching is also
inferior to that of hydrochloric acid (32% versus 81%), although different
minerals, including iron oxide, are dissolved to a similar degree. There is
a possibility that a part of gypsum is precipitating too during the leaching
operation with sulfuric acid, and is collected together with the solid
residue counted as undissolved material.

The organic acids failed to remove the carbonate gangue minerals
without dissolving the rare earth carbonate minerals. Acetic acid leached
an average of 21%REE together with 20% of iron and 75% of calcium
after 3 hours. Citric acid left most rare earths untouched, but dissolved a
great quantity of the gangue minerals containing iron and calcium. The
likeliness of a selective leaching of gangue carbonates with organic acids
was overall not encouraging.

As to the base NaOH, the total mass of ore dissolved, lower than
1%, already pointed toward little rare earth recovery.Fe dissolved in
0.03% and 0.02% after 1 and 3 hours, respectively. Calcium dissolved in
0.28% and 0.13%. All rare earths dissolved to give less than 1mg/l in the
solution.
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S 70
3 60
= 50
40
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0

aver

La | Ce | Nd | Sm Y age | Fe | Ca
REE

W% dissolved after 30min|12,36|13,26/10,47|18,29|23,39|15,55|36,12(79,99

m % dissolved after 1h 11,82(12,23| 9,34 (15,92/20,81|14,02(38,56(80,25

% dissolved after 2h 11,09(11,12| 8,22 (13,22/18,39|12,41|36,68(82,76

m% dissolved after 3h  |{10,27| 9,40 | 6,51 | 9,96 |16,13/10,45|34,42(82,50

Figure 7 — Leaching in hydrochloric acid (0.5mol/L) - Dissolution of rare earths and
impurities
Puc. 7 — BbiwenadusaHue 8 consiHol kucriome (0,5 morns/r1). PacmeopeHue
pedKo3eMerbHbIX arieMeHmos u ripumeceli
Cnuka 7 — Jlyxere xrnopogodoHu4yHom KucenuHom (0,5 mol/L)— pacmeapar-e
efleMeHama pemkux 3emasba U Heyucmoha
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In an additional leaching experiment, a possibility of selective
leaching was attempted with a lower concentration of hydrochloric acid of
0.5mol/L, leaving the rest of the parameters as previously determined.
The results are shown in Figure 7.

A peculiarity of this hydrochloric acid trial is that all rare earths give
larger values of dissolution after 30 minutes of leaching and the lapse of
time reduces their quantity in the leachate. This does not happen with
iron and calcium, which reach maximum dissolution levels after 1 and 2
hours, respectively. After 30 minutes, an important quantity of calcium,
80%, was leached, versus 16%REE, 10% in the case of neodymium. The
amount of iron present in the leachate was 36%.

When comparing the trial No1 done with 1M HCI and this extra trial
where the concentration has been halved to 0.5M, it can be concluded
that the dissolution of rare earths has decreased drastically in 78.21%.
Calcium remained with high dissolution rates, decreasing only in 17.50%
in respect to the 1M trial, while iron was 48.75% less dissolved. This
means that reducing the acid concentration was more selective toward
dissolving the gangue calcium based minerals and not the rare earth
bearing minerals. Reducing the concentration further, and varying other
parameters, for instance leaching at lower temperatures, with higher solid
to liquid ratios and longer times, could give more accurate results, and
the possibility of a two-step leaching process.

Figure 8 — Leachates and their corresponding solid residues
Puc. 8 — lNony4yeHHble pacmeopb! U coomeemcmeyrujue meepdbie ocmamku
Cnuka 8 — [JobujeHu pacmeopu u kuma odzoeapajyhu yepcmu ocmauyu
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Conclusion

The dissolution of rare earth elements from bastnasite ore was
performed using different leaching agents such as sulfuric acid,
hydrochloric acid, acetic acid, citric acid and sodium hydroxide at 70°C,
using 1mol/L, solid/liquid ratio of 0.05 with duration between 30 and 180
min. The maximal leaching efficiency was about 48% under the above
mentioned conditions using hydrochloric acid and sulfuric acid in contrast
to 20 % obtained using acetic and citric acid. A decrease in the
concentration of hydrochloric acid from 1.0 to 0.5mol/L leads to a
decrease in the leaching efficiency to 11%.

In order to increase the leaching efficiency of rare earth elements,
an additional study of the increased concentration and higher pressure
and temperature in an autoclave will be performed. The minimal leaching
efficiency was obtained using sodium hydroxide for dissolution of rare
earth elements from a bastnasite ore. Higher dissolution of iron and
calcium under the above mentioned conditions is a serious problem for
the leaching process selectivity.
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BbILWENAYNBAHWME PEOKO3EMEJIbHLIX 3NEMEHTOB 13
NnorPOa, COOEPXALWMX dTOPKAPBEOHATBLI — BTOPAA YACTb

Cpeuko P. Ctonny, bepHd I'. dpugpux

TexHn4eckuin yHnBepcuTeT ropoaa AxeH,

MHCTUTYT meTannyprmyecknx npoLeccoB U peunKnMpoBaHnus MeTarnsos,
AxeH, PepepatmBHan Pecnybnuka NepmaHus

PYBPWKW: 61.13.21 Xumunyeckne npouecchbl
B CTATbW: opurmHanbHasa HayyYHas ctatbsl
A3bIK CTATbW: aHrnunckmn

Pe3stome:

lpu uccnedosaHuu npouecca pacmeopeHuUsi PeOKO3eMEbHbIX PYOHbIX
rnopod, codepxawux gpmopkapboHam MPUMEHSIUCL pPa3fiuyHble 8Udhbl
eblljeriaqueaHusi: cepHol Kucriomod, COMssHoU Kucsriomod, YKcyCHou
Kucriomol, nUMOHHOU Kucriomol U 2udpokcudoMm Hampus, pu
memnepamype 70° C, KoHuyeHmpauusi: 1 Mornb / 7l COOMHOWEHUE
meepdocmb/xudkocmb: 0,05, 8 npomexymke epemeHu om 30 do 180
muHym. OOHocmaduliHoe ebiwjenaqueaHue Mpoeodusiocb C  UEesbio
CEJIEKMUBHO20 8biljesiaqyusaHusi pedKo3eMerbHbIX 31eMeHmMos, 8 sude
gpmopudoes u xropudos, Haxo0sAWUXCS 8 Mampuue okcuda xxeresa.

Kntouesnle criosa: pedKko3emeribHble areMeHMbI, 2udpomemariypaus,
gpmopkapboHam, cepHas Kucrioma.

PACTBAPAHE EJIEMEHATA PETKNX SEMAJBA 13 PYOA KOJE
CAOPXE ®JTYOPOKAPBEOHATHW MUHEPAI (OPYTW OEO)
Cpehko P. Ctonuh, bepHd . pugpmx

TexHuukn yHusepsunTeT y AxeHy, IHCTUTYT 3a npouecHy meTanyprujy un
peuvknupane metana, AxeH, CasesHa Penybnuka Hemauka

OBJIACT: xemujcke TexHonoruje
BPCTAUJIAHKA: opurnuHanHun HayyHu pag,
JESNK YJTAHKA: eHrnecku

Caxemak:

Pacmeapar-e eneMeHama pemkux 3emasrba U3 pyda Koje cadpxe
riyopokapboHamHU MuHepars poyYyasaHo je KopuwhersemM pasHux
peaceHaca 3a fyXere, Kao Wmo Cy CyMIOPHa, X/0po80OOHUYHA,
cuphemHa U  JfUMyHCKa  KuceqluHa U HampujymMxudpokcuo,
KoHUyeHmpauuje 1mol/L, Ha 70°C y epemeHy 00 30 0o 120 muHyma u
o0Hocom Yepcmo/meyHo 00 0,05. [JupeKkmHO ryere y jeOHOM KOopaKy
u3BoheHO je ca UurbeM ceriekmugHo2 JyKeHa efleMeHama PemKux
3emarba y 0bruky ¢ryopuda u xsiopuda, Koju cy 3apobrbeHU y Mampuyu
2soxhe okcuda.

KrbyuyHe pedu: enemeHmu pemkux 3emarba, Xxudpomemarnypeauja,
¢priyopokapboHamHu MuHepar, CyMrnopHa KucesuHa.
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Summary:

Low pressure of inert gas in the vacuum chamber significantly affects the
transfer of plasma particle velocity onto powder patrticles, residence time
of powder particles in plasma and the kinetic energy of molten patrticles
before the collision with the substrate. In addition to low pressure of inert
gas in the vacuum chamber, the size and mass density of powder
particles, together with plasma arc power, have the biggest impact on the
average velocity of powder particles. To measure the velocity of powder
particles in the vacuum chamber at low pressure, a laser speedometer is
applied.The average velocity of molten powder particles V=s/t is
calculated when the length of the path of powder particles that pass
between two focus distances of the laser beam is divided by the time of
particle passage between the two focuses. Measurements are done for
vacuum chamber pressure, the values of which are usually from 6.7 to 80
kPa. The paper describes the relationship between the average velocity of
AlbO; and W powder particles and the vacuum chamber pressure,
granulate distribution, mass density and plasma arc power. It was found
that, for powder of lower mass density, the average velocity of particles
can increase for 200 m/s with a decrease in chamber pressure.The effect
of pressure on W patrticles of larger mass density is lower but still
important, because a decrease in pressure increases the average velocity
of particles up to 50%. Reducing plasma arc power reduces the maximum
velocity of both types of powder particles.

Keywords: VPS, plasma arc power, velocity of powder particles.
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Introduction

The velocity of powder particles is an important variable size of the
VPS process which affects particle melting, coating density and cohesive
/ adhesion strength. When comparing powder deposition at atmospheric
pressure with deposition in the environment with reduced pressure, for
given arc power and arc gas flow, velocities of plasma particles and
powder particles are higher at low pressure than those obtained at
atmospheric pressure (Smith & Dykhuizen, 1988, pp.25-31), (Smith et al,
2011, pp.117-132), (Mrdak, 2018, pp.415-430). Pressure in the vacuum
chamber is only one of the variable parameters that affect the velocity of
the plasma jet and the velocity of powder particles. The average velocity
of powder particles is influenced by several influential variable process
values such as: powder mass flow, powder particle size, powder mass
density, pressure in the vacuum chamber, plasma arc power, electrode
geometry, arc gas flow rate, and plasma gas composition. In order to
examine the influence of the process parameters on the velocity of
powder particles in the vacuum plasma system applying a laser
speedometer, it was found that there is a significant relationship between
the velocity of particles and the process parameters such as powder
particle size, particle mass density, pressure in the chamber, plasma arc
power, and electrode geometry. The laser speedometer method is based
on measuring lap times of individual powder particles passing between
two highly focused laser beams along the plasma axis (Young et al,
2000, pp.788-792). After the average lap time of molten powder particles
is determined, the average particle velocity is calculated based on the
known distance between two focal volumes of two laser beams. Two-
Focus (L2F) laser with the optical head Polytec model L2F-0-4000 and
the signal processor L2F-S-100 is used for measurements (Smith, 1988,
pp.77-85), (Mauer et al, 2013, pp.892-900). Within the range of the test
conditions, the velocity of powder particles is relatively insensitive to
changes in plasma gas velocity, gas composition, and powder flow rate.
Today, a large number of powders are deposited at atmospheric
pressure, but requests for high-quality coatings have led to the
development of powder deposition in the vacuum chamber, which is
maintained at a pressure of an inert gas, usually from 1.9 to 6.7 kPa
(Muehlberger, 1974, pp.245-256), (Hamatani et al, 2002, pp.79-92).
Empirical development of the vacuum deposition process parameters
has been successfully carried out for a large number of materials and
there are a lot published papers dealing with the fundamental nature of
the process of vacuum deposition. Due to the development of nano
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materials deposited in a vacuum using plasma, there is a need for further
fundamental research to improve the understanding of physics and
thermodynamics of this process. This simultaneously improves
equipment construction, coating quality, and reproducibility of coating
quality. The vacuum process is today widely used in medicine for the
preparation of implants on the basis of nanoparticles of Ti, Ta, and Nb
metals as well as organic reactive ceramic hydroxyapatite
Cao(PO4)s(OH;) and bio inert inorganic ceramics: Al,O3;, TiO,, ZrO,,
ZrO,Y,0;3 and Cr,O3; which have a wide range of applications for the
production of the most modern artificial hips and knees (Aebli et al, 2003,
pp.356-363), (Zhang et al, 2012, pp.724-728), (Ganvir et al, 2015,
pp.324-332), (Graziani et al, 2016, pp.356-363).

The aim of this study was to show and clarify the influence of the
variable values of the VPS process on the average velocity value of
powder particles in a vacuum. The paper describes the most important
parameters in a vacuum affecting the average velocity of Al,O; and W
particles for different powder granulations which differ significantly in their
mass densities and melting temperatures. Al,O; powder has a mass
density of 3.95 g/cm® and a melting temperature of 2072°C while W
powder has a mass density of 19.3 g/cm?® and a melting temperature of
3380°C. The difference in mass density values is large and is 15.35 g /
cm?® as well as the difference in melting temperatures which is equal to
1308 ° C. Based on the above, the paper clearly shows that the pressure
values of the vacuum chamber of 80 kPa, 40 kPa and 6.7 kPa
significantly affect the average velocity of powder particles of different
granulates and mass densities of powder particles because the pressure
in the chamber affects the output velocity and the plasma jet density.

The influence of the pressure in the vacuum chamber
on the velocity of powder particles depending on their
granulation and mass density

The optimal VPS parameters are determined for each powder taking
primarily into account the average patrticle size and shape, mass density,
and melting temperature. At low pressure, mutual friction between ions
and injected particles is necessary to occur for plasma particles to carry
powder particles with them. The interaction between ions and powder
particles initially accelerates powder particle velocity which increases
with the distance from the anode opening. The acceleration of powder
particles is directly proportional to the net force in the proper direction
and inversely proportional to the mass of particles a=F/m. The mass of a

257

Mrdak, M. Velocity of powder particles in plasma at low pressure, pp.255-269



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2019, Vol. 67, Issue 2

particle deposited depends on its size - volume, and its density mass on
the base material. Since each powder has a different particle size range,
it is necessary to compare powder particle velocities for all powder
granulate ranges. Al,O3; powder with three granulate distributions - 20-31
Mm, 44—63 uym and 53-74 um - has shown to be the most appropriate for
analyzing the influence of the particle size range on average particle
velocities in plasma. Average particle velocities are measured at several
points along the plasma axis in order to compare the velocity profiles for
all granulate distributions. The deposition parameters of one type of
powder are often used to estimate the parameters of another powder if
their mass densities are approximate. Powder mass densities often differ
even when other factors (such as particle size, particle morphology, and
melting point) are similar. In order to clarify the influence of powder mass
density on average powder particle velocities in plasma, the best is to
use W with the range of granulation of 44—74 ym whose velocity values
are comparable to those of average Al,O; particle velocities. Tungsten
and Al,O3 represent extremes in mass densities of materials which are
often deposited. The Al,O; powder density is 3.52 g/cm®, and the density
of W is 19.36 g/cm>. The pressure in the vacuum chamber significantly
affects the powder particles velocity because the pressure in the
chamber affects the output velocity and the density of the plasma jet. The
profiles of the average velocities for Al,O; and W powders were
analyzed in an Ar/He plasma jet of a power of 31 kW for the SG-100
plasma gun with the # 453 anode at the chamber pressure values of 80,
40 and 6.7 kPa. The powder particles exhibit different velocities
depending on granulation, powder types and distances (Smith, 1988,
pp.77-85), (Young et al, 2000, pp.788-792).

The comparisons of the average particle velocities of Al,Oz and W in
Figures 1, 2, and 3 show that the changes in the Al,O; particle granulate
and in the powder mass density may lead to significant differences in the
velocities of particles. At any vacuum chamber pressure, the increase of
particle size results in a steady relation with a reduced acceleration /
slowdown and lower maximum speeds of particles. The increase of the
size and mass of particles results in the increase of the projected area.
The mass increase tends to reduce the acceleration / deceleration rate
and to lower the maximum speed. Conversely, increasing the surface
area tends to increase the force of frontal resistance to particles, which
increases the acceleration / deceleration rate as well as the maximum
speed.
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Figure 1 — Average velocities of Al,O3 and W patrticles at a pressure of 80kPa
Puc. 1 — CpedHssa ckopocmb 4acmuy, Al,Oz u W nod dasneHuem 80KPa
Cnuka 1 — Cpedme 6p3uHe yecmuya Al,Oz u W npu npumucky 00 80 KPa
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Figure 2 — Average velocities of Al,O3 and W particles at a pressure of 40KPa
Puc. 2 — CpedHsia ckopocmb yacmuy, Al2O3 u W nod dasneHuem 40KPa
Cnuka 2 — Cpedre 6p3uHe yecmuya Al,Oz u W npu npumucky 00 40 KPa
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Figure 3 — Average velocities of Al,O3 and W particles at a pressure of 6.7 KPa
Puc. 3 — CpedHssa ckopocmb yacmuy, Al,O3 u W nod dasneHuem 6,7 Kpa
Cnuka 3 — Cpedme 6p3uHe yecmuya Al,Osz u W npu npumucky o0 6,7 KPa
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For a spherical particle or a molten droplet of the radius r, the mass
increases as r’, but the projected area increases only as . AlL,O;
particles are not spherical, but it is expected that the mass of particles
increases faster than the projected area. The impacts of the increasing
mass should prevail if the forces of resistance do not increase as a very
fast function of the projected surface. The experimental results confirm
that the increase in mass is the predominant factor for these three
dimensions of Al,O3; powder, Figures 1, 2 and 3. The same should apply
to other materials with a mass density greater than Al,O; (Smith, 1988,
pp.77-85), (Young et al, 2000, pp.788-792). Larger powder particles are
slower and their residence time in plasma is longer although the velocity
of plasma particles is higher compared to that of powder particles. The
result is a better transfer of heat energy to larger particles which require
more energy to be completely moltened. While this is clearly a desirable
trend, experience indicates that it is still very difficult to achieve uniform
melting of powder with a broad distribution of sizes. Figures 1, 2 and 3
show the results for the sizes 44-74 ym of the W powder. Based on the
above description, more massive tungsten particles show lower
acceleration / deceleration velocities and lower maximum velocities
compared to lighter Al,O3 particles of the similar size. If we compare all
the results at any given pressure in the vacuum chamber, there is a very
obvious progressive trend towards lower, more consistent velocities while
increasing the particle mass.

The influence of pressure in the vacuum chamber on
the average velocity of powder particles for a constant
range of granulates

The influence of changes in pressure in the vacuum chamber on the
average velocity of powder particles with a constant range of granulates
is shown in Figures 4, 5 and 6.

These results can be explained on the basis of changes in the
velocity and density of the plasma jet related to the pressure, as well as
on the basis of the density of the surrounding gas in the vacuum
chamber. The exit velocity of the plasma particles from the plasma gun is
approximately 1700 m/s at an operating pressure of 80 kPa, 2455 m/s, at
40 kPa, and 3300 m/s at 6.7 kPa.

260



w600
"‘E‘" 20—31 pm Al203
500
> 400 -
g —4—6.7K Pa
= 300
> —l—40 K Pa
@ 200 -
© \ —4+—80KPa
+ 100
3]
(a8
D J T T T 1
0 10 20 30 40
Distance from opening anode cm

Figure 4 — Average velocities of Al,O3 particles with a granulation of 20-31 um with the
change of pressure
Puc. 4 — CpedHsisi ckopocmb yacmuy, Al,O3 epaHynayuu 20-31 uym ¢ udMeHeHuem

dasneHust
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Figure 5 — Average velocities of Al,Oj3 particles with a granulation of 63-74 um with the
change of pressure
Puc. 5 — CpedHss ckopocms Yacmuy, Al,O3 epaHynayuu 63-74 um ¢ usmeHeHUem
OasrieHust
Cnuka 5 — Cpedr-e 6p3uHe Yyecmuuya Al,O3 epaHynayuje 63-74 um npu npomMeHu
npumucka
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Figure 6 — Average velocities of W particles with a granulation of 44-74 um with the
change of pressure
Puc. 6 — CpedHsa ckopocms yacmuy, W epanynayuu 44-74 um ¢ nepernadom dasreHus
Cnuka 6 — Cpedre 6p3uHe yecmuuya W epaHynayuje 44-74 um npu npoMeHu npumucka

This is in compliance with the results of the average velocities of
Al,O3 and W powder particles shown in Figures 4, 5 and 6, which show
progressively higher maximum powder particle velocity values as the
pressure in the chamber decreases (Smith, 1988, pp.77-85), (Young et
al, 2000, pp.788-792). Plasma density decreases with the decrease of
the pressure in the chamber. Higher plasma velocity in relation to powder
particles tends to increase the velocity of particles, but a plasma density
decrease has the opposite effect. Based on the net combined impact of
these opposing trends, the model predicts that the maximum acceleration
of particles occurs at a chamber pressure of 45 kPa.

The results shown in the figures support this prediction because the
particle velocity is at its highest at the first measuring point of 2.5 cm at a
pressure of 40 kPa. The influence of the resistance of the surrounding
gas in the vacuum chamber becomes more important with an increasing
distance from the nozzle outlet. At lower chamber pressures, the
resistance is lower to slow the plasma jet and depositing particles.

Therefore, as the chamber pressure decreases, the particle velocity
maxima are moving away from the anode opening and the particle
velocity decrease becomes more gradual. The dependence of the mass
is also visible in the figures. The same trends associated with the
pressure were observed for each of the three powders, but the changes
in the average velocity profiles are much bigger for lighter Al,O; particles.
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The influence of the plasma arc power and a nozzle
type on the average velocity of powder particles in the
vacuum chamber

The geometry of the nozzle — anode affects the exit velocity of the
plasma jet. Anode model # 453 has a divergent part at the nozzle exit
designed to produce supersonic flow of plasma at atmospheric pressure.
Anode model # 450 is similar to anode # 453 with the exception that
anode # 450 is constructed with a simple nozzle with a flat opening for
subsonic operation at atmospheric pressure. Although these anodes
were originally designed to operate at atmospheric pressure, both work
well at low pressure values in the chamber. Since the arc power is easy
to control and observe, it is an important variable in the process of
optimization of the conditions for depositing powders. The effect of the
plasma arc power on the average velocity of particles was investigated
by comparing the velocity profiles measured for the power values of 31
kW and 21 kW (Smith, 1988, pp.77-85), (Young et al, 2000, pp.788-792).
Figure 7 shows the influence of the plasma arc power on the average
velocity for fine Al,O3; powder particles with the particle size of 20-31um
and for coarse W powder particles with the granulation of 44-74 um,
injected through anode # 453 at a chamber pressure of 6.7 kPa.

£ 600 6.7 KPa 453 anode
£ 500 ‘/ﬂ\i’_.

2 400 ZLKW o 4—20-31um Al203
S

3 300 - —8-20-31um Al203
$ 200 - y;ﬁ’_y 44-74um W

(=)

=] 21 KW

= 100»4)/' —A4 - 74pm W
0

0 10 20 30 40
Distance from opening anode cm

Figure 7 — Influence of the plasma arc power on the average velocities of Al>O3 and W
particles at 6.7 KPa
Puc. 7 — Bosdelicmeue cusbl nna3meHHoU dyau Ha cpedHtot ckopocmb Yacmuy Al,Os u
W Ha 6.7 KPa
Cnuka 7 — Ymuuyaj cHaze rnna3meHoe riyka Ha cpedme 6p3uHe yecmuua AlOs u W Ha 6,7
KPa
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Figure 8 — Comparison of the average velocities of Al-O3 and W particles sprayed with
453 and 450 anodes at 6.7 KPa
Puc. 8 — CpasHeHue cpedHeli ckopocmu Yacmuy, Al,O3 u W ¢ aHoOHbIM crioem 453 u 450
Ha 6.7 KPa
Cnuka 8 — Komnapauyuja cpedrwe 6p3uHe yecmuuya Al,O3 u W HanpckaHux ca aHo0ama
453 u 450 Ha 6.7 KPa

Reducing the plasma arc power from 31 to 21 kW significantly
reduces the acceleration and the maximum velocity for both powder
types. The actual value of the maximum velocity reduction is higher for
Al,O3; powder and the relative change in velocity is roughly 20% for both
powders. These results show that changes in the plasma arc power can
significantly affect the velocity of powder particles, but it is clear that a
change of the plasma arc power of only 1 or 2 kW during depositing will
not have a significant impact (Smith, 1988, pp.77-85), (Young et al, 2000,
pp.788-792). Figure 8 shows the comparison of the average velocity
profiles for fine Al,O; powder with a particle size of 20-31 ym and for
coarse W powder particles with a granulation of 44-74 um, injected
through anodes # 453 and # 450 in a pressure chamber of 6.7 kPa.
Changing the anode resulted in the reduction of the maximum velocity of
about 10% for both powders. The results show that the anode change
can also affect the velocity of powder particles.

Different flow rates and gas compositions did not show any
significant effects on the velocity of particles within the range of the
conditions studied. This is very interesting because these variables can
have a significant effect on particle melting and the quality of the deposit.
Since most plasma systems are designed to maintain a constant power
supply to the plasma arc, it is emphasized that the experiments are
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carried out at constant plasma arc power values. The flow of arc gas and
the composition affect the relation of the current and the voltage of the
plasma gun. Therefore, changes in the flow rate or in the gas
composition will lead to changes in the arc power if the electric current
intensity is not adjusted. If the arc power is allowed to vary as a function
of the arc gas flow rate or its composition, the particle velocity will be
changed as well, as shown in Figure 7(Smith, 1988, pp.77-85), (Young et
al, 2000, pp.788-792).

Conclusion

The paper presents the influence of low pressure in the vacuum
chamber and the plasma arc power on the average velocities of Al,O3;
powder particles with different granulation as well as of W powder
particles of extreme mass density. Based on the above, the following has
been established.

For the same low pressure in the vacuum chamber, with increasing
Al,O3 granulation, the acceleration and the velocity of powder particles
progressively decrease to 200 m/s. Also, larger Al,O; particles are less
sensitive to the chamber pressure change from 6.7-80 MPa. Larger
powder particles are slower and their residence time in plasma is longer
even though the velocities of plasma particles are higher in comparison
to powder particles.

W particles of larger mass density are less susceptible to a change
in pressure in the vacuum chamber in relation to Al,O; particles.
However, even W particles show an increase in the average velocity of
powder particles of 50 m/s to 150 m/s with a reduction in pressure in the
chamber from 80 MPa to 6.7 MPa. At lower pressure in the chamber,
there is less resistance to slow plasma jet and particle deposition.
Therefore, when pressure in the chamber decreases, the maximum
particle velocities move away from the anode opening and particle
deceleration becomes more gradual.

With the decrease of arc power from 31 kW to 21 kW, it was noticed
that acceleration was reduced as well as the maximum particle velocity
for both powders. The actual value of the reduction of the maximum
velocity is higher for the powder of lower mass density (Al,O3;) and a
relative change in velocity for both powders is roughly 20%. The results
show that a change in the plasma arc power can significantly affect the
velocity of powder particles, but it is also clear that a change of plasma
arc power of only 1 or 2 kW during deposition will not have a
considerable impact.
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This article has shown that the change of pressure in the vacuum
chamber for Al,O3; and W powders can lead to a change in the average
velocity of powder particles with the plasma spray distance depending on
particle granulation distribution and the plasma arc power.
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CKOPOCTb YACTWL, MOPOLLKA B MNJIASME NMoa HA3KNM
OABIEHVEM

Muxauno P. Mpaak
LleHTp uccneposanuin n passutust A.O. «MMTEJ1 koMMmyHMKaLun»,
r. benrpag, Pecnybnuvka Cepbus

PYBPUKW: 61.13.21 XuMmunyeckne npouecchl
BWO CTATbW: opurmHansHas Hay4Has ctaTbs
A3bIK CTATBW: aHrnunckun

Pe3swome:

Huskoe daeneHue UHepmMHO20 2a3a 8 8aKyyMHOU Kamepe OKa3blsaem
3Ha4yumernbHoe 8030elicmeue Ha nepedady CKOPOCMU M/1a3MeHHbIX
yacmuy, Ha Yacmuubl rMopouwlKa, 8pemMsi HaxoX0eHUsl rNopoLUKa 8 rniasme
U KUHEMUYECKYIO 3HEpeUl0 pacrnaefieHHbIX 4Yacmuy 00 MOMeHma
COMPUKOCHOBEHUSI C 3aUyUMmHbIM crioeM. Ha cpedHio ckopocme Yacmuy,
MOpoWiKa, KPOME HU3KO20 OaefieHuUs UHEepMHO20 2a3a 8 8aKyyMHOU
Kamepe Haubornbwee go030elicmeue OKasblgaem  gesluyuHa U
MIOMHOCMb Yacmuy, ropowKa, a makxke cuna nnasmeHHol Oyau. [ns
U3MEPEHUsT CKOpocmu 4Yacmul, ropowka 6 eakyymHol Kamepe oo
HU3KUM OasrieHUeM UCMOb3YIMCs J1asepHbie uaMepumesiu cKopocmu.
CpedHsiss ckopocmb 4Yacmuy —pacrnaeneHHoeo rnopowka V = shi
paccyumsigeaemcsi, criedyrowumM obpasom: OnuHa nOymu Yacmuy
rnopowka, npowedwux mMexdy O8yMs 04Ya208bIMU PacCmMOSIHUSAMU
1a3epHo20 Jlyda Oenumcs Ha 6PeMs MPOXOXOeHUs] HYacmuy MexO0y
osyms ¢hokycamu. VamepeHue OaeneHusi rpou3sooumcsi 8 8aKyymHoU
Kamepe, ripu dasreHuu, Komopoe Yauje 8ceao npumeHsiemcsi: om 6,7-80
kPa. B OaHHoU pabome rnpedcmaesrieHO Kakum obpa3om OasrieHue 8
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8aKyyMHoOU Kamepe, pacripederieHue 2paHyrnsima, niIomHocme U cuna
rnasmMeHHoU Oyau enusirom Ha CPeOHIoK CKOPOCMb Yacmul, ropowika
AlL,Ozu W. UccnedosaHusi nokasarsnu, 4mo CKOpoCmbe Yacmuu, rnopowika ¢
MeHbwel IomHOCMbIO MoXem yeenudugambcsi Ha 200 m/c nipu
CHWXeHUU OasrneHusi 8 kamepe. BbisienieHo, 4Ymo aghgbekm OaerneHusi Ha
yacmuupl ¢ 6onbwel nnomHocmsto W 3Ha4umesibHo MeHble, Xomsi OH
MoXe B8aXeH, MaK Kak Mpu CHUXeHUU OaeneHusl ysenudueaemcsi
ckopocmb Yyacmuy, 0o 50%. [Npu ymeHblWeHUU curbl riasmMeHHou dyeu
CHUWXaemcs yOesibHasi CKopoCmb Yacmuy, 060oux 8udo8 ropoLIKO8.

Kntouesnle cnosga: Bl1H, cuna, nnasmeHHas dyaa, CKOpoCcmb Yyacmuy,
MopowiKa.

BP3MHE YECTULUA NMPAXA Y NMNA3SMU HA HUCKOM MPUTUCKY

Muxauno P. Mpaak
UcTpaxuBaykm u passojHu ueHtap UMTE KomyHukauuje a.a., beorpag,
Peny6nuka Cpbuja

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

Caxemak:

Husak npumucak uHepmHoe eaca y 8aKyyM-KOMOPU 3HamHO ymu4ye Ha
npeHoc 6p3uHe Yecmuua rnasMe Ha yecmuue rpaxa, epeme bopaeka
yecmuuya rnpaxa y nnasmu U KUHemuyKy eHepaujy UCmor/beHUX Yyecmuya
npe cydapa ca rnodnozoM. Ha cpedry 6p3uHy yecmuua npaxa, rnoped
HUCKO2 rpumucka UHEepMHOe2 2aca y 8aKyyM-KoMopu, Hajeehu ymuuaj
UMa eefiuyuHa U MaceHa 2ycmuHa 4Yecmuua rpaxa u cHaza riasma-
nyka. 3a meperse bp3uHe 4Hecmuuya rnpaxa y eakyymy Ha HUCKOM
MPUMUCKY KOMOpEe MpuMeryje ce racepcku mepady 6p3uHe. Cpedra
bp3uHa Yecmuya ucmorirbeHoe rnpaxa V = s/t npopadyyHasa ce kada ce
OyXuHa nyma decmuua rpaxa Koje npoRy usmelly 08sa XuxHa
odcmojarba nacepckoe 3paka rodesie ca 8pPeMeHOM rposiasa Yecmuya
uamehy dse xuxe. Mepera ce obaesrbajy 3a npumucak y eakyymM-KoOMopu
Koju je Hajdyewhe 00 6,7 0o 80 kPa. Y pady je npuka3zaHa ee3a uamehy
cpedr-e bp3uHe Yecmuuya npaxa Al,Osu W'y 3agucHocmu 0d npumucka y
8aKyyM-KOMOpU, pacriodesie epaHysama, MaceHe 2ycmuHe U CcHaze
niasma-siyka. YcmaHoes/beHo je 0a ce 3a rpax Marse MaceHe 2yCmuHe
MOXe, Y3 CMarbere npumucka y Komopu, rnoeehamu rnpoce4yHa 6p3uHa
yecmuya 3a 200 m/s. Ecpekam npumucka Ha yecmuue eehe maceHe
eycmuHe W je marsu, Mada je bumaH, jep ce ca cMaH-eHeM Mpumucka
yeehaea cpedma bpsuHa yecmuya 00 50%. Cmamere cHaze riasma-
JlyKa cMarsyje MakcumarsHe bp3uHe Yecmuuya 3a oba rpaxa.

KrbyuHe peyu: BlIC, cHaza nnasma-riyka, 6p3uHa Yyecmuua rpaxa.
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Abstract:

A comparison of two groups of plane shooting targets (PSTs)
characterizing the shooter-silhouette in different observation and rifle-firing
positions was the starting point for this study. Selected infantry targets are
used for shooting training in the Russian Federation and in the Swiss
Confederation. The comparison results of two target groups (five PSTs in
each of them) showed a significant similarity of their geometric shapes. To
explain this fact, a targets design system (TDS) was developed. The TDS
is based on attributing a certain number of simple geometric shapes —
geometric primitives (GP). In our case, the number of GPs was equal to
ten (five polygons for Russian and five polygons for Swiss targets). The
TDS enabled building a human-like target silhouette. If two sides of two
adjoining GPs or their parts become common for them, then such GPs
can be combined into one common geometric figure whose area is equal
fo the sum of the two GPs. The TDS was further transformed into two
isomorphic graphs. Their adjacency matrix (AM) was obtained. The AM
matrices for the Russian PSTs and the Swiss PSTs were the same. To
improve the estimation of the area and the coordinates of the target
centroid, a matrix modification of Bourke’s formulas were proposed. The
geometric areas for the Russian and Swiss PSTs and the location of their
centroids were refined and compared. GNU Octave, GeoGebra and
Mathcad were used as mathematical software for computer calculations
and for graphic visualizations.

Key words: shooting target, geometric primitive, graph, adjacency
matrix, centroid of a polygon, Octave, GeoGebra, Mathcad.
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Introduction

An infantry shooting target is an object at which marksmen aim and
shoot during shooting practice and owing to which shooting performance
effectiveness is analyzed (Khaikov, 2018), (Khaikov, 2019). Usually,
paper, cardboard, wood-based panels, plastic materials or metal plates
are the basic materials for manufacturing two-dimensional or plane
shooting targets. It is common that military shooting training with small
arms is still conducted with human-like shaped targets, which imitate rival
shooters as part of enemy's manpower.

The process of transformation of a three-dimensional moving
combatant’s figure into a two-dimensional plane silhouette, which is used
now as a target, had various national and cultural traits in different armies
of the world, but a common feature of the shape extraction phenomenon
was the simplification of the outer contour of a shooter and its
replacement with some abstract form. In the Soviet Army, schematized
(polygon-like) silhouettes of shooting targets were enacted in the
shooting training course of the 1969 year (MoD USSR’ 1969). Such
PSTs were used (without or with some modifications) in the Armed
Forces of the Warsaw Pact.

From a geometric point of view, targets of the Swiss Confederation
(cibles de campagne) are close to the shapes of Soviet/Russian military
PSTs® In the shooting training literature, there is also evidence of the
targets sizes and their areas, but the generalized rules for constructing
the geometric contours of a human’s silhouette have not been disclosed.
There is no systematic data on the coordinates of the geometric centers
(centroids) for each of PSTs.

The aim of this paper is to reveal the construction principles and to
analyse the geometry of two groups of PSTs representing silhouettes of
the opposing force shooters. The main objectives of the research are the
development of variants of target geometric description as polygons and
the estimation of the target centroids coordinates and the target area
using computer mathematics. GNU Octave, the interactive geometry
software GeoGebra and the computer algebra system Mathcad are used
to solve these sets of tasks.

' MoD USSR stands for the Ministry of Defense of the USSR.
2 maybe vice versa because the article states the geometric similarity of target's forms,
but does not explore the historical priority of their appearance.
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Principles of the PSTs construction

The shooting target design process for combatant silhouettes has
not been explained in scientific literature. Therefore, eliminating such a
gap and explaining these rules from the point of view of planimetrics is a
needful and urgent objective.

The set of human-like silhouettes (Fig. 1) consists of five different
Soviet/Russian® targets with numbers 5, 5a, 6, 7 and 8 (Tarchishnikov,
2011) and, respectively, five Swiss cibles de campagne with the
notations K, H, G, F, E (Shooting target, 2018). Below we give an
interpretation of the silhouettes, which will be useful for their deeper
understanding.

Table 1 shows target designations in English, Russian, German, and
French. The attention should be paid to the target denominations used in
the Armed Forces of the GDR* (MoD GDR, 1984). For example, the torso
target (target No. 7) was called the shooter shooting from the kneeling
position, and the man-sized figure (target No. 8) was named the running
shooter.

Table 1 — Four language -interpretations of the PSTs names
Tabnuya 1 — Vilumepnpemayuu Ha3gaHUU MIIOCKUX CMPEeIKo8bIX MUWEHelU Ha 4-x A3bIKax
Tabena 1 — Hasusu Ml Ha yemupu je3uka

Types English Russian German French
Target 5 The head target FonosHas Beobachter Sllhguette
durypa téte
Target 5a The head and onoBa v nneun Elngi%[itz)zner Téte et
shoulders target épaules
The chest / Ligender :
Target 6 upper torso pyoHas durypa Schutze S”S ouette
uste
target
Kniender Silhouette a
Target 7 The torso target | lMosicHasa curypa Schutze genou
Man sized / full PocrtoBas Laufender Silhouette
Target 8 . .
sized target durypa Schutze mannequin

A set of X- and Y-projections in the Cartesians system is usually
used for describing plane targets. The performed analysis of the
geometry of all ten targets shows that they are polygons whose vertices
are connected by straight lines. The designations of the targets and their

® The notation S/R will be used in the tables for Soviet/Russian shorter writing.
* GDR stands for the German Democratic Republic.
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geometrical dimensions in centimeters are shown in Fig. 1. The cibles de
campagne were partially analyzed in the paper (Khaikov, 2019). It would
also be interesting to know that the Armed Forces of the Polish People’s
Republic (PPR) developed their own PSTs entitled figury bojowe (pol.)
(MoD PPR, 1977).

Mesg MEE

23, ISR

1 1 |

v W s
12
0 |1
o B T
FEEEN
20 20
13 20 20 20 20
|22 L a5 ] s
Target K TargetH — 80 80
a5
Target G
a5 |
Target F
65
Target E
< 30 -,
45

Figure 1 — Silhouettes of five Soviet/Russian PSTs (top row) and five Swiss shooting
targets (cibles de campagne) (bottom row)
Puc. 1 — lNamb cosemckux / pocculickux rniocKux muweHel (8epxHuli psid) u nsmsb
weeliyapckux muweHed (HUxHUl psd)
Cnuka 1 — Cunyeme nem cosjemckux/pyckux MI™ (eopru ped) u nem weajyapckux
mMema 3a 2aljare (0oru ped)
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The geometric study shows that the Soviet/Russian and Swiss
infantry targets are based on geometric primitives i.e. plane figures of an
elementary form: triangles, rectangles and trapeziums. The silhouette
design of PSTs is based on the following rules:

(1) The principle of simplifying the original complex form is the basis
for the construction of infantry shooting targets. A complex silhouette is
reproduced by merging into a coherent whole more simple GP;

(2) The silhouette of a PST is a plane figure, all vertices of which are
interconnected by first order lines. By connecting the vertices with two-
order or more order curves, it is possible to enhance the visual effect of
target perception (for example, the Swiss target K);

(3) PSTs, being geometric shapes, are usually symmetric along the
vertical axis OY.

PST No. 5a «head» is composed of a rectangle and an isosceles
trapezoid, a large base of which is joined to the base of the rectangle. In
all subsequent constructions, the «head» as a polygon acts as an
independently functioning geometric primitive. For PST No. 5, the GP
«shoulder» consists of a rectangle and a right-angled triangle. The right
and left «shoulders» of PST No. 5 are symmetrical. In turn, figure No. 5 is
a more difficult geometric primitive for PSTs No. 6-8. Based on this, we
formulate the 4-th rule: «A more complex PST shape is built on the
principle of merging a new geometric primitive with the shape that was
formed on the previous step». Thus, targets No. 5a, 5-8 can be
represented as a combination of the following five geometric primitives:
«head», «shoulders (left / right)», «bottom of the chest», «bottom of the
torso» and «legs». The GPs for Soviet/Russian targets are listed from left
to right in Fig. 2a. The GPs for Swiss targets are represented in Fig. 2b.
All dimensions in Fig. 2 are indicated in centimeters.

The figure «head»® (it is target No. 5, made of simpler shapes) for
subsequent figures is also considered to be a geometric primitive. By
merging it with the «shoulders» primitives®, we obtain target No. 5 (or the
Swiss target H). Further, by merging target No. 5 (we will consider it as
the next geometric primitive) with «the bottom of the chest» primitive, we
obtain target No. 6 (or the Swiss target G). Targets 7 and 8 (or the Swiss
targets F and E) are made by the same rule of merging.

° geometric primitive «head» (Fig. 2b) was modified relative to the original Swiss target K.
® left and right shoulders.
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Figure 2 — Geometric primitives as constituent elements of PSTs
a) Soviet / Russian targets;
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Legs
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63

2. |
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b) Swiss targets;

Puc. 2 - eomempuyeckue rnpumumuebl KaKk cocmasssouue

a) cosemckux / pocculickux muweHeu;

b) weeluyapckux muweHeul;

Cnuka 2 — OcHosHe 2eomempujcke chuaype kao KoHcmumymueHuU enemeHmu Ml
a) cosjemckux/pyckux mema; b) weajuapckux mema

The comparative characteristics of the areas of the Soviet/Russian
and the Swiss geometric primitives are illustrated in Table 2 (all
dimensions — in square centimeters).

Table 2 — Comparative characteristic of the areas of GPs (square centimeters)
Tabnuya 2 — CpasHumernbHas xapakmepucmuka rnowaded Tl (ke. caHmumempei)
Tabena 2 — lNopehere kapakmepucmuka nospwuHa O ® y kgadpamHum

yeHmumempuma

Bottom of | Bottom of
Types Head Shoulders the chest | the torso Legs
A - areas of S/R GPs 636 2*189=378 1000 2500 1875
B - areas of Swiss GPs 614.5 | 2*154=308 990 2025 1988
100-(100*B/A) ratio, % 3.4 18.5 1 19 -6

From the data collected in Table 2, it can be seen that the GPs
(«head», «shoulders», «bottom of the chest», «bottom of the torso») of
the Soviet/Russian targets are 1-19% bigger than the GPs of the Swiss

275

Khaikov, V. Analysis of two groups of plane infantry targets as sets of geometric primitives, pp.270-287



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2019, Vol. 67, Issue 2

targets; however, the area of the Swiss GP «legs» are larger (6%) than
the corresponding Soviet/Russian one.

The principle of sequential merging of geometric primitives and the
formation of PSTs Nos. 5, 5a, 6-8 are shown in Fig. 3. At the top in the
yellow rectangle, there are five GPs used in the merging process, and
below, in a blue rectangle, there are five PSTs silhouettes formed from
them.

The quantity of arrows at the bottom of the yellow rectangle (near
numbers 0—4) shows the quantity of GPs which were used to build all five
PSTs. The quantity of arrows at the top of the blue rectangle (near
numbers 5-9) shows the quantity of the geometric primitives-components
that were used to build an appropriate silhouette.

Mathematical set of geometric
primitives \_/

-
R T 1 ﬂ
¥ 8- B

Ma7

9

«l=

Mathernatical set of plane shooting targets MEz

Figure 3 — The implementation of the principle of consistently combining geometric
primitives into target silhouettes (the shooting targets design system)

Puc. 3 — Peanusayus npuHyuna rnocrnedosamersibHo20 06bedUHeHUsT 2e0MempuYecKux
ApuUMUMUEB08 8 CUMy3mbl CMPEIKO8bIX MuleHel (cucmema nopoxoeHuUs MuwueHel)
Cnuka 3 — lNMpyMeHa NpyHUMNa KOH3UCTEHTHOT KOMOMHOBaHa OCHOBHMX FrEOMETPUjCKUX
durypa y cunyete MeTa (CUCTEM NpojekToBaka MeTa 3a rafare)

The construction of a PST silhouette can be compared with a
mosaic puzzle. Each puzzle piece has a different shape. Mosaic
elements in this task correspond to geometric primitives and the result of
their conjunction (merging) will match the external contour of the target
silhouette (see Fig. 3). When we attempt to place a puzzle piece in its
place, it will only fit if it is placed properly in the correct location of the
considered shooting target. In order to get the correct silhouette of target
No. 8, not only is it necessary to use the six «mosaic elementsy», but also
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to place them in a correct order. The structure such of Fig. 3 was named
the target design system (TDS). The TDS consists of GPs (top row on a
the yellow background) and PSTs (bottom row) that can be built from
them. The TDS of Fig. 3 illustrates the formation of Soviet/Russian PSTs;
however, this scheme can be used to explain the principle of the
construction of Swiss PSTs.

If the GPs of Fig. 3 are numbered from 0 to 4, and the PSTs from 5
to 9, then the TDS can be transformed into a directed graph that has 10
(from 0 to 9) vertices (5 GPs + 5 targets) and 15 edges’ (Fig. 4 a, b). Two
graphs of Fig. 4 a, b® are isomorphic. Since the graph had 10 vertices
thus the adjacency matrix (AM) A has a size of 10x10. Its 100 elements
are presented in Fig. 4c:

PSTs

3 5 6 7 g g PSTs

2
PSTs GPs

O O O O O O o o o o
O O O O O O O o o o
O O O O O O o o o o
O O O O O O o o o o
O O O O O O ©O O O
O O O O O O © O - -
O O O O O O O F -
O O O ©O O O F B
O O O ©O O F kB - -

]
O O O O O O o o o o

a) b) c)

Figure 4 — Directed graphs (a, b) and graph adjacency matrix or the connection matrix (c)
Puc. 4 — HanpaeneHHble epagbl (a, b) u ux mampuya cmexHocmu (c)
Cniuka 4 — YemepeHu epaghosu (a, b) u mampuuya nosezaHocmu 2pacpa (c)

The received AM (Fig. 4c) is a sparse matrix because it contains
only 15 nonzero elements and 85 zero-elements. The matrix sparsity is
85%, and the matrix density — 15%. All nonzero-valued elements form a
special upper triangular matrix with four diagonals that are parallel to the
main diagonal. The AM is singular, since its determinant is 0. It should be
noted that the AMs for Soviet/Russian and Swiss PSTs are the same.

The bipartite graph of Fig. 4b is a graph whose vertices are divided
into two disjoint and independent sets of GPs / PSTs such that every
edge connects a vertex in GPs to one in PSTs.

" The edge is a connection between two vertices.
8 Graphs of Fig. 4a, 4b were built by using Internet-application http://graphonline.ru .
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Geometric specification of PSTs

The main way of the geometric description of PST silhouettes is
recreating them by the projections of the sides on the X and Y axes of
the Cartesian coordinate system. But for describing the target contour,
three more ways can be used:

1. Representation of the PST by the coordinates of the vertices of
the polygon that describes the silhouette. The shape-forming matrix
consists of two columns: the first column contains the coordinates of the
abscissas, and the second - the coordinates of the ordinates.

The coordinates of the six vertices of target 5a (left matrix) and the
modified «head» primitive (right matrix) written in the form of a Mathcad-
matrix are shown below. These are rectangular matrices, each row of
which contains the X and Y coordinates (cm) of the corresponding vertex
of the polygon, while the seventh row repeats the first vertex coordinates
and makes the contour of the target closed:

(18 0] (16 0]
32 0 29 0
365 12 325 13
T1:=|365 30 T2:=[325 33
135 30 125 33
135 12 125 13

|18 0 | |16 0 |

Using the Cartesian coordinate system, Fig. 5a illustrates the
increase in the height of Soviet/Russian PSTs if every new GP is
included in the target composition. All geometrical dimensions of Fig. 5a
are in centimeters. The image was obtained using GNU Octave software.

2. The target silhouette can be described by a set vector magnitudes
and direction angles relative to the previous one Fig. 5b. The geometrical
dimensions of Fig. 5b are in millimeters. The vertices of the targets (as
plane polygons) are designated as A1, A2, ... Ai. The angles between the
sides (or edges) of both polygons (Fig. 5b) are in degrees. The dashed
line in Fig. 5b (right fragment) shows the connection boundary of the GP
«head» with the primitive «shoulders».

3. The silhouette description using analytical equations of the sides
of the polygon with an indication of their boundaries (start/end points).
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For method No. 2, the vector magnitudes and the direction angles
can be replaced by the coordinates of the vector in the Cartesian
coordinate system (XQY).

ME5a MEg Mag Maz =)

Y, cm Y, cm Y, cm Y, cm Y, cm

140 - 140 — 140 140 — 140 :ﬂ_
120 |- 120 |- 120 |- 120 120
100 100 100 |- 100 |- 100
80 — 80 — 80 |- 80 =U— 80 |-
60 — 80 — — 60 60 = 60 |
a0 - a0 - — 40 :ﬂ_ 40 - 40
20 —w 20 ’__ﬂ_‘ 20 20 20

o Ld, ) S VR

L1 g LALIA

[=]

0 20 40 0 20 40 0 20 40 0 20 40 0 20 40
X, cm X, cm X, cm X, cm X, cm

Step | Step Il  Step lll Step IV Step V
a)

Figure 5 — Increase of the height of shooting targets relative to each other (a) and
their structure (b)
Puc. 5 — Ysenu4eHue 8biCOMbI CMPEeIKoabix MuLeHel omHocumersrbHoO Opye Opyea (a)
u cmpykmypa muweHel (b)
Cnuka 5 — Noseharbe sucuHa Mmema 3a 2afjarbe y meljycobHom odHocy (a) Kao U y
odHocy Ha muxosy cmpykmypy (b)

For a shooter, the necessary a priori information about a target is:
the target size (the maximum width and the maximum height); the target
area, and the coordinates (abscissa and ordinate) of the target centroid®.

® The centroid of a polygon is also known as the «center of gravity» or the «center of
mass».
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The geometrical dimensions and the description of PSTs can be
found in shooting reference books, for example (Tarchishnikov, 2011,
pp.118-120), (MoD GDR, 1984), (MoD PPR, 1977).

Shoelace formula (or Gauss's area formula) is a mathematical tool
for estimating the PST area like a geometric polygon. If the numbering of
the vertices of the polygon is counterclockwise, then its area A can be
calculated (Bourke, 1988):

1N—l
A:EZ(xinl_leyi)' (1)
i=0

where N is the number of vertices of the polygon.

Since the determinant of a 2x2 matrix B (bss=a; b12=b; bzs1=c; by,=d)

|B| = det(B)=|*
C

b
‘zad—bc.
d

Expression (1) can be modified

1 N-1

A:EZ

i=0

X i
X

(2)

i+1 yi+1

but in (Wolfram MathWorld, 2018) the area’s formula is given based on
the sum of determinants (det)

A=1(x° S R I XOJ=1N_1 i S (3)
2y | n » Yva o 253V Vi
but, since
|B|:a b‘:a b‘T:a c:d b:‘d c
c d |c d b d |c a |b a

we repeat expression (2). Therefore, the transformed Bourke’s formula
(2) and the expression from (Wolfram MathWorld, 2018) (3) coincided.

280



The resulting formula (2) is more convenient, since it corresponds to the
matrix of the coordinates that describe the vertices of the polygon. If the
vertices of the polygon are numbered not counterclockwise, but vice
versa, then this imperfection can be eliminated in two ways:

(1) vertical flip of the matrix; in the computer software Mathcad, this
can be implemented using the vertflip(M) command;

(2) by using the absolute value of A (the modulus of a real number
A).

In order to calculate the polygon’s area by using formulas (1, 2), it is
necessary to know the number of vertices of the polygon (N); then, for
the considered targets, we will collect them in Table 3.

Table 3 — Comparative characteristics of the number of vertices for PSTs
Tabnuuya 3 — CpasHumersbHasi xapakmepucmuka Konudecmea eepuuH 011 MulieHel
Tabena 3 — YnopedHe kapakmepucmuke 6poja epxosa Ml

Head Head and Upper Torso I.:uII
Types torso sized
target | shoulders target
target target
Number of vertices for S/R PSTs 6 8 8 8 10
Number of vertices for Swiss PSTs 6 8 8 8 14

Table 3 shows that the result of comparing the N numbers for
Soviet/ Russian and Swiss targets shows the similarity of these two
groups of PSTs. The minimum number of vertices is six, and the
maximum is fourteen.

Using formulas (1) and (2), we estimate the area of the Soviet/
Russian and Swiss targets. The resulting data are combined in Table 4.
The areas of all Soviet/Russian targets are bigger by 3.4-12.8 percent
than the corresponding areas of the Swiss targets.

Table 4 — Comparative characteristics of the PST areas
Tabnuuya 4 — CpasHumernbHasi xapakmepucmuka nnouwjadeli cmperkosbiX MulueHel
Tabena 4 — YnopedHe kapakmepucmuke rospwuHa Ml

Head Head and Upper Torso Full sized
Types torso
target | shoulders target target
target
A1 - areas of S/R PSTs, cm® 636 1014 2014 4514 6389
A2 - areas of Swiss PSTs, cm” 614.5 922.5 1913 3938 5925
100-(100*A2/A1) ratio, % 34 9.0 5.0 12.8 7.3
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The ratio of areas of geometric primitives in the total area of four
targets for the group of Soviet/Russian targets is shown in Fig. 6. White
color indicates the area of the GP «head»; orange color corresponds to
the area of primitive «shoulders»; dark blue is «bottom of the chesty;
blue specifies, «bottom of the torso»; and purple means «legs». As the
shape of a PST becomes more complex, the area of each part of the GP
set is decreased. The target «head» is absent since only one GP is used
for its formation.

The head and The upper torso The torso Full sized
shoulders target target farget target
£2.6 22.15  g.41 15.87
18.85 5° 6.03
14.08 .
39.68 2.1
37.4 49.86 55.36

Figure 6 — The proportion of GP areas in the total area of PSTs
Puc. 6 — ons nnowadu eeomempudecKkux npumumueos 8 obuwel ninowadu
cmpesikosbIx MuweHel
Cniuka 6 — Ydeo nospwuHa Ol @ y ykynHoj nospwuHu MI™

Another kind of Bourke’s equations (Bourke, 1988) can be used for
estimating the coordinates of the polygon centroid:

(xi T X )(xinl — X )1 4)
(yi +Via X‘xiyi+l — XV )7 (5)

where N is the number of vertices of the polygon.
Applying to (4, 5) an expression for the 2x2 determinant (|A| or

} (6)

det(A) ), we modify these formulas

1 N-1 X —
Cx = ’ :
" {xiﬂ 11‘

645
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1 N-1

=

X Vi

'xi+l yi+l

Cy (7)

Yi _1‘ .
y[+l 1
For such interpretation, the area of the polygon is the sum of the 2x2
determinants, and the abscissa and the ordinate of the centroid are their
product. Thus, the formulas for the area and the coordinates of the
polygon centroid now have a matrix form.
We calculate the centroid coordinates of the Soviet/Russian PSTs

and compare them with the corresponding coordinates of the centroids of
the Swiss targets. The results of the comparison are given in Table 5.

Table 5 — Comparative characteristic of the coordinates of PST centroids
Tabnuua 5 — CpasHumernbHasi xapakmepucmuka KoopOuHam ueHmpoudos
cmpesiKosbIX MuweHel
Tabena 5 — YnopedHe kapakmepucmuke koopduHama yeHmpouda AMI™

Head | Head and Upper Torso Full sized
Types torso

target | shoulders target target

target

Cx of SIR PSTs, cm 25 25 25 25 25
Cy of SIR PSTs, cm 15.9 12.1 21.1 45.6 75.7
Cy of Swiss PSTs, cm 225 225 225 225 225
Cy of Swiss PSTs, cm 17.4 13.3 22.7 44.5 83.8
100-Cy/Hmax for S/R 53% 40.3% 42.2% 45.6% 50.4%
100-Cy/Hmax for Swiss 52.7% 40.3% 41.2% 44.5% 50.8%

The value of 100-Cy/Hmax shows the location of the centroid Y-
coordinate relative to the PST height. The ratio of these parameters for
targets such as «head», «head and shoulders» and «full sized target» for
Soviet/Russian and Swiss targets is less than one percent. For the
«upper torso target» and «torso target» targets its 2.2 and 2.4 percent.
The X-coordinate of the centroid lies on the axis of symmetry (22.5 cm
for Swiss PSTs and 25 cm for Soviet/Russian targets).

Conclusions

Planimetrics and graph theory allowed us to formulate a general
construction principle for analysing Soviet/Russian and Swiss PSTs,
which is based on the use five similar in geometry GPs. To compare
different groups of infantry targets, a TDS was proposed that consists of
geometric primitives set; directed lines between GPs and obtained
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infantry targets. The TDS can be represented as a graph or an adjacency
matrix.

Investigated by us two target groups had the same directed graphs
and, therefore, an equal adjacency matrix. This matrix refers to the type
of sparse matrix and has the following characteristics: dimension: 10x10
(15 nonzero elements and 85 zero-elements); matrix sparsity is 85%, and
matrix density — 15%.

For formulas which determining of an area and centroid
coordinates of polygons we propose their matrix forms. These kinds of
expressions are more convenient by combining information about
polygon vertices coordinates in a matrix with nx2 dimension.

Comparison of Soviet/Russian and Swiss PSTs showed that areas
of all Soviet/Russian targets are more by 3.4-12.8% than the
corresponding area of Swiss targets. The exception to this rule relates to
the ratio of the areas of «man sized» targets. Due to the fact that all
targets have an vertical axis of symmetry, the X-coordinate of a target
centroid depends on location its abscissa. The Y-coordinate of a centroid
was compared with a height of the target. The maximum offset of the Y-
coordinate of centroids for Soviet/Russian targets relative Swiss targets
was 2.4%. Thus, the similarity of the geometry of two reviewed groups of
PSTs is explained by the resemblance of a formation mechanism, the
uniformity of the mathematical graph (adjacency matrix) and identified
geometric primitives. The results of this study can be extended to other
PSTs groups.
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AHAN3 ABYX IPYTIN MIIOCKNX CTPEJNKOBBLIX MULIEHEN KAK
COBOKYINHOCTEW TEOMETPUYECKMX NMPUMUNTNBOB

Baoum J1. Xawnkos,
He3aBWCUMBbIV UccneadoBaTensb, r. KpacHogap, Poccuiickaa depepauuns

PYBPWKW: 78.21.00 BoeHHO-NpuKNagHble HayKu;

78.21.47 Bannnctuka. Teopusa cTpenbobl
BWO CTATbW: opurMHanbHasa HaydHas cTaTbs
A3bIK CTATbW: aHrnumnckmn

Pe3some:

CpasHeHue  08yx  epyrnnn  CMPEerikosbiX  MUWEHel,  Komopbie
Xapakmepusyrom Ccuslyam cmpesika 8 pasfiuyHbIX e20 MOIOXeHUsIX rpu
sedeHuu HabmodeHusi u cmpesnibbe, cmasio omrpasHoU mouykol Ons
Hayana uccrnedosaHusi. BbibpaHHbie Onisi paccMOmpeHus MULIEHU
ucrionb3yromesi 8 rpouecce cmpersikogol rnodzomoeku e Poccutickoli
®edepayuu u 8 Llsetiyapckoli KoHgpedepayuu. Pe3dynbmam cpagHeHusi
08yx epyrnn muweHel (Mo namb MuweHel 6 Kaxdol epyrre) rnokasars
MeXX2pyrirnogoe cxo0cmeo Ux eeomempuyeckux gpopm. s obbscHeHus
amoeao ¢hakma, bbina paspabomaHa cucmema MOCMPOEHUsT MulieHeld
(ClIM). OHa ocHosaHa Ha 8bi0erfieHUU HEKOMmOopoeo Kosiudecmea
MPOCMbIX 2e0MempUYECKUX (buayp 80 MHOXECmE0 makK Ha3bl8aeMbiX
eeomempuyeckux npumumueos (1) ¢ GanbHeluwuM KOHCMPYUpPo8aHUeM
MuweHel Ha ux ocHoee. B Hawem crniydae obwee konudecmeo [T1 —
nams 8 Kaxkdol paccmampusaemol epynne. [NpuHyun obveduHeHust 1
cocmoum 8 mom, 4mo ecsiu 08e CMOPOHbI O8YX CMEXHbIX MPUMUMUBO8
unu ux dYacmu senstomcess obwumu Onsi HUX oboux, mo makue [T]
0bbeduHsromess 8 O0Hy 0bwyro 2eoMmempuyeckyro cpuaypy, nnou,adb
Komopolu paeHa cymme ux nnowadel. [anee CIIM 6bina
rnpeobpasosaHa 8 08a U3OMOPGHbIX epagha, Komopble Mo30Hee Obiu
mpaHcghopmuposaHbl 8 Mampuubl cMexHocmu. Takue mampuub! Oris
pocculickux U weelyapCKux MuweHel oKa3anucb pasHbiMu. [ns
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yryqweHusi oueHKU nnowadu u KoopOuHam ueHmpouda cmpesikogol
MUWEHU Kak /10CKO20 MHO20y20rbHUKa bbiria npedrioxeHa mMampuyHasi
molducpukauyusi  popmyn  bepka (Bourke). B pesynbmame  ux
ucrosib308aHust BbINU yMOYHEHb! 3HaYeHUs1 2e0MempuvecKux riowadel
0ns1 pocculickux U weeluyapcKux MulieHel U 3HadeHusi KoopouHam ux
ueHmpoudos. B kadecmee MameMamuyeckozo  Po2pPamMMHOZ0
obecrieyeHuss 0ns peanusayuu  KOMIbIOMEPHbLIX — pacyémos U
epachudeckol  eusyanusayuu  pesynbmamog  rnocmpoeHul  bbiiu
ucnonb3oeaHbl GNU Octave, GeoGebra u Mathcad.

Knwouesble  crioga: cmpenkoeass  MUWEHb, 2eoMempu4yeckul
npumumus, Mamemamudeckul —epagh, Mampuuya CMexHocmu,
ueHmpoud mHoezoyeonsHuka, Octave, GeoGebra, Mathcad.

AHANN3A OBE I'PYMNE ABOOAMMEH3NOHANHWX MEWAONJCKNX
META KAO CKYINOBA OCHOBHUX TEOMETPUJCKNX ®UTYPA

Badum J1. XajkoB
He3aBWCHU UcTpaxunaad, KpacHogap, Pycka ®egepauvja

OBJIACT: npumeneHa MaTematuka (6anunctuka, Teopuja rahama)
BPCTA UJIAHKA: opyruHanHu Hay4Hu pag
JE3UK YJTIAHKA: eHrnecku

Caxemak:

Oea cmyduja nopedu dee epyrne 0800UMEH3UOHaNIHUX Mema 3a 2afjare
(AMr) y obnuky cunyeme cmperiua Koju ryya u3 rywkKe U3 pasaudumux
rnonoxaja. OdabpaHe newadujcke meme 3a 2afjame Kopucme ce 3a
yeexbasarbe eahawa y Pyckoj ®edepauuju u  Llsajyapckoj
KoHagbedepauuju. Nopehere pesynmama dse epyrie mema (o nem y
C8aKoj epyrnu) rokasyje 3HadajHy C/IUYHOCM HUX08UX 2€0MempuUjCKUX
obnuka. [Ja 6u ce objacHuna oea 4Yur-eHUUa, pa3seujeH je cucmem
npojekmosarba Mema (C[IM) 3acHoeaH Ha o0pefjeHom 6pojy
JjeOHOoCmasHUX 2eomMempujckux o0bruKa — OCHOBHUX 2e0MempujCKUX
ueypa (OF'®). Y nawewm cnyyajy maj 6poj je buo decem (nem nonuzoHa
3a pycke u nem rornueoHa 3a weajuapcke meme). Kopucmehu CrIM,
uspaheHe cy meme y obsiuKy rbydckux curiyema. Ako 0ge cmpaHuye dge
cyceOHe OF®, unu muxosu desnosu, rnocmaHy 3ajedHUYKU, HUXO08UM
KombuHogarem 0dobujeHa OF® uma nospwuHy jeOHaKy YKYMHUM
rnospuwuHama dgejy  nospuwuHa cyceOHuUx ore. [Jamom
mpaHcgopmavujom ClMIM dobujajy ce dea usomopcpHa gpagha. Houxose
dobujeHe mampuue nosesaHocmu (MF1) 6une cy ucme u 3a pycke u 3a
weajuyapcke [MI. 3a noborbwarke ecmumauuje ospuwiuHa U
KoopOuHama ueHmpouda Mema, npedrnoxeHa je Modughukayuja
mampuue bypkeosum ¢hopmynama. eomempujcke rnospuiuHe pycKkux u
weajyapckux OMrl, kao u nokayuje HUX0BUX UeHmMpouda, NMpeyusHo cy
odpeheHe u ynopeheHe. Mamemamuyku cogpmeepu kopuwheHu 3a
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KOMIjymepcKa uspadyHasar-a U eusyanusauujy nymem gpaghosa bunu cy
GNU Octave, GeoGebra u Mathcad.

KrbyuHe peuu: mMema 3a e2alfjaH-e, OCHOBHe 2eoMempujcke guaype,
epap, mampuya noeezaHocmu, ueHmpoud mnonueoHa, Octave,
GeoGebra, Mathcad.
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Abstract:

The article describes the application of standard methods of determining
savings in the commodity acquisition, which do not impose an obligation
fo evaluate the centralized award system and the Methodology for the
Quantification of Savings set by the Ministry for Regional Development of
the Czech Republic. The process is related to the tyres within the Ministry
of Defence acquired in the centralized and decentralized manners in the
period 2014-2017. In the decentralized manner, higher variability of unit
prices and higher variability of the number of suppliers are expected. In
the centralized manner, the constant price level is predicted since the
supplier is permanent during the whole period of the performance of the
framework agreement for a period of two years. Statistical methods - the
hypothesis testing method - are used to compare the unit prices in both
manners. The comparison has been carried out by the two-sample t-test
of the mean values of two selections in order to determine the differences
in the amount of financial resources. It has been found that the unit prices
of the centralized acquisition are higher than the unit prices of the
decentralized acquisition; therefore, the centralized manner of acquisition
is more expensive than the decentralized one.

Key words: absolute savings, centralized purchase, decentralized
purchase, methods, tyres, relative savings, statistics.

Introduction

Centralized awarding of public contracts is based on the condition
that the central bodies of state administration have at least two
subordinate organizations in their organizational structure. This condition
is satisfied by all ministries of the Czech Republic, i.e. the Ministry of
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Defence of the Czech Republic as well. This implies the obligation to
centralize public contracts for the acquisition of commodities according to
Annex 2 of The Czech Republic Government Decree No. 24, 2016,
irrespective of the expected value of the public contract (Parliament of
the Czech Republic, 2016). The commodities concerned are included
exhaustively: electricity, gaseous fuels, telecommunications services,
office technology and equipment, computers and data processing
machines, passenger cars, furniture, and office supplies. The
commodities underlying public contracts are subject to a centralized
manner of awarding; their estimated value exceeds 2 million CZK
(Parliament of the Czech Republic, 2016). This condition is met by most
of the public contracts across all public bodies. In the first group of the
commodities subject to the centralized awarding of public contracts, there
is an obligation to evaluate the departmental systems for the past year,
the part of which is quantifying the savings. As for the second group of
commodities, the public bodies are not under this duty.

Subject of research

Tyres as a commodity are a subject of the research within the
Ministry of Defence. They are acquired in a centralized manner for the
main types of military ground vehicles (TATRA, PANDUR, IVECO,
DINGO, UAZ, LANDROVER) and in a decentralized manner for other
types of military ground vehicles. It is a very wide range of tyre types and,
therefore, the portfolio mentioned has been defined only for the TATRA
815 vehicle type as it creates the largest part of vehicles within the Army
of the CR.

Research methods

The following standard methods (Ministry for Regional Development
of the Czech Republic, 2017) have been used to quantify savings: the
historic pricing method, the consumption basket method and the benchmark
price method.

The historic pricing method lies in comparing the unit prices
achieved when purchasing a particular commodity in two different
periods. The time period must be the same, usually one calendar year. At
the same time, inflation must be taken into account (preferably at the
level of a given commodity). The method is suitable for the commodities
that are internally poorly structured and the financial volume for the
purchase of this commodity can be related to a specific unit of measure,
e.g. electricity or natural gas. The advantage is the simplicity of
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calculation and small demands for data logging. The disadvantage is the
need to find a common unit of measure and take into account the year-
on-year price indices published by the Czech Statistical Office (Czech
Statistical Office, 2018). The mathematical relation is given:

- For the relative amount of savings: 1 - (the price for a unit of measure
in the current year / the price for a unit of measure in the previous year
expressed in the prices of a current year, i.e. adjusted by the year-on-year
Consumer Price Index); (1

- For the absolute amount of savings: the relative amount of savings*
the price for a unit of measure in the previous year expressed in the prices
of the current year. (2)

- The application of this method is inappropriate for the surveyed tyre.

The consumption basket method lies in comparing the prices at
the level of consumption baskets. The commodity as a whole is not
investigated, but the price movements over time in selected standard
products or services within a given commodity are investigated. The
method is commonly used in statistical practice to estimate the changes
in price levels. When applying this method, it is always necessary to
identify at least three standard commodities that do not change over time
(i.e. they are purchased annually, such as telecommunications or office
supplies). The advantage is the simplicity of calculation, small demands
for data logging and the relative high accuracy of savings, especially for
the purposes of comparing the individual departmental systems of the
centralized award, if consumption baskets are the same for all of these
systems. The disadvantage is the determination of the consumption
basket itself since it depends on who determines the consumption basket
and in what way. The mathematical relation is given:

- For the relative amount of savings: 1 - (the total price for the
consumption basket achieved in the current year / the total price for the
consumption basket achieved in the previous year expressed in the current
year prices adjusted for the year-on-year Consumer Price Index). (3)

The total price for the consumption basket achieved in the current
year will be calculated as the sum of financial volumes of purchases of
individual items in the consumption basket and the financial volume of
the purchase will be calculated as the product of the quantity purchased
in the current year and the prices in the current year. The total price for
the consumption basket achieved in the previous year will be calculated
as the sum of financial volumes of purchases of individual items in the
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consumption basket and the financial volume of the purchase will be
calculated as the product of the quantity purchased in the current year
and the prices in the previous year:

- For the absolute amount of savings: the relative amount of savings*
the financial volume of the goods acquisition for the previous calendar year
expressed in the prices of the current year. 4)

The application of this method to quantify savings for the commodity
under investigation may be appropriate.

The benchmark price method lies in comparing the prices of the
purchase of specific products or services (i.e. individual items within
a particular commodity) with benchmark prices, which are presented as
follows:

a) By the list price - the price published on the websites or in the
catalogue of the supplier;

b) By the average value of the offer price within the tender;

c¢) By the average price published on one of the web portals comparing
prices in Internet-based shops.

The above-mentioned method assumes that centralization will result
in price reductions below “normally quoted market prices”. The method
can be used with each commodity. The advantage is high accuracy (the
comparison with market prices is more accurate than the comparison
with historical prices). The disadvantage of the method is the difficult
check of saving calculation, which cannot be compared across the
individual departmental systems, and the high demands for data logging.
The mathematical relation is given:

- For the relative amount of savings: 1 - (the total price for selected
products achieved in the current year / the total price for selected products
achieved for benchmark prices). (5)

The total price for selected products achieved in the current year will
be calculated as the sum of the financial volumes of selected product
purchases during the entire current calendar year (if a given product was
purchased in the course of the year repeatedly, it is necessary to add up
all of these purchases). The total price for selected products achieved for
benchmark prices will be calculated as the sum of the financial volumes
of selected product purchases and the financial volume of the purchase
will be calculated as the product of the quantity purchased in the current
year and the average benchmark price:
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- For the absolute amount of savings: the relative amount of savings*
(the financial volume of the goods purchase in the current year / (1 - the
relative amount of savings). (6)

The application of the method for the commodity under investigation
may be limited in 2017 for benchmark prices a) and c) since it is based
on the assumption that the prices found on suppliers' websites or the
average prices of Internet-based shops do not differ from those in 2017.
Benchmark prices b) are not used due to unavailability of the contractual
documentation. The above-mentioned methods have also been used to
compare the centralized and decentralized manner of acquisition.

The statistical method for hypothesis testing - the two-sample t-test
(Neubauer et al, 2016) has been used to compare the unit prices of the
centralized and decentralized manner of tyre acquisition for the period
2014-2017, irrespective of the type of vehicles. The mathematical relation
is given for the basic test criterion (statistics) as follows:

t=9 /o 7)

where

d - the arithmetic mean of the differences of both sets,
S, - the standard deviation of the differences of both sets,

N - number of measured unit prices (number of set elements).

It follows from the above-mentioned data that testing the statistical
hypotheses is based on the assumption of the probability of dividing the
monitored random variable, i.e. null hypothesis H, against which an
alternative hypothesis A is built. The validity of the null statistical
hypothesis is verified based on the selection values. In this case, this is
a paired test of two selections, in which the equivalence of the mean
values is

H =y, (®)

When the null hypothesis H is valid, the test criterion (7) has Student's t-
distribution (v) with degrees of freedom

v=n-1. )
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According to the alternative hypothesis, the critical regions W, are

selected, where « represents the level of significance - the probability
that the null hypothesis will be rejected, most often o = 0.05:

>, =W {tt>t (V)}, (10)

Ay <y, =>W {t;<—t(V)}, (11)

Aty # 1, =W, L[t > t ., (V]}, (12)
2

where t, (v),t ,(v) the Student's distribution quantiles are shown in the
1-=
2
statistical tables (Neubauer et al, 2016). Based on the calculation of the test
criterion t and its comparison with the critical values t,_ (v),t (v), a
1-=
2
conclusion on the rejection or non-rejection of H will be set, i.e. whether the
unit prices of the centralized acquisitions are higher than the unit prices of
the decentralized acquisitions.

Results of research

Quantification of tyre savings in the centralized manner of
acquisition

Within the quantification of savings for the T-815 tyres acquired in
the centralized manner, when comparing unit prices, their mutual
agreement in 2014-2015 was found since the supplies during this period
were provided by a single supplier. These are agreed prices in the
framework agreement, which are constant during the whole period of the
performance of the agreement. The comparison of 2015-2016 was not
made due to the acquisition of one commodity. A possible comparison
was over the years 2015 and 2017 (2017 would be considered the
current year). However, this does not correspond to the mathematical
relations of the above-mentioned standard methods from the viewpoint of
the sequence of the studied periods, i.e. successive years. In this case,
the consumption basket method with relations (3) and (4) is used to
quantify the savings. The above-mentioned facts are stated in Table 1.
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Table 1 — Overview of the T-815 tyres acquired in the centralized manner in 2015 and

2017

Tabnuua 1 — O630p rnokpbiwek 051 T-815, npuobpemeHHbIX Memooom
ueHmparnu3oeaHHoUl 3akynku e 2015 u 2017 za.
Tabena 1— lNpeaned eyma 3a T-815 HabasrbeHUX UeHmMpanu3o08aHuM rMnocmyrnKkom
Habaeke 2015. u 2017. 20duHe

Period
— year

2017

2015

Type of
tyres

Quantity
[pcs]

Price for
u/m [CZK]

Total price
[CZK]

Quantity
[pcs]

Price for u/m
[CZK]

Total price [CZK]

TYRE
12
R22.5
DM1
M+S

262

7,792.40

2,041,608.80

511

8,457.90

4,321,986.90

TYRE
12,00
R20
BS71
ROAD

168

9,105.25

1,529,682.00

199

10,043.00

1,998,557.00

TYRE
11.00
R20
NR 55

282

8,385.30

2,364,654.60

296

9,196.00

2,722,016.00

TYRE
445/65
R22.5
BS49

210

13,479.40

2,830,674.00

451

13,673.00

6,166,523.00

TOTAL

8,766,619.40

15,209,082.90

On the basis of unit prices, it is possible to state that the prices of
the items in question in 2015 are higher than those in 2017. The next
step includes the conversion of the prices in 2015 to the prices in 2017.
The result is illustrated in Table 2.

On the basis of (3), the relative savings in 2017 are 0.39 (i.e. 39%)
as compared to 2015 and on the basis of relation (4), the absolute
savings are equal to 5,588,499.95 CZK. In spite of the increasing inflation
from 2015 to 2017 by 2.2% (from 0.3% to 2.5%) (https://www.czso.cz/,
nd), the unit prices in 2017 are lower as a result of new lower agreed
prices of another supplier for the 2016 - 2018 period of the performance
of the agreement.
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Table 2 — Conversion of the prices of the T-815 tyres acquired in the centralized manner
in 2015 to the prices in 2017 (the current year)
Tabnuua 2 — lNepecyem yeH Ha wWuHbl T-815, npuobpemeHHbIX UeHmMpanu308aHHoO 8
2015 200y, 6 ueHbl 8 2017 200y (mekywul 200)
Tabena 2 — KoHsep3suja yeHa eyma 3a T-815 HabasrbeHux 2015. 2oduHe
ueHmpanu3osaHum rnocmyrnkom Habaske y yeHe u3 2017. 200uHe (mekyha 2o0uHa)

Period — 2017 2015

year

Type of Quantity | Price for | Total price Quantity | Price for | Total price
tyres [pes] | u/m [CZK] |[CZK] [pes] | u/m [CZK] | [CZK]
TYRE 12

R22.5 DM1 | 262 7,792.40 |2,041,608.80 |511 7,792.40 |3,981,916.40
M+S

TYRE
12.00 R20
BS71
ROAD

168 9,105.25 |1,529,682.00 | 199 9,105.25 |1,811,944.75

TYRE
11.00 R20 | 282 8,385.30 |2,364,654.60 |296 8,385.30 |2,482,048.80
NR 55

TYRE

445/65

R22 5 210 13,479.40 | 2,830,674.00 | 451 13,479.40 | 6,079,209.40
BS49

TOTAL 8,766,619.40 14,355,119.35

In case of benchmark prices, a comparison has been used on the
www.heureka.cz web portal. The list prices could not be used due to the
unavailability of the said types of tyres in terms of their exact designation
on the supplier's web portal. The result of the research is Table 3.

According to relations (5) and (6), relative savings of 13% and
absolute savings of 1,045,468.47 CZK have been set. The current
supplier delivers the tyres of the said types for the lowest prices
compared to both 2015 (consumption basket) and benchmark prices; this
is illustrated in Table 2 and Table 3. These prices are in relation to 2018
and their current amount may differ from the benchmark prices in 2017.
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Table 3 — Determination of benchmark prices for the T-815 tyres acquired in the
centralized manner
Tabnuua 3 — OnpedeneHue opueHMUPOBOYHbIX UEeH Ha WuHbl T-815, npuobpemeHHbIx
ueHmparsnu3o8aHHO
Tabena 3 — Odpehusare yeHa beHYMapKuHaoM 3a 2yme 3a T-815 HabasrbeHe
ueHmparnu3ogaHumM rnocmyrnkom Habaske

Period 2017 Benchmark price
— year

Type of Quantity | Price for u/m Total price Quantity | Price for u/m | Total price
tyres [pcs] [CZK] [CZK] [pcs] [CZK] [CZK]

TYRE
12

R22.5 262 7,792.40 2,041,608.80 | 262 9,181.00 2,405,422.00
DM1
M+S

TYRE
12.00
R20 168 9,105.25 1,529,682.00 | 168 9,618.00 1,615,824.00
BS71

ROAD

TYRE
11.00
R20
NR 55

282 8,385.30 2,364,654.60 | 282 9,423.00 2,657,286.00

TYRE
445/65
R22.5
BS49

210 13,479.40 | 2,830,674.00 | 210 15,967.00 | 3,353,070.00

8,766,619.40 10,031,602.00

Quantification of tyre savings in the decentralized
acquisition manner

The quantification of savings in the decentralized manner of the T-
815 tyre acquisition has been aimed at 2014 and 2015 (the current year).
The research in other years was not possible since only one common
item was acquired both for 2015 - 2016 and for 2016 - 2017. The method
selected has been the standard method of the consumption basket
again. The following Table 4 provides an overview of the T-815 tyres
acquired in the decentralized manner in 2015 most often in the unit price
comparison in 2014

The unit prices of the tyre types examined show higher values in
2015 than in the previous year. A total of 26 cost centres were supplied
by three suppliers. In case of TYRE 15.00-21 16PR ET and TYRE 15.00-
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21 MP 913, which were also acquired in the centralized manner, there
was only one supplier during that period who delivered the types of tyres
for the same unit price to 5 cost centres (in 4 cases TYRE 15.00-21
16PR ET, in 1 case TYRE 15.00-21 MP 913) in 2014.

Table 4 — Overview of the T-815 tyres acquired in the decentralized manner in 2014 and
2015
Tabnuua 4 — O630p wuH T-815, npuobpemeHHbix deyeHmpanusosaHHo 8 2014 u 2015
2o00ax
Tabena 4 — Npeaned eyma 3a T-815 HabasrbeHux delyeHmpanu3o8aHUM rocmynkom
2014. u 2015. 200uHe

Period — | 5515 2014

year

Type of | Quantity | Price for | Total price Quantity | Price for | Total price
tyres [pcs] u/m [CZK] | [CZK] [pcs] u/m [CZK] | [CZK]

TYRE 29,738,775.0

15.00-21 | 1,582 18,798.21 0 e 134 17,545.00 |2,351,030.00
16PRET

TYRE

15.00-21 |60 18,876.00 |1,132,560.00 |38 17,545.00 |666,710.00
MP 913

TYRE

25580 |2 8,615.00 [17,230.00 |6 6,413.00 |38,478.00
FH1 SI

TOTAL 30,888,565.00 3,056,218.00

In the following year, the supplier increased this price by 7% on the
average and provided supplies to 22 cost centres (TYRE 15.00-21 16PR
ET) and 1 cost centre (TYRE 15.00-21 MP 913). In this period, the item
of TYRE 295/80 R22.5 FH Sl was delivered by two different suppliers to
2 cost centres (one by one in 2014 and in 2015), resulting in a unit price
difference.

After the necessary conversion of the prices in 2014 to the prices in
2015, Table 5 has been created.

It is evident from Tables 4 and 5 that the prices of the T-815 tyres
acquired in 2015 were higher than those in 2014. The determination of
savings has not been implemented since it achieves negative values, i.e. the
selected commodity savings in 2015 did not occur in relation to 2014. The
investigation of benchmark prices has not been carried out as the
corresponding items of the tyres assessed were not found for the purposes
of comparing the prices of Internet- based shops.
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From a global point of view, savings were achieved within the
decentralized acquisition of tyres, irrespective of the type of vehicles used
only in the comparison of 2015 and 2016 as the current year in the amount
of 44%.

Table 5 — Conversion of prices of the T-815 tyres acquired in a decentralized manner in
2014 to the prices in 2015 (the current year)
Tabnuua 5 — MNepecyem uyeH Ha wuHbl T-815, npuobpemeHHbIXx OeueHmpanu308aHHO 8
2014 200y, 6 ueHbl 8 2015 200y (mekywul 200)
Tabena 5 — KoHsep3suja yeHa eyma 3a T-815 HabasrbeHux 2014. 2o0uHe
OeueHmpanu3oeaHum nocmyrnkom Habaeske y ueHe u3 2015. 200uHe (mekyha eoduHa)

Period —
year

2015 2014

Name Quantity | Price for | Total price Quantity | Price for | Total price
[pcs] u/m [CZK] | [CZK] [pcs] u/m [CZK] | [CZK]

TYRE
15.00-21 | 1,582 18,798.21 |29,738,775.00 | 134 18,798.21 |2,518,960.71
16PR ET

TYRE
15.00-21 |60 18,876.00 | 1,132,560.00 |38 18,876.00 | 717,288.00
MP 913

TYRE
295/80
R22.5
FH1 SI

2 8,615.00 |17,230.00 6 8,615.00 |51,690.00

TOTAL 30,888,565.00 3,287,938.71

Quantification of tyre savings in the comparison of
decentralized and centralized manners of acquisition

When investigating the quantification of savings in the acquisition of
the T-815 tyres, the comparison of two successive years is generalized.
The comparison is carried out in the whole context of the period 2014-
2017 assessed. The reason is the fact that only one item was left when
comparing the acquisition of the tyres for the above-mentioned vehicles
in the centralized and decentralized manner. Table 6 illustrates a
comparison of the unit prices of both manners of acquiring the
commodity concerned.

The data in Table 6 is ranked according to the quantity of the T-815
tyres acquired in the centralized manner and suggests that the centralized
manner of acquiring selected items besides TYRE 15.00-21 16PR ET (the
commodity in question) in the given period does not bring savings to the
relation of decentralized acquisition while using relations (3) and (4).
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The saving values range in negative numbers. After the conversion of
unit prices in the decentralized manner of acquisition to unit prices in the
centralized manner of acquisition, the absolute savings of the decentralized
purchase of the items in Table 6 amounts to 37.09 million CZK, i.e. relative
savings of 44%.

Table 6 — Comparison of the unit prices for the T-815 tyres in the centralized and
decentralized acquisition manners over the period 2014-2017
Tabnuua 6 — CpasHeHue ueH Ha eQuHuuy npodykyuu: wuHbl T-815 npu
UeHmparnu3oeaHHbIX U 0eyeHmpanu308aHHbIX 3aKyrkax 3a nepuod 2014-2017 za.
Tabena 6 — lNopehere jeduHU4YHUX UeHa 2yma 3a T-815 HabasrbeHux
ueHmpanusosaHum u deuyeHmparnu3ogaHuUM rnocmynuyuma Habaske y nepuody
2014-2017. 200uHe

Name of the | Centralized manner of acquisition Decentralized manner of acquisition

commodity Quantity | Price for Total price Quantity | Price for Total price
[pcs] u/m[CZK] | [CZK] [pes] u/m [CZK] | [CZK]

TYRE

15.00-21 4,384 18,521.28 | 81,197,292.00 | 2,380 18,749.35 | 44,623,462.22

16PRET

TYRE

12.00-20 58 9,922.00 575,476.00 12 7,747.03 92,964.36

154J M+S

TYRE

15.00-21 MP | 56 21,175.00 | 1,185,800.00 98 18,359.90 | 1,799,270,00

913

TYRE 11.00

R20 146K 34 9,075.00 308,550.00 6 7,320.61 43,923.66

LET

TYRE 12

R22.5 152L 32 7,852.91 251,293.00 13 6,207.30 80,694.90

FH1

TOTAL 83,518,411.00 46,640,315.14

At this point, it should be noted that there is a difference in the costs
of acquisition in the whole cycle for both manners of awarding public
contracts within the Ministry of Defence when the centralized manner is
more expensive in terms of the number of elements involved in the
acquisition.

Comparison of unit prices of the centralized and
decentralized acquisition manners

The tyres acquired both by the cost centres themselves and also at
the level of the Ministry of Defence have been selected for this study.
Table 7 shows the individual items acquired in the two manners in the
period 2014-2017, irrespective of the type of vehicles:
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Table 7 — Acquired tyre items between 2014 and 2017 in the centralized and
decentralized manners
Tabnuua 7 — MNpuobpemeHHble wuHbI 3a nepuod ¢ 2014 no 2017 200 yeHmMpanu3o8aHHO
u deyeHmpanu308aHHO
Tabena 7 — yme HabasrbeHe y nepuody 0d 2014. do 2017. 200uHe ueHmpanu3oeaHuM
u deyeHmparnu3ogaHuM rocmyrnkom Habaske

Centralized acquisition

Decentralized acquisition

Name and
designation

Quantity
[pcs]

Unit of
measure
[CZK]

Total price
[CZK]

Quantity
[pcs]

Unit of
measure
[CZK]

Total price
[CZK]

TYRE 15.00-
21 16PR ET

4,384

18,521.28

81,197,292.00

6,764

18,601.53

125,820,761.00

TYRE 365/80
R20 152K
MPT

1,596

12,574.99

20,069,689.20

1,624

12,575.48

20,422,578.44

TYRE 12
R22.5 DM1
M+S

882

8,260.21

7,285,507.30

888

8,254.62

7,330,101.56

TYRE 445/65
R22.5 BS49

683

13,623.40

9,304,779.00

861

13,168.06

11,337,700.17

TYRE 215/90
R15 99K

627

1,984.40

1,244,218.80

1,297

1,683.11

2,182,999.71

TYRE 11.00
R20 NR 55

626

8,830.80

5,528,078.60

664

8,751.16

5,810,768.48

TYRE 10.00-
20 OI73 M+S

568

3,920.40

2,226,787.20

588

3,923.20

2,306,840.80

TYRE 12.00
R20 BS71
ROAD

437

9,682,49

4,231,249.00

512

9,180.55

4,700,442.22

TYRE 14.00
R20 160G
M+S

383

17,908.00

6,858,764.00

393

18,006.52

7,076,564.00

10

TYRE 7.50
R16 C
116/114N

379

4,235.00

1,605,065.00

937

3,902.44

3,656,584.24

11

TYRE 8.25-20
10PR NT 8

312

4,505.08

1,405,584.40

4,719.00

18,876.00

12

TYRE 12
R22.5 FM1
VECTOR

310

8,228.00

2,550,680.00

360

8,110.36

2,919,730.00

13

TYRE 205/80
R16 104T
M+S

192

1,996.50

383,328.00

363

1,927.29

699,605.06

14

TYRE 325/85
R16 137J
XML

164

30,719.32

5,037,968.70

183

30,636.30

5,606,443.70

15

TYRE 12.00-
20 154J M+S

58

9,922.00

575,476.00

70

9,549.15

668,440.30

16

TYRE 15.00-
21 MP 913

56

21,175.00

1,185,800.00

154

19,383.57

2,985,070.00

17

TYRE 11.00
R20 146K
LET

34

9,075.00

308,550.00

40

8,811.84

3562,473.65
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Centralized acquisition Decentralized acquisition
Name and Quantity zg;g:re Total price Quantity zg;g:re Total price
designation [pcs] [CZK] [CZK] [pcs] [CZK] [CZK]
TYRE 215/70
18 | R15 109R 32 2,947.56 94,321.92 34 2,360.08 80,242.82
ZIM
TYRE 12
19 | R22.5 152L 32 7,852.91 251,293.00 45 7,377.51 331,987.90
FHA1
11,755 |10,313.81 151,344,432.12 | 15,781 | 10,048.51 204,308,210.05

The items in Table 7 are ranked in descending order according to
the frequency of the centralized acquisition manner. From the global
point of view, it can be stated that the decentralized acquisition manner

prevails quantitatively within the above-mentioned

items.

For the

investigation of unit prices when comparing the decentralized and
centralized acquisitions, the data were ranked in the descending order
according to unit prices, as shown in Table 8.

Table 8 — Unit prices of the tyres acquired in 2014-2017 in the centralized and
decentralized manners
Tabnuua 8 — Nowmy4Has ueHa Ha WuHbl, npuobpemerHbie 3a nepuod 2014-2017 ee.
UeHmMpanu308aHHbIM U 0eyeHmpanu308aHHbIM Memodamu 3aKynoK
Tabena 8 — JeOuHu4yHe yeHe eyma HabasrbeHux y nepuody 2014—2017.
ueHmpanu3oeaHum u deyeHmpasnu3oeaHuUM NocmynKkom Habaeke

ltem | CENTRALIZED ltem | DECENTRALIZED

number | PURCHASE Unit price number | PURCHASE Unit price
TYRE 325/85 R16

1 TyRE 320 30,719.32 |1 TYRE 325/85 R16 137J XML | 30,636.30

2 ;I;E 15.00-21MP |51 17500 |2 TYRE 15.00-21 MP 913 19,383.57
TYRE 15.00-21

3 i 18,521.28 |3 TYRE 15.00-21 16PRET | 18,601.53
TYRE 14.00 R20

4 T 17,008.00 |4 TYRE 14.00 R20 160G M+S | 18,006.52

5 E\S(4RQE 445/65R22.5 | 1369340 |5 TYRE 445/65 R22.5 BS49 | 13,168.06
TYRE 365/80 R20 TYRE 365/80 R20 152K

6 oo 12,574.99 |6 o 12,575.48
TYRE 12.00-20

7 e 992200 |7 TYRE 12.00-20 154J M+S | 9,549.15
TYRE 12.00 R20 TYRE 12.00 R20 BS71

8 N 968249 |8 G 9,180.55
TYRE 11.00 R20

9 v 9,075.00 |9 TYRE 11.00 R20 146K LET | 8,811.84

10 L\F({RS%”'OO R20 1883080 |10 TYRE 11.00 R20 NR 55 8,751.16
TYRE 12 R22.5

11 N 826021 |11 TYRE 12 R22.5 DM1 M+S | 8,254.62
TYRE 12 R22.5 TYRE 12 R22.5 FM1

12 TIRE 2R 822800 |12 i 8,110.36
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ltem | CENTRALIZED ltem | DECENTRALIZED
number | PURCHASE Unit price number | PURCHASE Unit price
TYRE 12 R22.5
13 e 785291 |13 TYRE 12 R22.5 152L FH1 | 7,377.51
14 LY&E 8.25-2010PR | 4 50508 | 14 TYRE 8.25-20 10PRNT 8 | 4,719.00
15 TYRE750R16C | 493500 |15 TYRE 10.00-20 OI73 M+S | 3,923.20
116/114N
TYRE 10.00-20
16 I 3,92040 |16 TYRE 7.50 R16 C 116/114N | 3,902.44
17 HEFEZZI:\AE’”O RIS 1504756 |17 TYRE 215/70 R15 109R ZIM | 2,360.08
TYRE 205/80 R16 TYRE 205/80 R16 104T
18 e 199650 |18 e 1,027.29
19 ;gEE 2150 R15 | 4 98440 |19 TYRE 215/90 R15 99K 1,683.11

After arranging the unit prices in the descending order, the order of
items acquired in the centralized manner corresponds to the items that
were acquired in the decentralized manner, except the items under order
numbers 15 and 16. To calculate the basic test criterion t, it is necessary
to determine the differences of the individual unit prices of both manners
of acquisition, as shown in Table 9.

Table 9 — Expression of the unit price differences of the centralized and decentralized

acquisitions

Tabnuua 9 — PasHuya 8 yeHe npu yeHmpanu3o8aHHOM U OeyeHmpanu3o8aHHOM
memodax 3aKyrnKu

Tabena 9 — Pasnuke y jeQUHUYHUM UeHama rpu YeHmpanu3oeaHoM U
deuyeHmpanu3o8aHoM rnocmyrky Habaske

Item Name of the item acquired Unit of measure of | Unit of measure Difference
number the centralized of the di

purchase decentralized (Xi-yi)

(x) [CZK] purchase [CZK]

() [CZK]

1 TYRE 325/85 R16 137J XML 30,719.32 30,636.30 83.01697
2 TYRE 15.00-21 MP 913 21,175.00 19,383.57 1,791.429
3 TYRE 15.00-21 16PR ET 18,521.28 18,601.53 -80.2517
4 TYRE 14.00 R20 160G M+S 17,908.00 18,006.52 -98.5242
5 TYRE 445/65 R22.5 BS49 13,623.40 13,168.06 455.3347
6 TYRE 365/80 R20 152K MPT 12,574.99 12,575.48 -0.4861
7 TYRE 12.00-20 154J M+S 9,922.00 9,549.15 372.8529
8 TYRE 12.00 R20 BS71 ROAD 9,682.49 9,180.55 501.9408
9 TYRE 11.00 R20 146K LET 9,075.00 8,811.84 263.1587
10 TYRE 11.00 R20 NR 55 8,830.80 8,751.16 79.63914
11 TYRE 12 R22.5 DM1 M+S 8,260.21 8,254.62 5.593484
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Item Name of the item acquired Unit of measure of | Unit of measure Difference
number the centralized of the di

purchase decentralized (Xi-yi)

(xi) [CZK] purchase [CZK]

(yi) [CZK]

12 TYRE 12 R22.5 FM1 VECTOR 8,228.00 8,110.36 117.6389
13 TYRE 12 R22.5 152L FH1 7,852.91 7,377.51 475.3974
14 TYRE 8.25-20 10PR NT 8 4,505.08 4,719.00 -213.922
15 TYRE 7.50 R16 C 116/114N 4,235.00 3,923.20 332.5622
16 TYRE 10.00-20 OI73 M+S 3,920.40 3,902.44 -2.79864
17 TYRE 215/70 R15 109R ZIM 2,947.56 2,360.08 587.4771
18 TYRE 205/80 R16 104T M+S 1,996.50 1,927.29 69.21333
19 TYRE 215/90 R15 99K 1,984.40 1,683.11 301.2853

Using the relations of the two-sample t-test (7), the test criterion
t=2.65 has been determined. Since the values of the Student’s
distribution quantiles t,(18)=1.734 and t, . (18)= 2.101are lower than t

and correspond to relations (10) and (12), it can be stated that at the
significance level of 0.05 there is a difference between the prices of the
centralized and decentralized acquisitions, i.e. the prices of the
centralized acquisition are higher.

Conclusions

The managing body for awarding public contracts within the Ministry
of Defence is responsible for quantifying the savings and transferring the
data together with the evaluation of the past year to the system
administrator. On the basis of the application of the Methodology for the
Quantification of Savings using the consumption basket method, it can
be stated that in the selected subject of the research there were partial
savings in the centralized and decentralized manners of acquisition in the
given period.

When comparing the centralized and decentralized acquisitions using
the above-mentioned method, it has been found that, for the selected tyre
items, partial savings of 44% were achieved in the decentralized manner.
This assertion is also supported by the statistical method of the two-sample
t-test of the difference in unit prices of the two manners of acquisition.

Under the current law (http://www.portal-vz.cz/getmedia/abd1a02e-
3ef8-44a7-9a8c-a06037a6e007/Z2ZVZ/, 2018), it is possible to apply its
provisions on operating units that could acquire the given items in a
decentralized manner at the estimated value of the public contract over 2
million CZK excluding VAT. The Ministry of Defence has given its approval
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to determine the "operating unit" status. Thus, cost centres could acquire
assets with lower cost loads throughout the acquisition cycle flexibly and in
compliance with the 3E principles.
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MPOBNEMbI KBAHTUOUNKALIMN SKOHOMWU MPU 3AKYTIKAX

PomaH Boxocka, Spomup Mapec
YHuBepcuTeT 060poHbI B I. BpHO, PaKkynbTeT BOEHHOIO ynpaBreHus,
r. bpHo, Pecny6nuka Yexus

PYBPUWKW: 78.75.00 BoeHHasi 3kOHOMUKa;
78.75.73 CTaTUCTUKA, Y4ET U OTYETHOCTb. TEXHMKO-
3KOHOMWYECKUIA aHann3 B BOEHHOM aerne

BWO CTATbW: opurmHanbHasa HayyYHas ctatbsl

A3bIK CTATbW: aHrnuickumn

Pe3some:

B cmambe onucaHbl cmaHdapmHbie MemoOb! onpedernieHusi 9KoOHoMUU
npu  npuobpemeHuu cpedcme, Komopble He  rodpasymesarom
obsisameribHy0 OUEHKY UEeHMmMpanau308aHHoU cucmembl MpUHAMUS
peweHul, a makxe MemoOosIo2uU KeaHmMuUKayuu 3KOHOMUU,
npednucaHHyt0 MuHucmepcmeoMm peauoHarbHo20 passumusi Heuwickou
Pecnybnuku. [JaHHbIl npoyecc onucaH Ha rnpuMepe UeHmpanu308aHHbIX
u OeueHmparnu308aHHbIX 3aKyrnoK WUH, MpuobpemeHHbIx Ors HyX0
Murucmepcmea ¢ 2014 no 2017 200. [llpu OeueHmparnu308aHHbIX
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3aKyrikax oxudaemcsi 6orbwasi cmerieHb 6apuaberibHOCMU KaK 8
OMHOWEeHUU UeHbl, maK U 8 OMHOWEHUU Konu4yecmea rnocmasujukos.
lMpu ueHmMpanu3o8aHHbIX 3aKyrnkax npedycMompeHa MOCMOSHHOCTb
UeH, TMOCKOMbKy C rnocmaswukoMm nodnucbigaemcsi 002080p Ha
osyxriemHull cpok Oelicmeusi. Cmamucmudeckue memodbl — Memood
nposepku auromesb! 6bir1 MpUMeHeH Oris CpasHEeHUs UeH 3a eGuHULY
rpodyKyuu fpu 3akyrnkax oboux sudos. T-kpumepuli 6bir1 NPUMeHeH Orisi
CpasHeHUs1 CPeOHUX 3Ha4YeHULl 08yx 2pyrirn 8bIOOPOK, C UErIbio 8bISIBIIEHUST
pasHuUUbl 8 Konudecmee ¢buHaHCOB8bIX pecypcos. bbifio ycmaHo8sneHo,
4Ymo yeHbl 3a eQUHUYY MPU UeHmpanu308aHHbIX 3aKyrkax Obiiu ebiue,
4yeM yeHbl 3a €eOuHuuy npu OeueHmpasnu30o8aHHbIX  3aKyrKax.
CnedosamenbHO, UeHMPanu3o8aHHbIl Memod 3aKkyrok obxodumcs
dopoxe, Yem OeueHmparu3o8aHHbIU Memoo.

Knouesbie croga: abcomomHasl 3KOHOMUS, UeHMpPanu308aHHbIe
3aKynku, OeyeHmpasu3oeaHHble  3aKyrnku, MemoObl,  WUHBI,
omHocumesibHasi 3KOHOMUSI, Cmamucmuka.

MPOBNEMN KBAHTUOUKALWMJE YWUTEAE NMPUITMKOM HABABKE
CPEOCTABA

PomaH Boxocka, Japomup Mapec
YHuBepanuteT oabpare y BpHy, ®akynteT BojHOr pykoBohekrba,
BpHo, Yelwka Peny6nvka

OBJIACT: BojHe Hayke, CTaTUCTUKa
BPCTAUJIAHKA: opuruHanHu Hay4Hu paj
JE3MKUJIAHKA: eHrnecku

Caxemak:

Y pady ce onucyje npumeHa cmaHOapdHuUx memoda odpehusar-a
ywmede npu Habasyu cpedcmasa Koja He Hamehy obagesy
esariyayuje ueHmpasnu3oeaHoez  cucmema  00fy4usarba u
memodosioeuje 3a KeaHmugbukayujy ywmeode Kojy je nponucasno
MuHucmapcmeo peesuoHanHoe pa3seoja Penybnuke Yewke. OnucaHu
npouec oOHOCU ce Ha 2yme HabaerbaHe UeHmMpasu3o8aHUM U
OeuyeHmparnusogaHuM rocmyrnkom 3a nompebe MuHucmapcmea
00bpaHe y nepuody 2014-2017.eod0uHe. lNpu deyeHmpanu3oeaHoOM
rnocmyrky o4yekyje ce euwa eapujaburTHocm, Kako KOO jeQUHUYHUX
ueHa, mako u kod 6poja cHablOesaua. [lpu ueHmMpanu3oeaHoOM
nocmynky npedsufla ce KOHCMaHmMHU HUBO UeHe, jep je cHablesay
ucmu mokoMm uyenioe 0ozoeopeHoe rnepuoda cHablesara 00 0Ose
2o0duHe. Cmamucmuyke memode — mMemode mecmupara xuriomese
Kopucme ce 3a nopehewe jeQUuHUYHUX ueHa y oba mnocmyrka.
KopuwheH je m-mecm 0sa y3opka 3a ropeherme npoceqyHux
gpedHocmu 0se epyrne y3opaka Kako bu ce odpedusia pasiuka y
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KOMUYUHU (bUHaHCUjCcKux useopa. YmeplheHo je da cy jeduHu4He ueHe
ueHmarnu3osaHe Habaske suuie 00  jeQUHUYHUX ueHa
OeueHmparnu3oeaHe Habaeke, na ce Moxe 3aK/bydumu Oa je
ueHmparsnu3oeaHu rnocmynak Habaske CKyn/bu o0
deueHmpanu3oeaHoa.

KrbyyHe peyu: anconymda ywmeda, yeHmpasnu3osaHa Habaeka,
OeuyeHmparsnusogaHa Habaska, memoode, eyme, perlamusHa yuwmeoda,
cmamucmuka.
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Abstract:

The E-government services depend on many archived documents mostly
scanned and partially described to be machine searchable in order to be
found fast and to offer appropriate responses to citizens and to the
government personnel as well. In order to improve the existing state, the
hybrid solution based on the previous research results is presented. This
paper presents an in-depth view of the Web solution that combines
different technologies on both the client and the server side thus improving
regular search services amd making them accessible to people with
dissabilities (e.g. blindness).

Key words: text search, text similarity, speach recognition, metadata
exploitation.

Introduction

Contemporary document management systems provide different
ways for storing and searching the archived content. However, there are
many documents used in government affairs, archived in formats that are
not appropriate for searching tasks. They are often in a paper format. To
make such archives digitalized, the offered software solutions include
scanning of documents, saving them mostly in PDF/A (portable
document format for archiving) and storing them on some shareable
repository, relational or non-normalized (NoSQL) database, as a core of
some CMS (content management system), or some more advanced
system (Asili & Tanriover, 2014, pp.57-67).
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For making them searchable, one has to make these documents
machine-readable first. Without converting scanned content into text, the
describing process is inefficient. Fortunately, there are many OCR
(Optical Character Recognition) solutions on the market designed for this
purpose (e.g. ABBYY Fine Rider as a commercial one, or FreeOCR as a
desktop solution, etc.). By using this software, the scanned content,
previously readable only for humans, becomes machine-readable. This is
a prerequisite for performing a text analysis and making a static footprint
for each document. In contemporary CMS, this is usually the last phase
in making their content searchable for further exploitation.

Sometimes this is not enough. Especially in e-government services
where the users (other Web based applications and services as well as
government staff and citizens) demand high reliability and accurate
response. There should be additional information that describes the
documents in a better and more efficient way. Adding this information
needs engagement of extra resources — people who should better
describe the meaning of a document than machines do. Unfortunately,
the personnel responsible for it are not always competent enough.
Moreover, introducing people into the process significantly slows it down.
Consequently, a document will be found only if there is a hundred
percent matching of the title, the key words, or some other specific
property within the search criteria. If IT designers try to make such a
system more flexible, another problem arises: flexibility causes too many
hits (results) that are not useful for further processing.

Overcoming the described situation represents one of the basic
motives for the project. It is not possible to perform advance search in
order to obtain fast fact finding (and offering appropriate responses to the
citizens and to the government personnel) based only on the document
features presented in some standard format (e.g. Dublin Core,
http://dublincore.org/documents/dces/). This paper presents the results,
collected experiences and considerations on this matter.

Problem Description and Existing Solutions

The previously described process for preparing archived content for
further search brings all types of documents to the same level of
complexity. These are text documents presented in different formats
(PDF, DOC, DOCX, ODT, etc.). Different formats include a lot of non-
informational content intended just to keep the content structure and
presentation. Practically, this part of a document does not contain
information interesting for users and introduces information noise
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(Watson, 2009). On the other hand, removing the format data converts a
text from structured into a plain format, which can lead efforts in the
wrong way.

There are already implemented technologies for separating useful
document content from its formatting part. For instance, Apache Tika
(Mattmann & Zitting, 2012) represents a software solution for text
filtering. In other words, it extracts text and metadata from almost every
standard document format. It separates these two and enables their use
for further searching.

On the other hand, there are software solutions focused on grouping
a huge number of distributed documents, based on their similarity. A
good example for such a solution is a combination of Mohout (Owen et
al, 2011) (analyzing and clustering tool) and Hadoop (Sammer, 2012)
(top framework for large scale concurrent processing). Both are the
Apache projects dedicated for improving advanced search capabilities.
Besides open-source solutions, there are also commercial ones. Upon
purchase, contractors deliver released packages as unchangeable black
boxes (Asili & Tanriover, 2014, pp.57-67). Also on demand, they can
customize delivering for specific purpose, which consequently results in
extra costs of software products.

From the technology prospective, there are programming languages
that offer support for advanced search. For instance, the Python libraries
and especially the Natural Language Processing Toolkit (NLTK) (Bird et
al, 2009) have built-in, high-level linguistic functions that provide powerful
processing of linguistic data contained in different document formats
such as XML (xml.etree library), MS Word (pywin32 library), PDF (pypdf
library), RSS feed (feedparser library), email (imap and email libraries).
Moreover, there are libraries that represent interfaces for access to data
stored in DBMS (e.g. mysql-python library), or large document collections
(e.g. pylucene library). Different from other systems, the NLTK can
analyze the content semantically. It offers numerous functions providing
the rule-based inferring on textual content. On the other hand, there are
grammars (knowledge bases stored in fcfg files) that hold definitions of
rules. The NLTK recognizes the meaning of the content by trying to
match the patterns in content’s sentences with the patterns defined in the
rules. Sequentially, each matching produces a true or a false result and
finally, the system can find a meaning of the content analyzed. The NLTK
supports the rule-based grammars formalized by the Propositional Logic
as well as the First Order Logic.

The main disadvantage is that the Python libraries best fit the
content written in English and there is a lot of room for contributions for
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other languages. For instance, one can translate grammars and adapt
them to a language other than English. For instance, there is Serbian
WordNet — the lexical database of Serbian language (Serbian-
dictionary.com/wordnet) [X], based on English WordNet designed by the
Princeton University. Consisting of almost 2500 records named synsets
(words in the basic form enriched with synonyms), it enables a
semantical analysis and translation of the content written in Serbian.
Alternatively, translating sentences into English and analyzing them
afterwards, represents another solution.

Going deeper into the problem domain, there are pure mathematical
solutions that can overcome the non-English content search problem and
avoid complex solutions based on lexical analyses. It depends on
similarity measures performed on statistically transformed text content
and query strings. TFIDF (Yang & Chute, 1994) represents one of the
most used statistical measures. This is a combination of term frequency
(hereinafter TF) and inverse document frequency (hereinafter IDF). TF
represents the number of term occurrences in the text modified in order
to express term significance (Simi¢, 2015). A term can be one word (any
part of speech), or a collocation (phrase, or a few words frequently
appearing together). IDF is another measure that expresses significance
of a term regarding to the whole (usually huge) set of documents
considered. This way, IDF acts as a corrective factor for each term
considered. In the further processing, the advanced search system
measures the documents’ similarity based on TFIDF, clustering them
based on their mutual similarity. Finally, the statistical model and indexes
represent the documents that are clustered and ready for search. Then
the system is ready for exploitation, which means it transforms the
search criteria in the same way as documents in order to measure the
similarity with them. The most similar documents represent the search
result. The statistical transformation of the content includes the term
normalization (part of speech should be put in single, neutral / infinitive
form — lemmatized) and elimination of so-called stop words (articles,
pronouns, propositions, conjunctions, and interjections). As it needs the
existence of an appropriate language knowledge base, the conclusion is
that there is no one pure mathematical solution which is language
neutral.

Proposed Solution

Although many technologies support advanced document search,
the results still depend on a search language. In other words, there
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should be institutions responsible for forming textual and lexical
resources at the national level. These resources should be accessible for
advanced search services over the Internet.

On the other hand, if one tries to avoid language dependency by
implementing pure mathematical functions and by using only quantitative
values, without combining the semantical similarity in comparison with
document content and search criteria, the results can be below
expectations. Simplicity represents the biggest advantage of such
systems.

There are several ways for obtaining the communication between
software modules written in different programming languages. The oldest
one is by using language native interfaces. The results can be below
expectations as it can be very complex for implementation and inflexible
in case of language version changes. A more flexible and easier solution
is using already built modules (well known as bridges) that establish the
black — boxed, but reliable communication channel, free of a lot of coding
and cleaned from many implementation details. For instance, if one
wants to couple Java and Python clients, there is a bridge named Py4J
(https://www.py4j.org/) referenced from both clients as a gateway server
application. Several solutions use this approach (Svyatkovsky et al,
2016) for advanced text processing. Moreover, many flexible solutions
offer different ways for cross language communication. One of them is
Apache ActiveMQ (http://activemq.apache.org/) that represents cross
language support for information exchange between application clients
written in different programming languages offering many different
protocols for this purpose.

Considering the facts mentioned above, the proposed solution
should be a modular one, a flexible hybrid system that can establish the
connections with different resources useful for text processing and
information retrieval.

Frontend (Client) application

The basic components of the system are the HTML5 based client
application(s) on the frontend, RESTful based services as a fagade
(Facade design pattern) of the backend part, intermediate interfaces and
modules that provide different stages of processing user inputs (speech
to text transformation, text normalization), generating queries and making
searching request sent to different resources. By using HTML5 based
technologies (e.g. Angular and Typescript JS libraries and Bootstrap
frameworks), the client applications can adapt the user interface for any
kind of platform (smartphone, tablet, or laptop).
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The server side delivers a client application on demand. On the
client side, the Web browser hosts it and takes the responsibility for
further data exchange. This way, the client application is platform
independent. The Fat client application performs all necessary
preparations on user input (query). The client application has a full
multimedia support (particularly multimedia recording) and therefore,
there are two possible scenarios of usage — voice and textual search. In
the first case (Figure 1), the client obtains the voice search that can be
especially useful for users on the move. The client application uses the
Google Cloud Text — to — Speech service (hereinafter the GCTtS service,
https://cloud.google.com/text-to-speech/) for this purpose. The client
application uses Web Speech API for recording the voice query, sends it
to the service and receives the textual query for further processing.

5 -

Js JSON
HTMLS -
client

Search Engine

©9 |00
Google Cloud @_p‘“‘ﬂ"%@
Text-to-Speech | — Vebran —

Figure 1 — Frontend — Backend communication with speech recognition
Puc. 1 — B3zaumodelicmaue ronb308amesibCKol U cepgepHol Yacmeli cucmeMsl
Cnuka 1 — KomyHukauuja usmely knujeHmckoz u cepsepckoa desnia cucmema

The GCTtS service supports almost 150 languages. Among others,
there is a support for Serbian language. On the other hand, the client
application has Serbian as a predefined language. As this is a
parametrized value, it is changeable on demand. The client side
application uses Web Speech API for establishing the communication
channel to the GCTtS service, preparing it for Serbian speech recognition
and for emitting the recorded voice query. On the other hand, the GCTtS
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service is responsible for processing this request and for responding with
the voice query transcript as a result. The gRPC (https://grpc.io/) protocol
represents the flexible framework for this kind of communication. It
enables sending audio files as well as establishing audio streams in the
client—to—server direction. Transcriptions are the results in any case. In
the same time, they represent the queries that client sends to the server
side of the system.

Further, as the Serbian language has rich morphology, in both
scenarios the client application continues with the preparation of a query.
A particular module called ‘normalizer’ processes the query, preparing it
for comparison with the content on the server side of the system. This
‘preprocessing’ includes several transformations: converting verbs into
the infinitive form, nouns into the singular form, removing stop words,
converting nouns into the 1% case (nominative). The client application
uses the service named Vebran (hit.rgf.bg.ac.rs/VeBran) for this purpose.
This service provides all morphological forms for the term given as an
input in both Cyrillic and Latin letters. As a term can be one or more
words, the Vebran service expands the initial query with these forms. The
client application uses only the basic forms of the words consisted in the
initial query preparing the new one. Further, the client application sends
the transformed query as a RESTful service request to the search engine
on the backend side.

Backend architecture

Backend architecture supports three main functionalities of the
system: extraction of useful content and metadata from original
documents (accessible on the local repositories or over the network),
document indexing and clustering and advanced search (Figure 2).
Firstly, the system processes documents in order to clean all non-
information content and to extract metadata useful for searching. Such
content represents a searchable form of the original document and the
system stores it in the local document storage. There is not heavy load
for local storage as this is a pure textual representation.

Secondly, the system analyzes this searchable formatted content
and performs its indexing. Through this process, the system creates the
new data forms (files) that contain statistical information and indexes
necessary for fast finding and advanced search ability.
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Indexing &
Advanced
Search

Figure 2 —Overall backend architecture
Puc. 2 — Apxumekmypa cepgepHoli Yacmu cucmembl
Cnuka 2 — Apxumekmypa cepgepckoe dena cucmema

The system is ready for advanced search only if it has previously
performed both of the operations described above. It accepts clients’
requests through the Web service forwarding them to the search engine
in the middle of the system. Further, the system returns the search
results in the form which consists of titles, short descriptions and links to
the original documents.

Backend Preparations

As mentioned in the previous section, to be ready for exploitation,
the proposed framework should have the content (documents) prepared
for searching. There are several phases necessary for this purpose. The
text filtering for both the information and the metadata found in different
types of documents is the first one - ‘Filtering’ phase (Figure 3). The
proposed solution uses the Apache Tika framework for this purpose. It
performs the extraction of useful content from many different document
formats (for instance, MS Word, Excel, PDF, various open document
formats etc.). Further, the system creates a JSON formatted plain
document representation from the extracted content and puts it in the
appropriate document storage.
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Figure 3 — Framework Backend 1st phase - ‘Filtering’
Puc. 3 — lepebiti aman obpabomku OOKyMeHmMo8 Ha cepsepe - OQuucmka
Cnuka 3 — lNpea ghasa obpade dokyMeHama Ha Cep8epcKoj cmpaHu — npedyuwhasare

In other words, the proposed solution generates two separate flat
text documents for each document. As they differ in size and structure,
the solution uses the MongoDB (NoSQL document database,
docs.mongodb.com) as storage for non-normalized content. It enables
easy document manipulation. Moreover, it provides indexing and making
descriptive queries on documents. However, it does not have a support
for the Serbian language (only 15 languages are supported) and for this
reason, it is not appropriate for advanced search. Therefore, the solution
uses the Apache Solr (https://lucene.apache.org/solr) indexing and
search platform that can use the Python libraries for this purpose. It
happens in the next phase named ‘Indexing’ (Figure 4).

Documents storage

Figure 4 — Framework Backend 2nd phase - 'Indexing’
Puc. 4 — Bmopoti aman obpabomku 00KyMeHmos Ha cepsepe - IHOekcuposaHue
Cnuka 4 — [pyza ¢haza obpade 0oKymeHama Ha Cep8epcKoj cmpaHu — UHOeKcupare
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There is a separate Solr core — the logical instance of the interface
created for indexing remote content (stored on the MongoDB). On the
other hand, the MongoDB setup enables the Solr indexing server to
access the documents stored in the database. The data exchange
happens over the Mongo Connector (created by Mongo Labs but
community maintained by YouGov, Plc). For safety reasons, the Solr
performs indexing on temporary created documents’ replicas delivered
through the connector instead the originals stored on the Mongo DB. The
Solr supports the indexing of documents written in Serbian (in both
Cyrillic and Latin letters). Moreover, the framework additionally improves
the indexing by using the Python library named SolrClient. Before
indexing, it enables full specification of particular fields that represent the
documents, mapping them to the appropriate stop-word, synonyms and
normalization filters. This way, it optimizes the indexing process and
improves the searching results. Next is the code fragment that points to
the important parts of the JSON request used for remotely setting up the
Solr server in order to perform the indexing of documents written in
Serbian (Figure 5).

3 {"add-field-type":{"name" :, "class":"solr.TextField", "positionIncrementGap™: "100",

[EX]

"filters": [{"class":"solr.StopFilterFactory”, "ignoreCase": "true" "words": "stopwords rs.txt"l},
{"class":"solr.SynonymFilterFactory", "synonyms":['index synonyms.txt|,
"ignorsCase":"true" "expand":"false"},
{"class":"solr.LowerCaseFilterFactory"},

{"class":|"solr.SerbianNormalizationFilterFactory” "haircut":"bald"}]}},
"add-field" : {"name":"tekst" ['type":"text rs"}"multiValued":"true",

Figure 5 — JSONized request that sets up the Solr server for indexing in Serbian
Puc. 5 — Hacmpotika cepbckozo si3bika Ha cepsepe Solr
Cnuka 5 — lNodewasar-e Solr cepeepa 3a CPricKu je3uk

The set up statement includes the document’s field to be indexed
(text_rs in the figure above), and links it with the appropriate content
analyzer. Further, the analyzer's set up consists of different types of
filters. In the example above, there are four different filters included. The
first one is for finding and excluding the Serbian stop words (see Problem
Description) from the indexing process. The second filter is for
recognizing synonyms in the Serbian dictionary. The third one converts
letters to the lower case. The last one preforms the text normalization.
After the customization through the set up request, the Solr is ready for
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indexing. This process includes the text analysis in the same order as
the filters are enlisted in the set up statement.

The system performs indexing on the set of documents stored in the
MongoDB by importing the fields specified for indexing (the Solr uses
solr-mongo-importer and solr-dataimporthandler libraries for this
purpose). In other words, the MongoDB consists of whole documents
while the Solr stores only the fields, their statistical properties, important
for search and references to the documents of origin. This way, the
system keeps the data redundancy at the minimum level.

During the exploitation, if there is a new document stored in the
MongoDB (after passing the Tika extraction), the system updates the
indexes (simple add method call) immediately as the Solr is already set
up. Only if there is another field of interest in the searching process, the
Solr should explicitly reset before indexing.

Exploitation (Case Study)

When the user accesses the system URL, it delivers the reach client
searching application implemented in HTML5 and JS (Bootstrap)
technologies. This way, the client application has an adaptable layout
regarding the concrete display dimensions. The next illustration shows
the user interface adapted for a smartphone (Figure 6). The user
interface contains a text field for typing and showing the search criteria,
navigation buttons, the execution button and the voice search button.

assss Telenor = 07:18 < % 72% WL

HOBYaHa Ka3Ha

Figure 6 — Adaptable client applicaiton layout
Puc. 6 — AdanmusHsbili nonb3o8amersbcKuli uHmepaghelic
Cnuka 6 — lNpunazodrbue uHmMepghejc KnujeHmcke annukayuje

In the shown example, the user performed voice search. He can
start and stop recording by toggling the voice search button. The client
application uses simple mouse-over JavaScript to generate audio
descriptions of each button. It helps people with disabilities (e.qg.
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blindness) to find the toggle button for start / stop recording. The next
illustration shows the most important code fragments for the voice search
implementation (Figure 6). As mentioned before, the client application
uses WebSpeech API for this purpose. The application firstly creates the
instance of the SpeechRecognition class. This class encapsulates
speech recognition functionality hiding implementation details such as
voice recording by microphone, sending the recorded voice as a byte
array to the Google Cloud Speech-to-Text service and receiving the
transcript responded from the service.

Recording starts by calling the start method on the
SpeechRecognition object (Figure 7). The application will render the talk
immediately after start, simultaneously sending it to the remote service.
The service also responds immediately. The client catches the results by
the onresult event handler. The service response is structured and it is
accessible over the event object. It consists of an array named results.
This array, among other properties, contains the transcribed text held in
the transcript object.

<textarea id="recognizedText" rows= cols=50></textarea>
<button id="k onclick="toggleStartStop () "></button>
<script type=" javascript">

var stat;

|var speschRecognition = new SpeechRecognition(); |

speechRecognition.onresult = function (event) {
for (var i = event.resultIndex; i < event.results.length; ++i)} {
if (event.results[i].isFinal) {
recognizedText.value += event.results[i][0].transcript;
}
}

}

</script>

Figure 7 — Fragment of the client application code for voice search
Puc. 7 — ®pazmeHm rnonb308amernbcKo20 Koda Orisi 201008020 roucKa
Cnuka 7 — ®pasmeHm KrujeHmcKoe Koda 3a er1acosHy rnpempazy

As described, the client application performs the normalization of the
transcript forwarding it to the Vebran service encapsulated in the class
named NormalizationService (Figure 8). The implementation of this
functionality is in the method named getNormalized. This method sends
the transcript previously changed into the query form to the service over
the http get request, and returns the service response.
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import { Obserwvable } from 'rxjs/Chservable’

@Injectable()
export class NormalzationService {
private serviceUrl = 'http://....../vebran/../"

getNormalized(transcript: Solrguery): Chservable<string> {
let g = transcript.get() ;

var response = this.http.get(this.serviceUrl + q)
.map (response => response.json() as string)
.catch(this.handleError) ;

return response;

}

Figure 8 — Fragment of the client application code for the normalization of the search

query
Puc. 8 — ®pazmeHm nosnb3osamersnbckoeo Koda drnd Hopmanusayuu 3anpoca
Cnuka 8 — ®pazameHm KnujeHmckoe koda 3a Hopmarnusauyujy ynuma

The client application makes the services mutually synchronized by
defining the service call methods (in classes that encapsulate them)
Observable. The next code presents the important parts of the
performSearch method (Figure 9). This method uses the Vebran service
by calling the observable getNormalized method. Further, it
synchronously calls the Solr service and updates the user interface with
the search results.

rerformSearch(transcript:SolrQuery) :void{

let getDlfs = this.NormalzationService.getNormalized(transcript)
.map (query => this.storeResults(query),

) .mergeMap (response => this.SolrService.getResults (query)

) .subscribe (
response => this.updateSolrResults (response),

)

Figure 9 — Using the Vebran service
Puc. 9 — Ucnonb3osaHue cepesuca Vebran
Cnuka 9 — Kopuwhere Vebran cepsuca
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The Vebran response represents the plain string of all search criteria
forms (singular, plural, in all cases) separated with a semicolon: HogyaHa
Ka3Ha;HO8YaHUM Ka3HaMa,HogYyaHa Ka3HO;HO84YaHOM Ka3HOM;HO84aHy
KasHy;novCana kazna;novCanim kaznama;novéana kazno;novéanom
kaznom;novéanom kaznom. Before calling the Solr service, the client
application composes the search query by using the normal forms of the
each word. Consequently, it calls the getResult service method passing
the query and waiting for the service response. Finaly, the returned result
is rendered thorough the synchronized (by the subscrybe function)
updateSolrResults method. The server side receives the search queries
in the pure text (JSON) format.

The server side RESTful controller service acts as a fagade [X] of
the backend system. It propagates the request to the Solr server for
searching the indexed fields. The Solr returns the result records that
contain references to the documents. Further, the server application uses
these references to find the documents stored in the MongoDB. Such
approach provides fast finding of the parts of documents large in size and
with a complex structure. Finally, the service returns the name and the
part of the text that matches the criteria for each resulting document
(Figure 10).

(Clan bt Reievanincat 100

Opste odredbe o novcanoj kazni (1) Novéana kazn:

iz koristoljublja novéana kazna kao sporedna kazna
novéanom kaznom, a sud kao glavnu kaznu izrekne

cErm Relevantnost:85.92 % |

Izvrsenje novéane kazne (1) U presudi se odreduje rc

sud moze dozvoliti da osudeni plati novéanu kaznu 1

Figure 10 — Search result
Puc. 10 — Pe3ynsmamesl noucka
Cnuka 10 — lNpuka3 pe3ynmama npempaze

The client application renders the JSON formatted returned result by
using the CSS specification of each returned field.

For evaluation, there were 100 different searching tasks performed.
The next chart (Figure 11) shows the results. There is a big difference
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between server side processing and communication time. The server
side processing includes the activities: accepting search request, finding
the similar documents and preparing the responses. The measured
processing time is less than 10e-1 second (bottom part of the chart). The
communication time is measured on the client side from sending the
search request to receiving the search result from the server. The
communication time is more than ten times longer (upper part of the
chart).
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Figure 11 — Processing vs. communication time
Puc. 11 — Bpewmsi o6pabomku OaHHbIX U 8peMsi obmeHa 0aHHbIMU
Cnuka 11 — Bpeme obpade u speme pasmeHe nodamaka

The other part of the evaluation includes the client side search query
preparations (speech-to-text as well as lexical transformations). The
measured values were similar to the client - server communication time.
During experimentation, the overall responding time of the search service
measured was 1.7 second in average.

Conclusion

The focus of the proposed solution is improving the Serbian e-
government searching service in order to provide advanced search of
huge documents corpuses in an efficient way as well as to enable this
service for people with disabilities. Focusing on the Serbian language
was a big challenge due to its grammar complexity and rich vocabulary of
words, terms, synonyms and homonyms. We tried to overcome these
difficulties on both sides — client and server applications. The client side
application uses the Vebran service that performs an in—depth lexical
analysis of the text responding with the all-possible forms of the sentence
given as the search criteria. The client application uses the normalized
one and sends it to the search engine on the server side.
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The solution uses the Google Cloud Speech-to-Text service as an
appropriate one to obtain searching by voice. As typing is complex for
drivers or passengers and impossible for people with disabilities, this
service is included in the solution. By setting it up in the proper way, this
service presents a high level of accuracy and satisfactory responding
time in both cases - during the evaluation and exploitation.

On the other hand, there are other languages of interest in Serbia
(Albanian, Hungarian, Bulgarian, etc.). Owing to the flexibility, modularity
and low coupling of components of the proposed solution, as well as to a
lot of supporting libraries in the frameworks included, these requests are
feasible on both the client and the server side application. The Google
Cloud Speech-to-Text service supports 120 languages (including the
above enlisted) while the Solr can provide indexing for 36 languages.
Moreover, the Python libraries incorporate an advanced analysis and the
processing features for more than 50 languages.

There are experimentations presented in the paper. Their results
demonstrate respectable processing power of all the services used. The
network speed still represents the main factor for slowing down the
service response.

As document storage, the MongoDB is a flexible solution for holding
non-normalized content. It fits well a great number of documents that
differ in size and content structure. This way, it is appropriate for storing
short content such as messages, comments and emails as well as
books, laws, magazines and similar ones, much greater in size and more
complex in structure. Also, a well-supported communication between the
MongoDB and the Solr (solr-mongoimporter library) provides high
performances in both indexing and searching processes.

The Vebran service authors suggest query expansion with the
sentence returned by it service (Stankovi¢ et al, 2016, pp.112-123) in
order to obtain results that better fit the initial query. On the other hand,
the more terms and forms supported by the service, the better results
returned. For instance, if the user changes the query above with one
more word “eguHuuuja Hog4yaHux ka3Hu” (Definition of amercements), it
practically changes the term. If the service does not support a concrete
collocation of the words in the criteria, the query will not have expected
expansion and consequently, it will not produce the proper search result.
Therefore, the client application uses the service firstly to find
collocations (the terms that represent the ordered sequences of two
words) and secondly, to find forms of the rest of the words contained in a
query. Based on the previous example, it means that the word ‘definition’
will be treated separately from the term ‘criminal acts’. This way, the
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client application prepared the query for searching the documents written
in Serbian.

The proposed solution is scalable. As the MongoDB and the Solr
hold different information of documents, the system is flexible for
distribution. There can be more than one MongoDB and Solr instances. If
these instances can hold the same documents translated into different
languages, the solution can provide the same searching improvements
for each one. Moreover, both MongoDB and Solr have support for cloud
solutions. The MongoDB offers the Atlas
(https://lwww.mongodb.com/cloud) commercial cloud solution while the
SolrCloud () solution is free of charge. Nevertheless, migration on the
cloud should depend on the size of the document base as well as on the
number of requests (users). If these numbers arise rapidly, the service
providers should start planning in time.
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A3bIK CTATbW: aHrnuinckun

Pe3some:

Ycrnyau anekmpoHHO20 npasumeribcmea 3asuUcsim om apxusuposaHusi
OOKYMEeHmMOo8, KOMOpble 8 OCHOBHOM CKaHUPYOMCS U 4YacmuyHO
onuckigaromcsi € Uenblo obecrieyeHuss MawUHHO20 roucka U
bbiICMpPO20 Haxox0eHUs COOMEEemCcmeyrWuUX 0meemos Kak Orns
rnonb3oeamersnel, mak u 0na compyOHUKO8 3JIEKMPOHHO20
npasumernscmea. [ns ynydweHus cyuwecmsyrouweli cumyauyuu 6b1r10
paspabomaHo 2ubpudHoe peweHuUe, OCHOBaHHOE Ha pe3yrbmamax
npedbidywux uccriedosaHuli. B daHHoU pabome npedcmasneHo
onucaHue Beb-cepsepa, KoMbUHUPYOWE20 pa3nuyHble mexHosoauu,
HarpaesieHHo20 Ha yny4duleHue cmaHOapmHbIX ycry2 roucka u
obecriedeHuss ux QocmynHocmu Ons model € OepaHUYeHHbIMU
B803MOXHOCMSIMU.

Knrodeeble crosea: mekcmoebili  MOUCK, CXOXeCmb MeKcmos,
pacrnosHagaHue peyu, Ucrosb3osaHue MemadaHHbIX.

YHATMPEBEHE CEPBUNCA E-BJTAAE 3A HAMPEOHY NMPETPAIY
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OBNACT: nHdopmatumka
BPCTA UJIAHKA: opyruHanHu Hay4Hu pag
JE3UK YJTIAHKA: eHrnecku

Caxemak:

Ycnyee e-ynipase 3asuce 00 apxusckux OOKymMeHama Koju cy
yanasHOM CKeHupaHu U OefluMUYHO ornucaHu Kako bu ce Moeanu
MawuHcKU npempaxusamu u 6p30 npoHanasumu odeoeapajyhu
o0zoeopu 3a epahaHe u cnyxbeHuke. [a 6u ce nobosbwarsno
rnocmojehe cmare, npedcmassbeHo je XUbpUuOHO peweHe 3acHO8aHO
Ha npemxo0HUM  pe3ynmamuma ucmpaxueara. Oeaj pad
npedcmassba onuc 8eb coghmeepckoe peuwera Koje KOMOUHyje
pasnuyume MmexHoso2uje Kako Ha cmpaHu KiujeHma mako U Ha
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Abstract:

Hydrodynamic torque converters (hereinafter referred to as HDTC) are
becoming increasingly widespread in motor vehicles. The internal
combustion engine (ICE) and the HDTC system can be viewed as one
aggregate the output characteristics of which are uniquely defined by the
characteristics of the engine and the corresponding HDTC. Namely, the
engine and the hydro-converter can be considered as one system, with a
precisely defined output torque and output angular velocity. This creates a
possibility that the drive force can be calculated as if it is a mechanical
transmission, in which the output torque of the hydro-converter is the input
into the planetary gears train (if any). Harmonizing the joint work of the
ICE-HDTC is a complex process. An attempt has been made in this paper
to make a model of the aforementioned system in order to harmonize
more easily the characteristics of the combined operation of the internal
combustion engine and the HDTC.
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Introduction

The hydrodynamic torque converter (hereinafter referred to as
HDTC) is a turbo machine consisting of three or more blade wheels
(pump, stator and turbine) and transferring mechanical energy through
the working fluid in it (Burciu, 2004), (Keli¢, 1985), (Kirchner, 2007),
(Laptev, 1973), (Milidrag, 1987), (Demi¢ & Luki¢, 2011). For illustration,
the scheme of an HDTC on which (1) indicates a pump wheel, (2) is a
turbine wheel and (3) is a stator (Laptev, 1973) is shown in Figure 1. The
propulsion engine turns the pump wheel so that its blades force the fluid
to perform a complex movement. The liquid turns along with the pump
wheel and flows from the input to the exit from the blade channels. Due
to the energy transfer to the turbine wheel, the speed of the liquid
decreases. During its flow through the stator, the fluid changes direction,
causing appearance of a reactive torque. In the first approximation, it can
be argued that the total energy has not changed (if losses are neglected),
but that only redistribution between the kinetic and potential energy of the
liquid has occurred. If the redistribution of the kinetic energy is greater,
the torque of the turbine is higher than the torque of the pump and vice
versa, which depends on the HDTC operation mode. As the mode
change is continuous, such is the change in the torque and the angular
velocity of the output shaft.

In the application of the HDTC for motor vehicles, in order to achieve
harmonization of the characteristics of the combined operation of the
internal combustion engine (hereinafter ICE) and the HDTC, an additional
mechanical single-speed gearbox is often applied, before the pump wheel.
In addition, due to a low transmission ratio, the HDTC is usually combined
with a planetary mechanical gearbox installed before the final drive.

The analyses carried out in (Burciu, 2004), (Laptev, 1973), (Demi¢ &
Luki¢, 2011) showed that the ICE-HDTC systems can be viewed as one
aggregate whose output characteristics are uniquely defined by the
characteristics of the engine and the corresponding HDTC, which will be
discussed below. Namely, the engine and the hydro torque-converter can
be considered as one system, with an exactly defined output torque and
output angular velocity. In doing so, the driving force of a vehicle can be
calculated as if it is a mechanical transmission whose output torque of
the HDTC is actually the input to the planetary gearset (if any). It is
emphasized that the harmonization of the combined operation of the ICE
and the HDTC is a complex task (Milidrag, 1987).
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Figure 1 — Scheme of one HDTC
Puc. 1 — Cxema o0Hozo '[JTKM
Cnuka 1 - LLlema jedHoe X TOM-a

Therefore, an attempt is made in this paper to simplify the task by
using a mathematical model. Furthermore, in the following text, the
behaviour of vehicles equipped with HDTCs will be observed in variable
modes of motion, which required the definition of a system model that
includes non-stationary and stationary operations of the ICE-HDTC
system. This problem is very important for traffic in a wider sense
because it enables the calculation of performances of motor vehicles.

Modelling the combined operation of the ICE-HDTC

In order to better understand the model forming process, the
definition of the most important parameters of the HDTC is briefly given,
(Burciu, 2004), (Demi¢ & Luki¢, 2011).

The hydraulic transmission ratio of the converter:

j=—t=—L. (1)

i=—l==, 2)




where

@y , @y, Ny, N - angular velocities and revolutions per minute (rpm) of
the pump and the turbine wheel, respectively.

Slip:

— 1
:np ny =1—l'=1—.—. (3)

np I,

S

The hydrodynamic torque of the pump and the turbine wheel.
M, = 2,pD°n; )
M, =2, pD°ny,

where

}bp,ﬂT - torque coefficient of the pump and the turbine wheels,

respectively,
P - density of the operating fluid, and

D - active diameter of the converter.

The torque Transformation Coefficient:

AR (5)

The hydraulic efficiency represents the power ratio of the turbine to
the pump:
P Mo M, ) 1
:_T: r=r = P T:k]:k— (6)
PP MP(OP MP(OP Ly
For illustration purposes, Figure 2 shows the transmission diagram
of a vehicle with the HDTC (Burciu, 2004), (Laptev, 1973), (Demi¢ &
Luki¢, 2011).

m

Me ,Ne IVIP 0 M. RO
M
Engine S:(?L%Z); Pl HDTC |T Transmission ?O-
o}
LI P Ny Nyl

Figure 2 — Scheme of the vehicle transmission with the HDTC
Puc. 2 — Cxema mpaHcmuccuu asmomobuns ¢ [TKM
Cnuka 2 — lllema mpaHcmucuje so3una ca X4TOM
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In the case of the straight-line motion, the vehicle overcomes the
same resistance forces as in the case of mechanical transmission, so the
differential equation of motion of the vehicle can be written (Demié¢ &
Luki¢, 2011), (Genta, 2003), (Gillespie, 1992), (Jankovi¢ & Todorovi¢,
2001), (Milliken & Milliken, 1995):

R =F,—R,~R-R =F-3 R, (7)
where
R;j - inertial resistance (resistance of inertial forces),
Rz - rolling resistance,

R, - aerodynamic resistance, and
R, - gradient resistance.

Based on (7), it follows:

dv F,-> R
= (8)
dt mo,

where

oy - rotational mass coefficient which takes into account the mechanical

and hydraulic elements, 6,=3,,% 0.

Vehicle speed is given by the expression:
2zn 1
V= e'd

. 9)
L1

where

ne - engine speed-rpm,

iy - the final drive ratio, and

im- the planetary gearset ratio.

The torque on the drive wheels, according to the power and torque
transmission scheme shown in Figure 2, is given by the expression:

M =M,iinn,, (10)

T0"m

where
.1, - efficiency of the final drive and the planetary gearset, respectively.

The tractive force on the drive wheels is (Demi¢ & Luki¢, 2011):

330



M M.ii
F;: o _ Tomnonm. (11)

Ly T

The torque on the HDTC turbine’s output shaft is (Burciu, 2004),
(Keli¢, 1985), (Kirchner, 2007), (Laptev, 1973), (Milidrag, 1987), (Demi¢
& Luki¢, 2011):

M, = kMP . (12)
Based on (11) and (12):

i ..
F =M il .
T

The system shown in Figure 2 can be seen as two subsystems, i.e.
two equivalent masses rotating (1, II) (Demi¢ & Luki¢, 2011):

- one subsystem includes the masses of the rotational parts, the
mass of the shaft and the part of the pump before the converter, all parts
being reduced to the pump’s shaft, and

- the other subsystem that includes the masses of the rotational and
translational moving parts behind the hydrodynamic converter, whereby
all parts are reduced to the turbine’s output shaft.

Subsystems | and Il are shown in Figures 3 and 4.

The first subsystem
By applying Newton's law to subsystem | (Figure 3), it is obtained:

da,
J——=M —-M,, 14

where
J1- equivalent moment of inertia of the first subsystem, and
M; - torque of the gearbox reducer given by:

M =Min., (15)

where
M: - engine torque,
iy - transmission ratio of the additional mechanical gearbox, and

n). - efficiency of the additional mechanical gearbox.

Therefore, differential equation (14) takes the form:
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do
P .
J; " =Min —-M,. (16)
M M M
Engine |—>{ Gearbox | 7t f pymyy [
0e Reducer o, Op
Ny

Figure 3 — Subsystem |
Puc. 3 —lNodcucmema |
Cnuka 3 — Nodcucmem |

The inertial moment of subsystem | can be determined as the sum of
the hydraulic M,,” and the mechanical M,," moments of inertia:
Milrz:Mii_'_Mi]:[’ (17)
where
MinM - moment of inertia of the mechanical part: M f,‘f =J. o
Minp- moment of inertia of the hydraulic part:
M)=MYin =J.o.in,,

in in

z

ir- transmission ratio of the reducer: i, =— and
)
P

@, - angular acceleration of the flywheel: & . = @ i, ,
Jz - moment of inertia of the flywheel.
The moment of inertia of the hydraulic part of subsystem | is:

Mii: = Jza)Pirirnr = Jza.)Pirznr . (18)

The summary moment of inertia of subsystem | is:
Mzit :(Jp+Jzi}’277r)a)P :Jld)P' (19)

The equivalent moment of inertia of part | is:
J,=J,+J.i’n,. (20)
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Second subsystem

My F
Motr Planetary M "
H 0
Turbine gearset ®, . G PM
0) ] o
T nm,l - Fol

Figure 4 — Subsystem Il
Puc. 4 — Nodcucmema Il
Cnuka 4 — Nodcucmem Il

Based on the distribution scheme of the torque and the tractive force
of the vehicle, the resistant moment of the vehicle can be determined,
Figure 4.

Er,

M —,
lﬂ’l l() 77m 77()

OTR = (21)
where
Fo=Fu+Fy - tractive force on the drive wheels, equal to the sum of the
tractive forces on the left, Fi,; and right wheels Fy,

By applying the Newton’s law to subsystem I, shown in Figure 4, it
is obtained:

59%

p —M, (22)

where
J> - equivalent moment of inertia of the second subsystem.

If expression (21) is taken into account:

d Fr
S =My (23)
dt iimnm,
The moment of inertia of the wheels is:
Mntockova = ZJtoca.)toc ! (24)

where

Jioc and Wwe - Moment of inertia and the angular acceleration of the
wheels, respectively.
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If it reduces to a turbine wheel, it follows:
J o
MT z toc " toc (25)

in  tockova ;7
lmloﬂmno

where angular acceleration is:

a>t0c = oL (26)

m-o

The final form of equation (25) becomes:

J
T Z toc .
intockova = 2.2 a)T ' (27)
lmlonmno
The moment of inertia of the mechanical transmission is:
in _ .
M transm Jtransma)transm ! (28)
where the angular acceleration of transmission is:
. o,
a)tmnsm = l_ ' (29)

m

The moment of inertia of the transmission reduced to a turbine
wheel:

J o Or I,

T _ Y transm . __ Y transm transm
Mintmnsm - . a)trunsm - . .2 a)T . (30)
The total moment of inertia is:
T T T
Mi” u Min trans + Mm toc ! (31)
namely:
I, e . .
Miyr; u = wp + z e a)T + Jturba)T (32)

l:z 77m ! l(? lri nm 770
The moment of inertia of subsystem Il is, (Figure 3):

J >J
o=t (33)
lm’]m lolmnonm
The total resistance of the inertial forces is equal to the sum of the
resistance of the inertial forces due to the accelerated movement of the
vehicle and the accelerated movement of the rotating parts:
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R/ — R;raml + R;ot ] (3 4)

The inertial force due to the accelerated translation movement of the
vehicle is:

rans. dv
R™ =m—. (35)
dt
The inertial force generated by the accelerated rotational movement
of the vehicle parts can be presented as the sum of the inertial forces of
the rotational parts of the wheels and the transmission parts:

R;m — R;ransm + R;(Jc ’ (36)
that is,
ii do
R{mnsm =7 77m770 mio T ’ 37
g <, Bl do 37)
where

- the inertial force due to the accelerated rotational movement of the
transmission elements and

Y, dw
Rt'OC — =T toc
J r, dt ! (38 )

- the inertial force that occurs due to the accelerated rotational
movement of the wheels.

The angular velocity at the exit of the turbine wheel is:

.. V..
a)T :a)toclolm :_lolm ' (39)
Ta
The angular acceleration of the turbine wheel is:

do, _ Lyl dv

e r, dt’ (40)
The angular acceleration of the wheel is given by the expression:
do, _Ldv )
d rdt

After arranging, the final expression for the resistance of inertial
forces is obtained:
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2.2
R =|m+ Zjd;w +J, ’mlor’:zm”” %, (42)
O
or
. m(1+ 2, i,iifﬂmﬂo)ﬂ | (43)
/ mr? P omr? ) dt

If (according to 42 and 43) the total resistance of the inertial forces is
defined as: R ;=m o0, j ,the mechanical rotational masses coefficient,

O, iS:

2.2
5, =1+ us +£lml”772"177” : (44)

2
mr;,  m 7

The angular velocity of the pump wheel is:

. ...V
Wp =L,0, =1, I —. (45)
T
The angular acceleration of the pump wheel is:

do, di,..v .. . 1ladv
- = _lmlo —+ lhlmlo T (46)
dt dt v, r, dt
di, di, dv

If a shift is introduced: g 4y 4z, the angular acceleration of the
pump wheel is:
% :%(vﬁﬂ'},jﬂ . (47)
da r, \_ dv dt
The torque that is transferred from the engine to the gearbox
reducer according to Figure 1 is:

Mf :Aleirnr ! (48)
further:
i1 di dv
Jomoely— i | —=M -M,. 49
1 Vd ( dv hjdt r P ( )

336



Bearing in mind the traction balance of the vehicle, and after the
corresponding transformations:

m 5m+£J2+le(v%+ihj & _ bk, 3R, (50)
m dv dt
where
Il i1
C="n p_"m0 51
" C (51)

Based on expression (51), the equation for the rotational masses
coefficient of the hydraulic part of the transmission is:

5, =2 {Jz +k11(vﬂ+ihﬂ . (52)
m dv

The analysis of expression (52) shows that the rotational masses
coefficient, in the case of the HDTC, depends on the inertial parameters
of the mechanical part of the transmission, and also on the
transformation of the fluid energy in the HDTC.

Now the traction balance equation can finally be written (Demié¢ &
Luki¢, 2011):

m(§m+5h)d—‘;:%Mr—ZR. (53)
Lnlo
or
m(gm +5h)ﬂ — Mekzmlolrnmnonr —YR.
dt 7,

(54)

A system of differential equations that describes the motion of a
hydrodynamic transmission system is:

dw
J, dtP =M, -M,,
dw
S =M, -M,,, (55)
(5, +5,) % = Malllak \y _5p
dt i
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Dynamic simulation

In order to research the reliability of the applied mathematical model
of the combined operation of the ICE-HDTC, it was considered
appropriate to apply it to the example of a Florida diesel engine prototype
(Wong, 2001). In this case, the engine and the HDTC were used and
their experimental characteristics are shown in Figures 5-7 (indicated by

B).
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Figure 5 — Torque of the applied engine
Puc. 5 — Kpymsauwjuli momeHm ucrisimyemozo 0guzamersi
Cnuka 5 — O6pmHuU MoMeHmM riocMampaHo2 Mmomopa
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Figure 6 — Torque Transformation Coefficient
Puc. 6 — KoaghgpuyueHm mpaHcghopmayuu Kpymsiue2o MomeHma
Cnuka 6 — KoeguyujeHm mpaHcghopmayuje o6pmHo2 MoMeHma
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Figure 7 — Pump Torque Coefficient
Puc. 7 — KoagbgpuyueHm Kpymsiuie2o MoOMeHma Hacoca
Cnuka 7 — KoeguyujeHm momeHma rymMrHoe Kona

For the purpose of easier dynamic simulation, the experimental data
in Figures 5-7 were approximated by polynomials. Bearing in mind that
the observed engine has regulated characteristics, its torque could not be
more precisely modelled with the second-degree polynomial (Simi¢,
1988), so the minimum of the sum of squared errors was satisfied by
using the fifth-degree polynomial. The HDTC data were approximated by
the third-degree polynomial. The calculation of the unknown coefficients
of polynomials was carried out using the program in Pascal, based on
optimization methods.

The coefficients are shown in Tables 1-3.

Table 1 — Engine torque
Tabnuua 1 — Kpymsawud momeHm dguzamerisi
Tabena 1 — O6pmHuU MoMeHmM mMomopa

ao 4.337*10'
a 5.064*10°
ar 4.351*102
as 7.163*10™"
as 6.173*107
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Table 2 — Torque Transformation Coefficient
Tabnuya 2 — KoaghghuyueHm mpaHcghopmayuu Kpymsu,eao MoMeHma
Tabena 2 — KoeguyujeHm mpaHcghopmayuje o6pmHoz MoMeHma

ao 1.167*10°
a 1.161*10™
as 9.779*10*

Table 3 — Coefficient of the pump torque
Tabnuuya 3 — KoaghgpuyueHm kpymsuwe2so MOMeHma Hacoca
Tabena 3 — KoeguuyujeHm momeHma rymrHoe Kona

ao 9.720*10™
a 5.073*10™"
ar 3.313*10°

The vehicle and the HDTC used in the dynamic simulation are given
in Table 4 (Zastava automobili, 2008).
Table 4 — Basic data on the used vehicle and the HDTC
Tabnuuya 4 — OcHogHble daHHble 06 6/y asmomobune u ITKM
Tabena 4 — OcHogHuU rnodayu o KopuwheHom so3urny u X TOM-y

m 1200, kg

ry 0.273, m

i 1;1,5, -

I, 8.5, -

i 0.35, -

o 0.7, -

o 0.98, -

n 0.96, -

o 0.98, -

f 0.02, -
K*4 0.525, Ns%/s?

1y 25 m

J, 0.92,kgm’

J, 0.90, kgm?
Siransm 1, kgm?
Juoc 5,kgm”

J. 0.1, kgm®

D 0.11, m
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It is noted that the harmonization of the engine and the HDTC
characteristics is achieved by changing the active diameter D of the
pump wheel or the gear ratio, i;, of the gearbox reducer, which is installed
between the engine and the HDTC (Laptev, 1973), (Demi¢ & Lukic,

2011):
5 2
ir =3 M (56)
\ M.,
where

D - active diameter of the HDTC,

Mp - torque on the pump wheel,

Ap - torque coefficient of the pump, and
wp - angular velocity of the pump wheel.

In practice, the HDTC transmission ratio is chosen from the
requirements for ensuring the best traction and speed characteristics of
the vehicle and fuel consumption. If j; is calculated from the conditions of
the vehicle starting from a standstill, then Ap has the value for i, = 0. In
addition, w=(0.75+0.85)*w, for motor vehicles with diesel engines, where
wp, is the angular velocity at the maximum engine power.

In this case study, the calculated value for i; is 0.35, which means
that instead of the reducer, it is necessary to use a speed multiplier
gearbox.

Due to non-linearity, differential equations (55) were solved
numerically using the Kutta-Merson method in the program realized in
Pascal. The initial integration step was 0.001, s, and the integration was
carried out at 500,000 points, which ensured the reliability of the results
in the area 0.002-500, Hz (Bendat & Piersol, 2010). Bearing in mind that
the aim of the simulation was to calculate the performance of a vehicle
with an HDTC, this frequency range is acceptable.

It was considered appropriate to analyse the performance of the
motor vehicle, and therefore a dynamic factor is calculated (Simi¢, 1988)
according to the formula:

DV:FE)_RV
m

= fcos(u) +sin(u) +% Jj. (57)

where the labels from the preceding text, that is, the usual labels from

(Simi¢, 1988), were used, so here they will not be specifically explained.
It was concluded by the analysis that only the results of a dynamic

factor simulation in the case of 100% fuel injection in the engine and a
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transmission ratio of the planetary gearset 1, i.e. 75% of the fuel injection
in the engine and the transmission ratio of the planetary gearset 1.5,
should be shown here in Figures 8 and 9 (and not the performance of the
HDTC, which is treated as a black box).

0.14+

0.12

0.10

0.08]

0.067

Dynamic Factor,

0.04-

0.02+

O e e A E e ey o pe

0 10 20 30 40 50 60 70 80
Vehicle Speed, m/s

Figure 8 — Dynamic factor for 100% fuel injection in the engine and transmission ratio of
the planetary gearbox equal 1
Puc. 8 — funHamuyeckuli koaghcbuyueHm 0ns1 100% enpbicka monnusa 8 dguzamerib U
rnepedamo4yHO20 Yucsia 8 rniiaHemapHoU Kopobke nepeday paseH 1
Cnuka 8 — [JuHamuyku ¢cbakmop 3a 100% doso0a eopusa y MOMOpP U MPEHOCHU 0OHOC Y
rnaHemapHoOM rPeHOCHUKY jedHak 1
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Figure 9 — Dynamic factor for 75% fuel injection into the engine and transmission ratio of
the planetary gearbox equal 1.5
Puc. 9 — fuHamuyeckuli koagpgbuyueHm 0nsi 75% enpbicka mornnusa 8 0guzamerbs U
nepedamoyHo20 Yucrna 8 rnaHemapHoul Kopobke nepeday paseH 1.5
Cnuka 9 — [QuHamuyku ghakmop 3a 75% 0osola 2opusa y MOMOP U NPeHOCHU 0OHOC y
rnnaHemapHOM MPeHOCHUKY jeOHak 1,5
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Results and analysis

Using all the calculated values of the dynamic factor, which are
partially shown in Figures 8 and 9, and the procedures described in detail
in the references (Demi¢ & Luki¢, 2011), (Jankovi¢ & Todorovi¢, 2001),
(Simi¢, 1988), the maximum values of the dynamic factor and the speed
at which it occurs (Dmax and Vpmax), the maximum vehicle speed (Viax),
the maximum vehicle acceleration (jnmax) and the maximum slope the
vehicle can climb (umax)are calculated. The values were calculated using
a program developed in Pascal, and the data are shown in Table 5.

Table 5 — Maximum values
Tabnuua 5 — MakcumarbHble 3Ha4YeHUsl
Tabena 5 — MakcumarHe epedHocmu

Fuel im, = | DumaxVoumax, -/m/s Vimax, M/S Jmax, M/S” | Umax, %
supply,%

100 1 ]0.129/30.97 62.47 0413 10.9
50 1 | 0.088/26.54 53.34 0.257 6.8
100 1.5 | 0.292/25.73 54.71 0.775 272
75 1.5 | 0.212/24.59 51.76 0.547 19.2
50 1.5 | 0.133/22.61 46.98 0.322 113

Based on the data in Table 5, it can be determined that a better
performance is achieved in the case of the maximum fuel supply for both
transmission ratios in the planetary gearbox. With the reduction in the
amount of fuel brought into the engine, the performance of the vehicle
also drops. It should be noted that with the transmission ratio in the
planetary gearbox equal 1, it was impossible to move the vehicle (the
calculated speed of the vehicle had values below 0).

By analysing the effect of the transmission ratio in a planetary
gearbox, it was found that all performance parameters are better in the
case of a reduction in it, except for the maximum speed which in this
case is lower. This is understandable when taking into account the facts
in (Demi¢ & Luki¢, 2011), (Jankovi¢ & Todorovi¢, 2001), (Simi¢, 1988),
which relate to the theory of the movement of motor vehicles with
classical-mechanical gears.

It should be noted that some data whose values had to be
approximately determined were used in this paper, such as: moments of
inertia, masses of individual parts of the aggregate, etc., which inevitably
leads to errors in the simulation results. Therefore, it is necessary to pay
more attention in the following period to the experimental determination
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of the inertial parameters of the vehicle and its aggregates as a whole, or
of the constituent elements. The used model vehicle (engine)-passenger
makes it easier to harmonize their combine operation.

Conclusion

The developed ICE-HDTC model makes it easy to calculate and
analyse the performance of motor vehicles. In the following period,
attention should be paid to the experimental determination of the
necessary parameters in order to improve the reliability of the simulation
results. The used model makes it easier to harmonize the combined ICE
- HDTC operation in variable vehicle regimes.
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MPUNOXEHNE K AHAIIUTUYECKOMY PACYHETY
QPPEKTVMBHOCTU ABTOMOBUNA C TMOPABNNYECKNM
TPAHCO®OPMATOPOM KPYTALWENO MOMEHTA

Mupocnas [. Oemundy®, ScHa [. Mnuwosuny®
@ AkaemMus MHXeHepHbIX Hayk, r. Benrpaa, Pecny6nuka Cepbust
6YHvuaepCMTeT B r. Kparyesau, VIHxxeHepHbIA hakynbTerT,
[enapTameHT aBTOTPaHCMNOPTHLIX CPEACTB 1 ABUraTenen,
r. Kparyesau, Pecnybnuka Cepbus

PYBPUKW: 55.43.00 ABTOMOGUECTPOEHME
BWO CTATbW: npogeccroHanbHas ctaTbs
A3bIK CTATbW: aHrnuickmin

Pe3some:

ludpoduHamuyeckue mpaHcopmMamopbl Kpymsuwjeao MOMeHma
(Ganee  umeHyembie  TKM)  cmaHossmcsi  ece  bornee
pacrnpocmpaHeHHbIMU 8  aBmoMObUNIbHOU  MPOMbIWIEHHOCMU.
Cucmema TATKM u OJdsuzamenb 6HympeHHe20 ceopaHus (ABC)
paccMampugaromces Kak agpezam, 8bIXOOHble XapakKmepucmuKku
Komopo2o  OOHO3Ha4YHO  ofpeldeniAlmesa  xapakmepucmukamu
Osuzamensi u coomgemcmesyowum ITKM. A umeHHo, dsuezamernb u
audpompaHcgopmamop MOXHO paccMampusame Kak eOUHYH

cucmemMy ¢ MoYHO oripedesieHHbIM 8bIXOOHbLIM KPYyMSAUWUM MOMEHMOM
u yernoeoli ckopocmbio Ha ebixolde. Takum obpasom co3zdaemcs
B803MOXHOCMb pacyema 0suxywel cusbl mak, Kak amo denaemcs
npu pacdeme MexaHuU4Yeckol mpaHcMuccuu, 6xOo0HoU cuzsHan 8
nnaHemapHyto Kopobky rnepedady komopol (ecriu ecmsb) serissemcs
8bIXOOHBbIM ~ KpymMsSWUM  MOMEHmoOM  2udpompaHcgopmamopa.
CoenacosaHue cosmecmHol pabombi [JBC — TOTKM sensemcsi
8ecbMa CIriOXHbIM rpoueccoMm. B daHHOU cmambe bbina cOenaHa
rnonbimka ripedcmasume MOOesiupo8aHUe 8bILIEONUCaHHOU CUCMEMBI,
C Uernbio yrpowleHUs rpoyecca coeafacogaHusi Xapakmepucmuk
cosmecmHoUl pabomel 0suzamernsi BHympeHHe20 czopaHusi u I [TKM.

Knrouessie criosa: mpaHcriopmHble cpedcmea, 0suzamernu,
eudpoduHamudeckul, 2uépompaHcghopmamop,
npou3eodumesibHOCMb.

NMPUNOr AHAIIMTNYKOM N3PAYYHABAHY NMEPO®OPMAHCHK
MOTOPHOI" BO3UINA CA YITPABEHUM XNOPAYITNYKUM
TPAHC®OPMATOPOM OBPTHOIr MOMEHTA

Mupocnas [. Demuh?®, JacHa . Imwosmh®

@ Akagemuja nHxermepckux Hayka, beorpaa, Peny6nuvka Cpbuja
YHusepautet y Kparyjesuy, ®akynteT nHxeHwepckmx Hayka, Kategpa 3a
MOTOpHa Bo3una u motope, Kparyjeau, Penybnvka Cpbuja
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OBJIACT: mawnHCTBO, MOTOPHA BO3WMa 1 MOTOpH
BPCTA YJTAHKA: cTpy4Hu paa
JE3VWK YJTAHKA: eHrnecku

Caxemak:

XudpoduHamuyku mpaHcghopmamopu obpmHoe momeHma (X TOM)
Hanase cee wupy npumeHy K00 MoOmopHuUx go3una. Cucmem mMomop ca
yHympawbum cazopesarem (MCYC)-XATOM moxe ce nocmampamu
Kao jedaH aepezam, 4uje cy u3nasHe Kapakmepucmuke jedHO3HayHO
OegbuHucaHe Kapakmepucmukama momopa u odzosapajyhez XTOM-a.
Haume, momop u xudpompaHcghopmamop Moey ce rnocmampamu Kao
jedaH cucmem, ca mayHO OecbuHUCaHUM U31a3HUM MOMEHMOM U
usnasHoMm yeaoHom 6psuHom. To cmeapa moeyhHocm Oa ce ro2oHcka
cuma Moxe uspadyHamu kao Oa ce padu O MexaHU4YKoj mpaHCcMUucUju,
quju je yna3s y nnaHemapHU rPEeHOCHUK (aKko rnocmoju) usnasHu MOMeHm
xudpompaHcgopmamopa. Ycaznawasar-e 3ajedHu4Ko2 pada
MCYC-XJTOM npedcmasrba crioxeH npouec. Y ogom pady HacmojaHo
Je Oa ce nomeHymu cucmem Modlenupa, kako bu ce wmo jeOHocmasHuje
Moarie ycazriacumu Kapakmepucmuke 3aje0Hu4koz pada Momopa ca
YHympauwrum cazopesarem u X4TOM-a.

KrbyuHe peyu: eosusa, Momopu, XudpoduHaMuyku, mpaHcghopmamop
0b6pmHoe MoMeHma, nepghopmaHce.
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Abstract:

Creating a richer, more equitable and just society requires that
governments work in a more transparent and responsible way - to
maintain regular and meaningful communication with citizens. Open data
is the means to achieve this goal. Open data is digital data available to the
public. It has such technical and legal characteristics that anyone, at any
time and everywhere can use, re-use and redistribute it. The focus in this
paper is data that is easily accessed and used and distributed for free. It is
structured for usability and computer analysis. Such data is called publicly
available or open data. The paper deals with the basic concepts of Open
data, where it is most used, the most important experiences and benefits
in its use, how it impacts human lives, which foregoing preconditions have
to be met in order to significantly increase the effects of open data, how
influence is created with it and the challenges that arise in its use.

Keywords: open data, concept of open data, public data, open data
usage experience, open source, open source hardware, open content,
open access.

Introduction

"When we have all the information online, it will be great for
mankind. It is a prerequisite for solving many of the problems faced by
contemporary society." - Robert Cailliau’

Today, in modern society, data and information itself play a very
important role and importance can be compared to the importance of

' Robert Cailliau - born on 26 January 1947, a Belgian computer engineer and computer
scientist. He helped Tim Berners-Leeu to develop the World Wide Web.
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energy or perhaps even more. Unlike energy, information can be
transmitted in various ways, but the most popular way is certainly over
the Internet. The Internet is an unprecedented phenomenon in the entire
human history with the fastest growth. There is only one purpose of the
Internet - the link between people around the world and exchange of
information through it. As information is becoming more accessible to
people, their "hunger" for information is getting bigger and bigger. So, the
idea of free, useful information was born.

In the context of the Fourth Industrial Revolution (characterized by
the fusion of the physical, digital and biological worlds (Schwab, 2015),
data is at the heart of business intelligence and is increasingly
considered to be the key to improving business intelligence of the public
sector.

In the scientific sphere and in the software and hardware industry,
for more than thirty years there has been a so-called "Open" movement
that differentiates submembers such as open source? (Open Source
Initiative, 2018), open source hardware® (Pearce, 2016), open access*
(Pearce, 2016), (Suber, 2014) and open content® (Open Content, 2018a).

The focus in this paper is data that is easily accessed and used and
distributed for free. It is structured for usability and computer analysis.
The synonym for open data is publicly available or open data (OD).
Under the main subtitle of the article, there are the basic concepts of OD,
areas of its use, the most important experiences and benefits, its impact
on human lives, previous preconditions that have to be met in order to
significantly increase the impacts of OD, influence it creates and which
challenges arise in its use.

In order to gain a complete view of the open data problem, the
following basic chapters explain the basic concepts of OD. In the third

2 n production and development, open source as a development model promotes
universal access through a free product design license or plan and universal redistribution
of that design or plan, including subsequent enhancements by anyone. (Open Source
Initiative, 2018)

3 Open source hardware (OSH) consists of physical artifacts of technology designed and
offered by the open design movement. Both free and open-source software (FOSS), as
well as open-source hardware is created by this open-source culture movement and
applies a like concept to a variety of components. (Pearce, 2016)

Open access (OA) refers to online research approaches that do not include all access
restrictions (e.g. access / usage payments) and no usage restrictions (such as specific
copyright and license restrictions). (Suber, 2014)

Open content is a neologism that David Vilei described in 1998 as a creative work that
others can copy or modify. The term comes from open source software which is a related
concept in the software. (Open Content, 2018b)
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chapter, the term OD is explained more closely. The fourth chapter
outlines the principles that must be met by OD. The following chapter
presents the application - the results and experiences achieved by
regions. The sixth chapter discusses the influence of OD on human lives.
The very act of changing the ways of doing business and applying the
OD necessarily creates certain challenges. OD has a certain influence
and how it is created. All of this is the content of the seventh chapter. The
penultimate chapter deals with the arguments for and against the
application of OD. At the end of the paper, a conclusion is made outlining
the basic contributions of this paper and plans for future work.

Open Data Concept

The general objective of OD is to foster and strengthen the
cooperation leading to the adoption and implementation of common
principles, standards and good practices of open data from various
sectors throughout the world.

The open data is digital data, available to the public. It has such
technical and legal characteristics that anyone, at any time and
everywhere can use, re-use and redistribute it.

We are witnessing the great global revolutions, created under the
influence of technology and digital media - with the help of data and
information. This transformation has enormous potential to encourage
governments, civil society organizations and the private sector to work
more transparently, more accountably, more efficiently and more
efficiently. It helps design, achieve, and evaluate the goals of sustainable
development at a global level.

The OD concept speaks directly about the basic issues of
ownership, responsibility and control. When opening data - publishing on
public portals, legal and ethical issues appear as reasons for not
publishing data research with the article. It is often the case that
researchers do not agree to share data. Also, there is a fear that others
may misuse or misread their data (Wouters, 2017).

In order to increase the efficiency of the use of OD, it is necessary to
establish a legal and regulatory environment. Traditionally, there is a
strong tendency in the OECD countries to use transparency and freedom
of information as a legal basis for open government data (Ubaldi, 2013).

Creating a richer, more equitable and just society requires that
governments work in a more transparent and responsible way - to
maintain regular and meaningful communication with citizens. A global
information revolution is underway to improve co-operation on key social
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issues, enable public oversight of government activities, and stimulate
innovation, sustainable economic development, efficient public policies
and programs.

The central policies of open governments, strategies and action
plans are of crucial importance for the OD policy to be activated (OECD,
2018).

Open Government Data (OGD) Policies, Programs and Open
Government Initiatives have the potential to provide a range of economic,
social and political benefits to governments (Ubaldi, 2013).

What goals can be achieved and where a proper use of
OD can help?

The following are the goals that can be achieved by using open data
correctly (International open data charter, 2018):

- OD allows governments, citizens and civil society organizations and
the public sector to make decisions based on a greater amount of
information. Efficient and timely access to information helps individuals
and organizations to come up with new knowledge and innovative ideas
that can bring social and economic benefits and improve the quality of life
of people around the world.

- OD enables users to compare, combine, and use links between
different data sets, tracking them through multiple programs and sectors. If
it is possible to combine and compare data efficiently, it is possible to
identify trends, social and economic problems and inequalities, and
compare the progress made in public programs and services.

- OD can help governments, citizens and organizations to achieve
better results in the field of public services in areas such as health,
education, public security, environmental protection, human rights and
natural disasters.

- OD can contribute to economic development and help create and
strengthen new markets, businesses and jobs. These benefits are
increased when a large number of civil society and private sector
organizations adopt good OD practices and give up their own data.

- OD can improve the flow of information within and between
governments, and make government decisions and making decision
making more transparent. Greater transparency promotes responsibility
and good governance, promotes public debate and helps fight corruption.
OD offers opportunities for innovative political solutions based on
evidence, economic benefits and social development for all citizens.
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How OD goals are achieved?

Goals are achieved (International open data charter, 2018):

- OD helps create policy based on evidence. It encourages
governments to use data in policy making and evidence-based decision
making. It thus provides a better result of public policies, and lays the
foundations for sustainable economic and social development;

- OD facilitates sectoral cooperation. It helps cooperation between
governments, citizens and civil society organizations and the private
sector in developing policies and providing better public services;

- OD allows tracking cash flows. It shows how well public money is
spent, which encourages governments to prove they use public money in
an effective way;

- OD improves the quality of management of natural resources. It
increases awareness of the use of natural resources, spending on
extraction revenues, and ways of carrying out transactions and managing
land;

- OD enables tracking of results and effects. It helps evaluate the
effects of public programs, which enables governments, civil society
organizations and the private sector to respond more efficiently to the
needs of local communities.

- OD promotes equal development, sustainable growth and growth
through the creation and strengthening of markets, companies and
workplaces;

- OD allows geo location data. It provides references for geo-spatial
data and Earth observation data, which supports comparability,
interoperability, and effective analysis.

- OD improves decision-making. It enables citizens to make
decisions based on a greater amount of information, services and quality
standards of services they should expect. When used in this way, OD is
a key public good for helping citizens to establish values, discovering
ideas, ideas and services that would create a better world for everyone.

We know that governments and other public sector organizations
preserve a huge amount of data that may be of interest to citizens and
that such data represents unused resources. If this information were to
be opened, it could stimulate the construction of interconnected societies
that would largely meet the needs of citizens. These societies would
enable the expansion of innovation, fairness, transparency and prosperity
while at the same time providing civic participation in public decision-
making and government responsibility.
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So let us follow the six principles that will be the basis for accessing
the data and for publishing and using the data (International open data
charter, 2018). These principles prescribe that data should be:

- open in principle,

- timely and comprehensive,

- affordable and usable,

- comparable and interoperable,

- for improved management and greater citizen engagement, and
- forinclusive development and innovation

What is OD?

According to one of the definitions, OD is such data that is freely
available, accessible, machine-readable and available in open formats.

OD is publicly available data that can be universal and easy to
access, used and distributed for free. It is structured for usability and
computer analysis. The openness of data exists on the continuum,
although much of the information we are discussing here may not be
strictly open in the descriptive sense; it can still be delusional, used by
third parties, and capable of widespread transformation (Young &
Verhulst, 2016, p.5).

The openness of data is applied to all components of the research
process, not just for the outcomes of the research. OD must be
embedded in the research process from start to finish. Such changes will
probably affect the entire research cycle and its organization from the
establishment of research to its publication. In researching the system as
a whole, this shift from OD can also lead to the emergence of new
disciplines, raise the quality and impact of research, and open new ways
of publishing (Wouters, 2017).

Principles that open data must satisfy

On 7 and 8th January 2007, in Sevastopol, California, 30 advocates
of open governments met to develop a set of principles of open
government data. The aim was to achieve understanding why
government open data is important for democracy (DNA Doe Project,
2018).

State data shall be considered open if published in a manner
consistent with the following principles:

- Complete: All public information is available and does not fall under
the applicable privacy, security or privilege limits.
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- Essential: Data is collected at source, with the highest degree of
granularity, not in aggregate or modified forms.

- Timely: Data is available as soon as possible to maintain data
value.

- Affordable: Data is available to the widest range of users for the
widest range of uses.

- Machine readable / processed: Data is reasonably structured to
allow automatic processing.

- Non-discriminatory: data is available to everyone without
registration.

- No ownership: data is available in a form that no one has exclusive
control of.

- No license: Data is not subject to any copyright, patent, trademark
or business secrecy policy. A reasonable limit of privacy, security, and
privilege may be allowed.

Why do institutions open data?

Public institutions collect and produce a large amount of different
data, and by ensuring its availability in the form of OD (without
compromising trust or privacy) it becomes accessible to a wider range of
users.

Institutions not only provide higher levels of public work, but also
provide citizens and businesses with new opportunities to generate new
value from data - whether it is a new application, business model,
visualization, mapping, research project, etc.

Through open data, the state encourages the development of
creative business and knowledge economy, but also receives valuable
feedback, which can be used to improve data quality, better
understanding of user needs, better formulation and implementation of
public policies.

Application and experience by regions

OD at the international level

Countries around the world found long ago that OD promotes
economic growth, makes public administration more efficient and more
economical, provides better services to citizens, ensures transparency
and reduces corruption.

The European Union, among the first, recognized the importance of
opening up data to the public authorities, and in 2003 adopted the
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Directive on Re-Use of Public Sector Information, which was upgraded in
2013 (Lampoltshammer et al, 2017).

The first portal (OD) was set up by the United States of America in
May 2009, and today there are close to 200,000 open data sets in it. The
European Union established its Open Data Portal in 2015 (the portal
automatically collects data sets from the Portal of the member states.
The Republic of Serbia also submits certain data sets to the mentioned
portal).

The European Commission estimates that data opening will create a
market worth 40 billion euros annually, while the total value for the EU
economy will reach 200 billion euros. That is why data at the international
level has been referred to as "new oil" for a long time, and OD has been
identified as one of the key factors for achieving the goals of sustainable
development and the digital transformation of society. A significant level
of political support for opening up data at the international level is dealt
with in the Open Government Partnership Initiative (Serbia's membership
since 2012), as well as in the International Open Data Charter.

Countries’ Data Campaign progress can be tracked across a
number of international rankings, such as the Global Open Data Index or
the Open Data Barometer.

Below you will find the results of the application of OD in different
countries in the world. The outcomes are presented by sectors where the
methodology was applied and the effects of impacts implemented.

Brazil: Open Transparency Portal, Outcome: Government
Enhancement, Sector: Public, Impact: Facing Corruption and
Transparency.

Description: A tool designed to increase fiscal transparency.

Through the open state budget information, the Brazilian federal
government has made improvements over the past decade. The
Transparent Portal is now one of the country's primary anticorruption
tools, registering the average age of visitors, with 900,000 unique visitors
per month registered. Local authorities around Brazil and the other three
Latin American countries have modelled similar initiatives of financial
transparency.

Slovakia: Open Contracting Projects Sector: Public, Impact: Facing
Corruption and Transparency,

Description: In January 2011, Slovakia introduced an unprecedented
regime in the area of OD, requesting that all public procurement
documents be linked (including revenues and contracts) on the Internet
and condition the importance of public contracts and their publication.
There were more than two million contracts published on the Internet,
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and these reforms had a dramatic impact on corruption and were equally
important for business climate and perception of corruption.

Indonesia: Kaval Pemilu; Sector: Politics and Elections; Impact:
Facing Corruption and Transparency;

Description: A platform launched immediately after the controversial
presidential elections in Indonesia in 2014. Kaval Pemilu's organizers
teamed up with more than 700 volunteers to compare official voices with
the original voting and digitization tables, often handwritten, making data
readable and accessible.

Assembled in a mere two days, with a total budget of just $54, the
platform enabled citizen participation in monitoring the election results,
increased public trust in official tallies, and helped ease an important
democratic transition.

Tanzania: Shule's Education Open Data Dashboard; Outcome:
Empowerment of Citizens Sector: Education Impact: Social Mobilization
Description: Two recently established portals provide the public with
more data on average grades and other information related to the
performance of the schools in Tanzania. Educational Open Data
Dashboard is a project that was established by the Tanzania Open Data
Initiative; Shule was led by Arnold Minde, a developer, entrepreneur, and
enthusiast of open data. Despite the challenges posed by low penetration
rates in Tanzania, these locations slowly change the way citizens access
information and make decisions. They encourage citizens to seek greater
responsibility from their school system and public officials.

Great Britain: UK Survey; Outcome: Creating Opportunities Sector:
Geographic Services; Impact: economic growth.

Description: Data from Ordnance Surveys, mapping by British
agencies, essentially supports any UK industry or activity that uses a
map: urban planning, real estate development, ecological science,
communal services, retail and more. Ordnance Survey is essential for
selection and, in spite of launching its Ordnance Survey OpenData
platform in 2010, it uses a model of mixed prices, with some open data
and some paid data. The expected Ordnance Survey OpenData products
were delivered between 13 million pound net with a jump to 28.5 million
pound increase in the GDP over the first 5 years.

The United States is one of the most advanced countries in the
application of OD. Below you will find a few examples of OD and benefits
received from different business areas in the country.

United States of America: OD about the government has changed
the way the notion of citizenship is understood. It is a movement with its
principles that has its own development in the United States, its history of
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movement, applications for transparency and civic engagement, short
legal history, data quality, prioritization, case studies and paradox in
transparency.

United States of America: Business Atlas in New York; Sector:
Business; Impact: Economic Growth

Description: Developed by the Mayor and Data Analysis Office
(MODA), Business Atlas is a platform designed to mitigate market
research differences between small and large enterprises in New York.
The tool enables small businesses to access high-quality data on
economic conditions in the given region to help them decide where to set
up a new business or to expand the existing.

United States of America: NOAA: Opening of global weather data in
cooperation with companies; Sector: Time; Impact: economic growth.

Description: Opening time data through NOAA has significantly
reduced economic and human costs associated with weather conditions
and damage through forecasts; enabled the development of a multi-
billion financial industries that deliver weather forecasts based on
weather conditions depending on seasonal data records; and catalyzed
the growing industry in $ millions of tools and applications derived from
NOAA data in real-time.

United States of America: Opening GPS data for civil use; Sector:
Geographic Services; Impact: economic growth;

Description: Throughout the past 20 years, the Global Positioning
System (GPS) technology has led to the expansion of commercial
applications across the industry and sectors, including agriculture,
construction, transportation, aviation and especially increasing use of
portable devices for everyday life. Due to various system shutdowns, it is
estimated that the losses amounted to $ 96 billion. In addition to creating
new efficiency and reducing operating costs, the adoption of GPS
technology has improved security, response time and quality of life, and
plenty of other benefits.

New Zealand: Christchurch Earthquake, GIS Clusters, Sector:
Emergency Services, Influence: Data Engagement;

Description: In February 2011, Christchurch was hit by a severe
earthquake that killed 185 people and caused significant disturbances
and damage to the major parts of the city that had previously been
degraded by an earthquake. In response to the earthquake, volunteers
and officials of the recovery agencies used open data, open source tools,
trusted data with trusted information, and converted materials for the
development of various products and services needed to successfully
respond to emerging conditions, including a web application for
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emergency information that made 70,000 visits in the first 48 hours after
the earthquake, among others.

Influence of open data on human lives

OD improves the work of many governments around the world. In
many cases, OD projects have impacts on multiple areas at the same
time. The impact on people's lives is often indirect (and somewhat
subtle). Changes are reflected in decision-making or other social, political
and economic factors.

Figure 1 — The open data taxonomy6 of impact (Young & Verhulst, 2016, p.15)
Puc. 1 — Omkpbimbie aHHble makcoOHOMUU~ 8030elicmeust
Cnuka 1 — OmeopeHu nodayu — maKCOHOMUj86 ymuuaja

6 Taxonomy (in general) is practice and science about the classification of things or
concepts, including the principles that are the basis of such classification. Specific
taxonomies include Content.

357

Terzi¢, R. et al, Open data concept, its application and experiences, pp.347-364



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2019, Vol. 67, Issue 2

Figure 1 lists the ways in which OD has an impact on people's lives,
and they are:

- Creating a more responsible government, especially by helping to
combat corruption and by introducing transparency in business,
increasing accountability (especially budgeting),

- A government becomes more efficient, in particular through the
strengthening of the public service and allocation of resources,

- Citizens are strengthened to take control of their lives and demand
change by being enabled to make more effective decisions and by new
forms of social mobilization, facilitating new ways of communication and
access to information.

- OD creates new economic opportunities for citizens and
organizations.

- In the end, the effect of OD is obvious in the way it helps solve
major public problems, many of which seem almost irrelevant. Although
most of these problems are not fully resolved, we finally see ways to
improve. Through OD, citizens and policy makers can analyze social
issues in new ways and engage in new forms of evaluation and data-
based engagement. OD has created significant impacts during public
health crises and other emergency situations.

To achieve better impacts and achieve goals, it is necessary to have
(Young & Verhulst, 2016, pp.17-20):

- partnership - joint cooperation,

- public infrastructure,

- the existence of clear open data policies, including well-defined
performance indicators, and

- a well-defined problem

What are the Challenges with Opening up Data? How
is impact generated?

The success of each OD project also depends on the obstacles and
challenges it faces. In the broader sense, four challenges have been
identified, which are most often repeated in the analysed case studies
(Young & Verhulst, 2016, pp.20-23):

- Readiness: It may not be surprising that countries or regions with
overall low technical and human capacity or readiness often represent
unacceptable environments for open data projects. Lack of technical
capacity may be manifested with several variables, including low Internet
penetration rate, broad digital divide or general weak technical literacy.
Low technical capacities did not necessarily result in the complete "non-
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squeamish" of a project. Instead, it is often a lack of potential for the
project which makes it less successful than it could otherwise be.

- Responsiveness - Availability: Success is also limited when
projects fail to respond to feedback and user needs. As we have seen in
the previous section, the most successful projects solve a clear and well-
defined need.

- Risks: The big challenge is the compromise between OD potential
and the risk of privacy and security breaches. These risks are inherent in
each OD project - by its nature, greater transparency exists in tensions
with privacy and security.

- Allocation of resources: In the end, inadequate resource allocation
is one of the most common reasons for limited success or complete
failure of the project.

Some of the recommendations for the future use of OD are: the
definition of key areas that OD can add value to, encouraging
cooperation between sectors (especially between government, private
sector and civil society), and treating data as a vital resource of public
infrastructure in the 21st century.

Arguments for and against OD

Like any idea since the beginning of mankind, the concept of OD
also has arguments for and against it - the debate is still ongoing. Unlike
other discussions in which the arguments are categorically stated, in this
discussion the arguments are changed depending on the type of
information being discussed.

The main arguments in the name of OD are as follows:

- Public money is used to finance work, so it should be universally
available. - The main objective of this argument is focused on Open Data
in the government. The idea is that if taxpayers are paying for data
collection, they also need to use free data.

- Facts cannot be legally protected.

- Opening up data helps to combat "data rotation" and ensures that
scientific-research data is preserved over time.

- "Data belongs to the human race". Typical examples are genomes,
organisms, medical sciences and environmental data after the Arusha
Convention.

- Research sponsors do not get full value unless the data is
available freely.
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- Restrictions on reusing data create anti- communion/ poor
connections.

- Data is needed for the smooth running of communal human
activities and it represents an important factor in socio-economic
development (health care, education, economic productivity, etc.).

- In scientific research, the rate of detection is accelerated by better
data access.

The arguments against putting all available data as OD include the
following:

- State funding cannot be used to duplicate or disprove private
sector activities,

- Governments must be responsible for the efficient use of the
taxpayer's money: If public funds are used to aggregate data and if data
is made commercial (private) only for a small number of users, those
users should pay the government for data charges,

- One of the serious issues with open data is "re-identification". This
is a situation where someone can identify a person from a
depersonalized data set,

- OD creates the possibility of inequality in the use of information. It
gives everyone the opportunity for business or civic projects. Different
market players have different levels of readiness to use OD. Large
companies that have teams for processing such data have the ability to
be even bigger, while small businesses cannot spend money for data
analysis,

- Revenue generated by disclosure of data enables non-profit
organizations to fund other activities,

- The government provides specific legitimacy to certain
organizations to recover costs (NIST in the United States and the United
Kingdom Abolition Survey),

- Privacy concerns may require that data access is limited to specific
users or data subgroups,

- Collecting, "cleaning", managing and disseminating data are
usually work and / or cost processes - whoever this service is provided
from, they should receive fair compensation for providing these services,

- Sponsors do not get full value unless their data is used
appropriately - sometimes it requires quality management, dissemination
and branding that can best be achieved by charging fees to users,

- Frequently targeted end-users cannot use data without further
processing (analysis, application, etc.) - if anyone has access to data,
none of them can encourage the investment in processing needed to
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make the useful data useful (typical examples are biologically, medical
and ecological data).

Conclusion

Collaboration and data exchange between people and nations are
very important for the further development of the human species. The
open concept of data is an idea that accelerates development, while
reducing costs and efforts. In the documentary entitled "Steve Jobs: Lost
Interview" (Cringely & Sen, 2012), to the question about designers in the
Apple's building (Why are there so few of them?), Jobs responds that
program developers are like stones in the polishing drum. When they hit
each other, they get polished and eventually the drum walls get polished.
It is the same with people and ideas - when they collide with each other,
they exchange ideas and eventually get extraordinary products. The OD
concept is like a grinding drum, it helps ideas to reach people.

The contribution in this paper is the accentuation of public data, i.e.
that which is easily accessed and used and transmitted further for free.
Open data is structured for processing, utilization and computer analysis.
The paper presents the basic concepts of OD, areas where it is used
most and the most important experiences and benefits of its use. It has
been pointed out how OD affects people's lives, and it has been
emphasized that the preconditions must be met in order to significantly
increase the effects of OD and how influence is created with it.
Furthermore, there are some specific challenges that arise in its use.

In the research related to the material in this paper, the authors had
some difficulties. Namely, there is no structured approach to open data
research in government and educational institutions, but it is the privilege
of large companies such as Amazon, Google, Facebook, and Microsoft,
for example. Although open access to data is a growing trend, practical
research is limited to journals that have free access and open licensing
for academic publications, and there is scarcity in material associated
with open data problems.

In the coming period, our work will be focused on the state of affairs
in the field of OD in Serbia, as well as on the examples of its application
in specific fields, such as medicine / public health in the world as well as
in Serbia.
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KOHLEMUUA OTKPLITON OATbI, EFO MPUMEHEHWE W ONbIT
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@ MHeTUTYT 06LLECTBEHHOrO 3ApaBooxpaHeHus benrpaaa,
r. benrpag, Pecnybnuvka Cepbus,
6 Konnemx nHopmaumoHHbIX TexHororui, r. benrpag, Pecny6nuka Cepbus

PYBPUKW: 20.19.00 AHannTHKo-CMHTETMYECKasn nepepaboTka
OOKYMEHTanbHbIX UCTOYHMKOB MHpopMaLmm

BWO CTATbW: npodeccroHanbHas ctaTbs

A3bIK CTATbW: aHrnuinckmin

Pe3some:

CosdaHue 6onee boeamozo, bonee cripasedriugoao U crpasednueozo
obwecmea mpebyem om npasumesnbcme 6onee npo3padyHou U
omeemcmeeHHoU pabomabi - no00epKaHUs peayrisipHO20 U 3HaYUMOZ0
obuweHusi ¢ epax0aHamu. OmKpbimble 0aHHbIEe S8JISIIOMCS] CPeACM8OM
Ons docmuxeHusi amou uenu. Omkpbimbie daHHbIe - 3Mo UUugposbie
OaHHble, OocmyrHble Onsg obuwecmeeHHocmu. OHu obnadarom
makuMu MexHUYEeCKUMU U FOpUuOUYECKUMU Xapakmepucmukamu, 4mo
Kax0blIl Moxxem & riroboe 8peMs u 8 NlloboM Mecme uCrosib308amhp UX,
108MOPHO  UCroNb308amb U pacripocmpaHsmes ux. OcHosHoe
B8HUMaHue 8 3mom OoKymeHme ydensiemcsi OaHHbIM, KOMOPbIE /1€2KO
docmyriHbl, UCMOMb3ytOMcs U pacrpocmpaHsitomcs becrinamHo. OHu
cCmpyKkmypupoeaHbl onsa ydobcmea ucrnosb308aHusl u
KOMIMbIOMepHO20 aHanusa. Takue O0aHHbIe Ha3ablgatomcsl
obwedocmynHbIMU  UnU  OMKPbIMbIMU ~ OaHHbIMU. B cmamebe
paccmampuearomcsi OCHOBHbIE KOHUENUUU OMKPbIMbIX OaHHbIX, 20e
OHU Haubornee 4Yacmo ucronb3ytomcsi, Haubonee 8axHbIl onbim U
npeumywiecmea UX UCMOMb30BaHUS, KaKk OHU  8/usiom Ha
4ersio8eYeCKy0  XKU3Hb, KOmMoOpbIM OO/KHbI  COOMeemcmeosamsb
8bILIEU3NIOXEHHbIE NpedsapumeribHbIe ycrioausi 05 3HaYUMesIbHO20
ycuneHusi eoslelicmeusi OmKpbimMbix OaHHbIX, KaKk OHU c030aromcs.
8/IUSTHUE Ha HUX U npobrieMbl, 803HUKarouUe rpu Ux Ucrosib308aHuu.

Knrouesbie crioga: OMKpbimble 0aHHbIe, KOHUEeNm OmKpbIMbIX
OaHHbIX, Nybrnu4yHble OaHHbIe, MPaKmuKa PUMEeHEHUsT cucmemsl
OMKPbIMbIX OaHHbIX, OMKPbIMbILU KOO, OMKPbLIMOe annapamHoe
obecriedeHue, omKpbimoe codepxxaHue, OMKpPbIMbIt docmyr.

KOHLEMNT OPEN DATA, HEFOBA NMPUMEHA N NCKYCTBA

Pajko M. Tepauh®, Murnocas H. MajCTopOBVIhﬁ,

@ pancku 3aBof 3a jaBHO 3apaerbe, beorpan, Peny6nuka Cpbuja

® Bucoka Lukona CTPYKOBHUX CTyAWja 3a UHopMaLMoHe TexHonoruje,
Beorpag, Penybnuka Cpbuja

OBNACT: uHdopmatumka
BPCTA YJTAHKA: cTpy4Hu paa
JESNK YJTAHKA: eHrneckm
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Caxemak:

Cmeapare 60z2amujee, pasHornpasHujez U rnpasedHuUjez Opywmea
3axmeea Oa erade pade Ha mpaHcrapeHmMHuju u 002080pHUU HAYUH —
Oa oOpxaeajy pedosHy U 3HauyajHy KOMYyHUKauujy ca epahaHuma.
OmeopeHu nodauu, Koju cy QueumarnHu u AocmyrHU jagHocmu, jecy
cpedcmeo Oa ce maj yurb docmueHe. OHU UMajy makee MmexHUYKe U
rpasHe Kapakmepucmuke 0a ceaku YOB€EK, Yy C8aKOM MPEHymKy U cgyoda,
moxe da ux kopucmu u nipe pacriodesbyje. Nodayu kojuma ce rnako
npucmyna u 6ecrinamHo ce Kopucme u ducmpubyupajy cmpykmypupaHu
cy 3a yriompebrbugocm U KOMIIjymepcKy aHanusy, a Hasueajy ce jagHO
docmynHU unnu omeopeHu nodauyu. Y pady cy USI0XeHU OCHOBHU
koHuyenmu Open Data u damu o00z2080pu Ha numakrsa: 20e ce Hajsuuwe
Kopucme, KaKkea Cy UucKycmea u Kopucmu fpu HUuxoeoj yrniompebu, kakas
je muxo8 ymuuyaj Ha xueom Jbydu, Koju ce npedycriosu Mopajy
ucriyHumu Oa 6u ce 3HamHo noseharnu ymuuaju omeopeHuUx nodamaka,
KaKo ce ocmeapyje ymuuyaj noMohy HUX U Koju ce u3al3oeu jasrbajy npu
HUX080OM Kopulhersy.

KrbyuHe peyqu: omeopeHu nodauyu, KOHUenm omeopeHux rnodamaka,
JjasHU nodauyu, uckycmea y Kopuwhery omeopeHux rodamaka,
omeopeHu Kod, xapdeep omeopeHoz2 Koda, OmMeOPeHU cadpxaj,
omeopeHu npucmyr.

Paper received on / [lata nonyyeHus pabotsl / laTym npujema unaxka: 17.12.2018.
Manuscript corrections submitted on / lata nony4eHus ucnpaeneHHol Bepcumn paboThbl /
[atym goctaBrbana ncnpasku pykonuca: 04.02.2019.

Paper accepted for publishing on / [lata okoH4YaTenbHOro cornacoBaHus pabotsl / Jatym
KOHa4HoOr npuxeaTara YnaHka 3a objasrbmeamne: 06.02.2019.

© 2019 The Authors. Published by Vojnotehnicki glasnik / Military Technical Courier
(www.vtg.mod.gov.rs, BTr.mo.ynp.cp6). 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/).

© 2019 AsTopbl. OnybnukoBaHo B «BoeHHo-TexHU4Yeckuii BecTHUK / Vojnotehnicki glasnik / Military
Technical Courier» (www.vtg.mod.gov.rs, BTr.mMo0.ynp.cpb). [laHHas ctaTbsi B OTKPLITOM OCTYNE U
pacnpocTpaHseTcs B COOTBETCTBUM C nuueH3nen «Creative Commons»
(http://creativecommons.org/licenses/by/3.0/rs/).

© 2019 Aytopu. O6jaBro BojHoTexHuukn rnacHuk / Vojnotehnicki glasnik / Military Technical Courier
(www.vtg.mod.gov.rs, BTr.mo.ynp.cp6). OBo je YunaHak OTBOpeHOr Npuctyna n aguctpudyupa ce y
cknagy ca Creative Commons nuueHuom (http://creativecommons.org/licenses/by/3.0/rs/).

364




MODELING THEORY AND THE LEVEL
OF MODEL COMPLEXITY

Lukas Vogal®, Miroslav Pecina®
University of Defence in Brno, Department of Logistics,
Brno, Czech Republic,
# e-mail: lukas.vogal@unob.cz,
ORCID iD: “http://orcid.org/0000-0002-3012-1693,
® e-mail: miroslav.pecina@unob.cz,
ORCID iD: @http://orcid.org/0000-0002-7293-895X

DOI: 10.5937/vojtehg67-20537; https://doi.org/10.5937 /vojtehg67-20537

FIELD: Logistics, Modeling
ARTICLE TYPE: Professional Paper
ARTICLE LANGUAGE: English

Abstract:

This article deals with the level of detail and complexity of the model. The
aim of the article is to find out what are the objective options for
determining the optimal level of detail and complexity of the model. First,
the basic concepts of the model and modeling are explained.
Consequently, the concepts of complexity and level of detail are
examined. One of the solutions to this problem is a fictitious model and a
theory of model performance measurement.

Key words: modeling, simulation, level of detail, complexity.

Introduction

The area of models and modeling is very broad. Models are used in
many fields like industry, science, humanitarian help, etc. One of many
model definitions (The Open University: OpenLearn, 2019) says that it is
an abstraction which allows the observer to concentrate on the essentials
of a (complex) problem by keeping out non-essential details. It also
postulates that models are built in order to help in activities such as the
development of large software systems. Models are less complicated
than reality since they are simplifications of reality. Only the properties of
the reality relevant to the modeler's main concern are represented. For
example, a road map is a model of a particular part of the earth's surface.
It does not show details such as vegetation or birds' nests as they are not
relevant to the map purpose. The map should only contain the aspects of
the real world that serve the purpose of planning journeys.
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Another author (Maria, 1997) defines a model as a representation of
the construction and working of some system of interest. A model is
similar to but simpler than the system it represents. One purpose of a
model is to enable the analyst to predict the effect of changes to the
system. A model should be, on the one hand, close to the real system.
On the other hand, it should not be so complex that it is impossible to
understand and experiment with it. In simple words, a good model is a
judicious tradeoff between realism and simplicity. Simulation practitioners
in general recommend increasing the complexity of a model iteratively. A
model intended for a simulation study is a mathematical model
developed with the help of simulation software. Mathematical model
classifications include deterministic (input and output variables are fixed
values) or stochastic (at least one of the input or output variables is
probabilistic); static (time is not taken into account) or dynamic (time-
varying interactions among variables are taken into account). Typically,
simulation models are stochastic and dynamic (Maria, 1997).

Processes of building models can vary as there are many types of
models. Its basic concept is usually similar, used by other authors as
well, for instance (Brunclik, 2017).

It consists of several steps (Dlouhy, 2007):

Identification of examined problem and goal setting;
Building of a conceptual model;

Data collection;

Building of a simulation model;

Verification and validation;

Experiments and result analyses;

Documentation of a model; and

Implementation.

N WN =

These steps are illustrated in Figure 1 bellow.
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Figure 1 — Steps of modeling and a simulation of a model (Law, 2015)
Puc. 1 — llasu 8 modenuposaHuu u cumynsyuu modenu (Law, 2015)
Cnuka 1 — Kopauu y modenupary u cumynayuju modena (Law, 2015)
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As it was indicated above, during the modeling process,a question of
model complexity/simplicity arises. Not even knowing the answer, the
modeler solves this question in the step of conceptual model building.
The goal of this step is to choose the best conceptual model which will
lead to the best result of a project.

The conceptual model can be defined as a system representation
created by the compositions of concepts that help people understand or
simulate the entity that the model represents. The most widespread is the
understanding of the model as something that in a certain sense
represents another entity that, in the context of the model, is considered
something to be imitated - modeled. There must be some kind of
similarity between the model and the original for which the model is
created. For example, by making it possible to consider from the results
of the experiment with the model, what would be the results of the
corresponding experiments performed on the original (Kfemen, 2007)?

Choosing the best model is often a problem of selecting an
appropriate level of detail or complexity, which is considered one of the
most difficult aspects of the modeling process (Brooks & Tobias, 1996). It
is important to realize that the aspect of model complexity can decide
about the project success. If a too high level of detail is chosen, the
results are on the one hand precise and accurate. On the other hand,
processing such a level of detail can be very expensive, so it takes much
longer time to consider and measure so many data and finally the model
also cannot be easily transformed for future use. The opposite situation
would be if the model is too vague. Such a model could be easily
transformed and used for a different situation. The problem is that the
result of the model is too general and does not represent the specific
reality to the desired extent.

Level of detail and complexity

Unfortunately, there is not one accepted definition of level of detail or
complexity. However, in case we want to apply this term in the
environment of the model and modeling, the level of detail could be
understood as an extent of model’s particularity. For instance, the extent
of model elements, like the number of security scanners and guards in
case of a model of the airport security check-in or the amount of cars,
drivers, warehouses and customers in case of a distribution chain model.

Complexity, on the other hand, is used much more often in different
kinds of the fields of science. For example, there is the mathematical
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complexity describing the difficulty in computing, software complexity,
behavioral complexity, logical complexity and others.

Flood & Carson (1993) see the complexity as anything that is hard to
understand. Johnson (2001) says that complexity characterizes the
behavior of a system or model whose components interact in multiple
ways and follow local rules, meaning there is no reasonable higher
instruction to define the various possible interactions.

Usually, the simple model is considered as the opposite to the
complexity model.

As was mentioned above, the problem of choosing the best model or
the best level of detail and complexity can also be easily imagined as the
problem of selection the right one among many alternatives. Each of this
alternatives has different specifics and would produce different
performance in the project. Therefore, in order to select one alternative,
each of them would have to be examined in terms of performance and
compared.

Unfortunately, the research in this area is not sufficient. The
possibilities of model performance measuring is examined in the next
section.

Model performance

Brooks & Tobias (1996), in their article Choosing the Best Model:
Level of Detail, Complexity, and Model Performance postulate 11 steps,
needed for proper measurement of model performance, divide them in 4
areas according to their role in a specific project. The word specific is, in
this case, an important one. The model would provide different
performances when applied for two different projects.

Area of RESULTS

1. The scope in which the model output describes the behavior of the
examined object (adequacy of detail).
2. The accuracy of model results.
3. The simplicity with which the model and the results can be
understood.
4. The area of the FUTURE USE OF THE MODEL
5. The portability of the model and the ease with which it can be
combined with other models.
. The area of VERIFICATION AND VALIDATION
. The errors appearance probability (the created model does not
correspond to the conceptual one)

~N O
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8. The accuracy with which the model corresponds to the historical
data

9. The strength of the theoretical basis of the model including the
quality of the input data (credibility of the model).

10. The area of the REQUIRED RESOURCES

11. The time and cost to build the model (data collection, verification,
validation, etc.)

12. The time and cost to run the model

13. The time and cost to analyze the model results

14. The hardware requirements to run the model (pc memory,
processor, etc.)

Assessing these steps in a model project and its alternatives could
help to determine the level of detail and complexity appropriate to the
model.

These steps can now be closely described using the example of the
previously mentioned airport security check-in procedure.

Model example

Let the fictional check-in procedure be considered for a project of
building one medium-sized airport. The problem of this part of the project
is to buy a specific number of scanners, to hire a specific number of
guards and to decide, consequently, how big this airport area should be.
The goal of the model is therefore to determine the likely number of
customers going through the security scanners per day.

Step 1 can be described as a scope in which the results of a model
cover the experimental frame (Zeigler, 1976). It shows the level of detail
of the model results. The following step 2 can simply be described in the
following words: the more the results are accurate, the more the
decisions taken and the conclusions drawn are likely to be correct. In the
case of the airport project, it is desired that the result, the number of
customers per day, is accurate in order to determine the optimum
amount of all elements. However, it is not needed to know the exact
number of customers for each day per year as there are some occasions
like Christmas, New Year or Easter when the number would be much
higher. These specific days only need to be considered as a deviation
from the standard day.

If the project solver wants to be able to demonstrate the results of
the model and the model itself properly, he/she needs to keep the model
as simple as possible. This is how step 3 could be described. On the one
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hand, we want the model to be accurate; on the other hand, the more
complicated the model is, the more likely some mistake in processing it
can be made. Also, in many cases, the project owner is only the
contracting authority and the model builder must subsequently present
the results to them. It is not the part of their business to be able to
understand specific scientific terms. Therefore, the builder should know
to pay attention to this field as well.

Step 4 deals with the portability of the model. It means the possibility
to transfer the model into a different system. In the case of the airport
project, it means to take the model security check-in procedure and use it
with different data. It might be important for a case when the project
owner has two possible scenarios and is not sure about the concrete
location of the airport. So, the model should be complex enough to
enable the accurate results but also abstract enough to enable the
portability between more system scenarios.

The scope of the level of detail used within the model may also
correspond with the probability that the created model will not be the
same as the conceptual model or that some input data will not be valid.
The model must be trustworthy and all planned aspects in the conceptual
model should be therefore included in the created model and stand on
the true grounds. Also, is important that the model stays in the frame of
historical data. Last but not least, the quality of the input data is also a
very important factor. These points are considered in steps 5, 6 and 7. By
going through these steps, we can consider the extent of complexity of
the model and the level of its detail in order to ensure the accurate
results.

The last area of steps 8 to 11 estimates the resources needed to
build the model. These steps consider the adequacy between the time
and the costs spend for the model, the results it can bring and the level of
detail and complexity which is incorporated in the model.

Conclusion

This area is not fully mapped, so it is not possible to determine
unequivocally the optimal level of detail or complexity with which the
model, or its results, should be processed. One option is outlined in the
article along with a specific example of the model. There are 11 steps
that model makers could use to have an overview of the significant points
that should be particularly noticeable when designing and which can, at
least partially, contribute to selecting the appropriate level of detail and
complexity of the model.
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TEOPWA MOAENMUPOBAHWA N CNOXXHOCTW MOLENEW

Jlykaw Boran, Mupocnas MNeunHa
YHuBepcuTeT 060poHbI B I. BpHo, OTAEn norncTmkuy,
r. bpHo, Pecny6nuka Yexus

PYBPUKW: 81.88.00 MaTepuanbHo-TeXHUYECKoe cHabxeHue. Jlorncruka,
28.17.31 MopenupoBaHue nNpoLeccoB yrnpasneHus

BWO CTATbW: npodeccrnoHanbHasa ctaTbs

A3bIK CTATbW: aHrnuickuin

Pe3swome:

B 0daHHOU cmambe paccmampugaromcsi ypoeHU demanusayuu u
C/lIoXXHocmu  Moolerniell, € UeNbio  8biserieHUsi 0bbeKMmMUBHbIX
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gapuaHmos orpedesieHUsi onmuMalsibHO20 YpOoeHs Oemarnu3auyuu u
crnoxHocmu modlerned. B nepsgol yacmu cmambu ornucaHbl OCHOBHbIE
KoHuenuuu modenel u MmodenupogaHus, a 3amem  Obiniu
npedcmassnieHbl pe3yrbmams! UCMbimaHul KOHUenuuu CrioxXHocmu u
yposHsi demanu3ayuu. B peweHuu Hacmoswel npobnemb mMosym
rnomoub goobpaxkaemasi MoOesib U Mmeopusi OUEHKU 3ghchekmueHocmu
mooernu.

Knwouesble  crnosa:  modenuposaHue, CumMynauusi,  ypoBeHb
demarnu3auyuu, C/10XXHOCMb.

TEOPNJA MOOENOBAHA N HUBO CNOXEHOCTU MOAEJIA
Jlykaw Boean, Mupocnas lNeyuHa

YHuBepauteT ogdpaHe y bpHy, Kateapa noructuke,
BpHo, Yeluka Peny6nuka

OBJIACT: noructuka, MogenoBake
BPCTA YJ1IAHKA: cTpy4Hu pag
JE3MK YJTAHKA: eHrnecku

Caxemak:

Y 4naHKy ce pa3mampajy 0emarbu U CIIOXXeHOCcm Modena, C YUIbem
Oa ce ymepdu Koje cy objekmusHe ornyuje rpu odpefjusary HUX0802
onmumarHoe Hueoa. Objauwr-asajy ce OCHO8HU KOHuernmu modesna u
modesosarba, a 3amum ce Ucrnumyjy KOHUenmu crioxxeHocmu u Hugoa
Oemaspa. JedHo 00 pewera 0802 npobnema npedcmasiba
3amMuwIbeHU MoOesT, Kao U meopuja Mepera nepghopmaHcu modena.
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Abstract:

The authors analyze the implementation of the concept of flexible use of
airspace in the Republic of Serbia, which deals with problems related to
airspace capacity. The problem of airspace capacity and air traffic that
takes place in it was not seriously considered in Europe before the
Second World War, due to the simple fact that the number of flights in that
period was relatively small. Achieving this goal and solving the problem is
being sought in a better organization of the airspace of Europe, which
directly influences the organization and strategy of the development of the
airspace of all countries in Europe and the Republic of Serbia (as a
signatory and a member of international organizations dealing with traffic
management and airspace organization ). The concept of flexible use of
airspace should provide a solution to this problem. The implementation of
the concept requires some legal and organizational solutions, so a wider
national concept is needed for a consistent implementation of the concept.
The problems encountered by the creators of the concept in Europe and
Serbia and the solutions that have been made are the subject of this
paper. The content of the paper is presented through several questions to
give an overview of the problem of airspace capacity and an increase
expected in the upcoming period. The paper also deals with the division of
airspace in the world and in our country; planning, registering and
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announcing flights; the concept of flexible use of airspace; and the
problems of applying the concept in Serbia.

Key words: concept, airspace, Republic of Serbia, European Union,
international organizations, air transport.

Introduction

With the development of airline industry and the discovery of new
types of aircraft engines and the modernization of aeronautical
techniques, it was possible to cover large distances in a relatively short
time. People began to intensively use air transport for various purposes.
The development of tourism and modern business has had a direct
impact on the rapid development of air transport. Air travelers arrive for a
much shorter time at their destinations than travelers using road or water
transport. The long-haul flights has become common and the number of
users in air traffic has been constantly increasing. With the constant
increase in the volume of air traffic, there was also a need for the
adoption of certain specific laws and regulations that guarantee the
safety and security of all traffic participants while at the same time
facilitating the smooth flow and development of traffic. The aim of the
paper is to show the influence of international treaties (signed by the
Republic of Serbia) on the organization of the airspace above its territory
and the necessity of defining a clear strategy for the development of the
airspace of the Republic of Serbia. The ATM Air Traffic Management
(ATM) has the data showing that, in the sky of Europe, there are about
26,000 flights daily on average. Forecasts indicate that the volume of air
transport will double by 2020 (Eurocontrol. What is the Single European
Sky, 2018), which makes traffic demands significantly larger than the
capacity of airspace. An additional problem in the deployment of civilian
air traffic is the activation of military zones in which military flying is
carried out. When activating military zones, the airspace of the area
covered is closed to civilian traffic, which as a result has a major decline
in capacity in a certain part of Europe's airspace, because of the need for
aircraft to be vectorized! around the military zones. (Sluzbeni vojni list,
14/ 2018)

The ultimate effect of activating military zones is most often the
introduction of air traffic control measures whose negative impact is
manifested in the form of plane rerouting or delay (delay) on the ground

' Radar guidance or vectorization is the use of radar data for determining the rate, speed
and height of aircraft operations (or to determine the optimal route around the activated
military zones in order to reduce delay in air traffic).
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before taking off. Delaying the plane on the ground or its rerouting
creates an additional cost to airlines. The fact that the activation of
military zones creates major problems in air traffic is also evidenced by
the fact that Eurocontrol® established a special department for civil-
military cooperation dealing with the problem of flexible use of airspace
by civilian and military aircraft (Eurocontrol. Civil-Military, 2018).
Eurocontrol's main goal is to better utilize airspace capacity and reduce
current flight delays in Europe's airspace.

Airspace sharing

Today there are many different definitions of airspace. Sovereignty in
airspace from the viewpoint of territorial integrity and state security is
defined by international legal acts. The Convention on International Civil
Aviation held on 7 December 1944, Part |, Chapter |, Article 1 defines:
"States Parties recognize that each State has complete and exclusive
sovereignty over the airspace above its territory" (International Civil
Aviation Organization, 2006). This implies, on the one hand, sovereignty
that is not shared with others, and on the other hand, the realization that it
is a comprehensive sovereignty over land and the territorial sea. The
military lexicon defines airspace as follows: "The airspace is the space
around the Earth filled with air. The upper limit of the airspace is not legally
defined. The smallest distance in the vertical plane is taken by the one that
has the air and which allows the flight of aerodynamic aircraft. The
airspace of the state is defined by a space in the vertical and horizontal
plane above its surface (land, lake, river, inland sea waters and territorial
or coastal sea), which forms part of its state territory and on which its
sovereignty extends. The state of the air is inviolable. The entry into the
airspace is regulated by the state and is authorized to prohibit it. Through
international obligations, states take over the obligations to allow
international traffic in their airspace" (Vojnoizdavacki zavod, 1981). The
Rules on the Flying of Military Aircraft of the Republic of Serbia (Sluzbeni
vojni list, 14/2018) and the Law on Air Transport of the Republic of Serbia
in Article 4 define "airspace as the space above the territory of RS. The
use of the RS airspace is available for all aircraft operating air transport,
according to international acts, this law and other regulations" (Sluzbeni
glasnik RS, 66/2015). By the NATO definition, the airspace is a space
above the territory and the territorial sea of a NATO member state. The

2 The European Organization for the Safety of Air Navigation is an international
organization, founded in 1963, the primary objective of which is the development of a
continuous, pan-European air traffic management system.
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Law on Air Transport and the Rules on the Flying of Military Aircraft of the
Republic of Serbia do not define the upper border of the airspace.

The legal nature of the airspace is determined by the airspace over
the land and water areas of the state and over it the state exercises
sovereign power, and over the open sea there is a free airspace that is
not subject to sovereignty of states. International law and internal law are
based on the fact that the state has full and exclusive sovereignty in the
airspace above its land and water area.

However, the authorities of a state are legally limited in exercising
their territorial sovereignty by the obligation to provide other states with the
opportunity to use the airspace in a certain way and under certain
conditions. Thus, for example, the right for foreign aircraft to fly over is
contracted, provided that it is not offensive and only in peace, that it is
done by airlines of the Contracting States, and the home state prescribes
rules on the acceptance of foreign aircraft, entry and exit corridors, air
flying routes, for overflights, landing and landing aerodromes and a
general safety regime on the basis of which it may require the landing of a
foreign aircraft. In order for the traffic to run smoothly and prevent delays,
i.e. to increase the capacity of the airspace, states resort to the signing of
certain international agreements, which, in cooperation with Eurocontrol,
are scientifically trying to solve problems at the national levels. The
precondition for defining a new way of organizing airspace and applying
scientific methods for increasing airspace capacity is to control that space.

Controlled airspace

Controlled airspace "is a dimensionally defined airspace in which the
control and "control of " the aircraft is performed by air traffic control,
according to the visual and instrumental flight rules and in relation to the
classified airspace. Controlled airspace is divided into several categories;
there are classes "A", "B", "C", "D", "E", "F", and "G". The rule is that a
flight must be announced and authorized by Flight Control (FC; in
Serbian KL) with an adequate flight permit, from flight to landing, during
the flight in the controlled airspace when flying by the instrument flight
rules (IFR). During the flight, the transponder "mod C" or "mod S" must
be on the plane. In this way, FC provides adequate separation of IFR-
based aircraft. FC also provides separation and "guidance" of VMC-
Visual Meteorological Conditions, which fly according to IFR rules. It is
important to note that FC is not responsible for the separation of IFR-
flying and those that fly by Visual Flight Rules under conditions without
radar identification (Skybrary. Classification of Airspace, 2018). In Figure
1, we can see the airspace dividing chart.
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Figure 1 — Distribution of airspace by classes (Federal Aviation Administration, 2018)
Puc. 1 - Knaccugpukayus 8030ywHo20 npocmparcmea (Federal Aviation Administration, 2018)
Cnuka 1 - lNodena sa3dywHoez npocmopa ro Kracama (Federal Aviation Administration, 2018)
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Figure 2 — Conditions for using particular airspace classes (Federal Aviation Administration, 2018)
Puc. 2 — Ycriosus ucrionb3oeaHusi 8030yUWHO20 NPOCmpaHcmea 8 coomeemcmeuu ¢
knaccom (Federal Aviation Administration, 2018)

Cnuka 2 — Ycnosu 3a kopuwhere odpeheHe knace ga3dywHoe npocmopa (Federal
Aviation Administration, 2018)
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The "A" airspace class represents the limited air space from flight
level FL 180 (FL-Flight Level) or 18,000 feet (<6000 m to FL 600 or
60,000 feet (=20000 m). All planes that fly to "A" "airspace classes must
comply with the IFR flight rules, have the FC license for flight at that
altitude and a height-adjustable altimeter at a standard pressure (QNE =
1013mbar / 760 mmHg), thus ensuring the required separation of planes
at horizontal and vertical levels. VFR flights in the A-class airspace are
not allowed. A-class airspace is used by aircraft that can fly at high
altitudes and high speeds for flying between major cities. In order to enter
that class, there must be an ATC Air Traffic Control, pilots must have the
prescribed flight permit under such conditions, two-way radio
communication is required as well as the monitoring and separation of
the traffic and the advisory role of FC, while there are no requirements
related to the airport (A class is limited to the altitudes from FL 180 to FL
600 and does not extend to the ground, Figure 1).

The "B" class of airspace is used around large airports and extends
from ground to a height of 10,000 feet in some cases and more. At higher
levels of the "B" class of airspace, the horizontal limit of FC liability may
be greater than 15 nautical miles around the tower (Figure 1).
Consequently, there is no universal provision of the "B" airspace class
but it is formed on the basis of airport needs, and the volume of traffic at
that airport and the geographical position of the airport itself. In class "B"
of the airspace, flights of ultra-light aircraft are prohibited. The "B" class is
remembered on the basis of the English slogan "Big City airspace”, for
the airspace above big airports, i.e. cities. For this class, there must be
an ATC license, pilots must have the prescribed flight permit for such
conditions, visual flying with a visibility of more than 3 miles is permitted,
two-way radio communication is mandatory, FC has traffic monitoring
and advisory role, and the airport is equipped with all the necessary tools
for FC in that class (Figure 2).

The "C" airspace class - if "B" is for "Big Cities", then "C" is simply
for "Cities". The spatial constraints of the "C" class are smaller than those
for the "B" class (Figure 1), only flying by FC is permitted. The control
tower in the "C" class is equipped with a radar for FC and can also
control some smaller airplanes (which cannot belong to the D class).
Ultra-light aircraft cannot fly in the "C" class without a special license
issued by FC based on a phone call or a radio call. Cities that have the
"C" class of the airspace are not big cities, but they have traffic with large
planes and normal commercial flights. In order to enter this class, there
does not have to be an ATC license, which pilots have after completed
some degree of training, but students and trainee pilots can fly in that
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class, two-way radio communication is mandatory, visual flight is allowed
with visibility greater than 3 static miles and the prescribed distance from
the clouds: horizontal 2000 fits, above the clouds is shifted to 1000 feet
and below 500 fits, traffic monitoring and advisory role of FC is carried
out, and the airport is equipped with all necessary means for FC in that
class (Figure 2).

The "D" airspace class is used for small airports that have their own
control tower. The "D" label explains the size of the airport (city) as
"Diminutive" or "Dime-sized" (reduced, small). All commercial flights are
permitted in this area, flight through this area must be announced and
approved by the control tower (FC). Radio communication is required.
Separation in this area is done by FC; such space (airport) is often used
for training flights and training of young pilots. The dimensions of such a
space are within the boundaries from the earth up to 2,500 feet high and
about 8.6 nautical miles (10 static miles) around the tower.

The "E" class of airspace is a controlled space that is not included in
"A", "B", "C", and "D" classes. The "E" class of airspace can be defined
as "E" for "Elemental" or "Everywhere airspace" (adjacent, other
airspace), and represents the space that starts from the surface of the
earth or of some indicated height (heights based on which the airspace of
the mentioned classes "A", "B", "C" and "D" is already occupied Figure 1)
and the adjacent airspace (space between classes). For example: if an
airplane is flying on an air path below 18,000 feet, it is in the "E" class. As
the "E" class, a space between two terminal FCs at a height of 14500-
18000 is defined. The class "E" of the airspace provides control of IFR-
controlled airplanes to remain in a controlled airspace as well as the
regulated separation of aircraft on the route.

The "F" airspace class is a space in which both the IFR and VFR
rules can be applied. Separation in that area is performed by FC as long
as it is practical and airplanes fly according to the IFR rules. Traffic
information can be provided until the time FC finds practical in relation to
other flights.

The "G" airspace class is an uncontrolled airspace in which VFR is
applied. The "G" class of airspace can be defined as "G" for "ground".
The upper limit of the "G" class is where the lower limit of the other
classes is. This includes the entire airspace that is not defined by the
above classes. No FC is provided in this area. To enter this class, there
is no ATC license but only two-way radio communication, visual flight is
allowed with visibility greater than 1 mile and without clouds, there is no
separation performed by the tower, but by pilots themselves based on
the traffic data obtained (Figure 2). This means that the only requirement
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for a flight in that class is required visibility for the crew and its plane.
Based on the signed international treaties, while respecting the specifics
of the relief, shape and position of the country, the Republic of Serbia
carried out the division of its airspace.

Airspace division in Serbia

The airspace of the Republic of Serbia is divided into controlled and
uncontrolled airspace. The Decree on Airspace Classes of the Republic
of Serbia introduces C, D, and G classes and the conditions for their use
(Sluzbeni glasnik RS, 106/2013). The C class airspace is applied in a
controlled airspace from the lower limits of the controlled airspace to
flight level (FL) 660, except in controlled zones and airport traffic zones
when they are active.

The D class airspace is applied in controlled zones during the
operating hours of the air traffic control units responsible for providing
services in the controlled zone except in the airport traffic zones when
they are active.

The G class of the airspace is applied:

- outside the controlled airspace;

- above flight level (FL) 660;

- in all airport traffic zones up to the levels published in the

Integrated Aviation Information Package, when those zones are

active or up to the level approved by the competent air traffic control

unit;

- in zones of sports activities, up to the levels published in the

Integrated Aviation Information Package, when those zones are

active.

VFR flying in the C, D and G classes of airspace is permitted if the
following meteorological conditions are met:
- minimum visibility in flight:
0 8 km at and above 3,050 m (10,000 ft),
0 5 km below 3.050 m (10.000 ft);
- minimum distance from clouds:
o 1,500 m horizontally,
o 300 m (1,000 ft) vertically.
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In the controlled zone, the competent air traffic control unit may
grant a VFR flight (so-called special VFR flight) below the minimum
prescribed in paragraph 1 of this Article at speeds of less than 140 kt IAS
(Indicated Air Speed) in the following meteorological conditions: 1)
minimum visibility in flight: 1,500 m (800 m for helicopters); 2) bottom
base of clouds: 180 m (600 ft). Since it is a controlled airspace, an
application for the use of a particular airspace or the use of a particular
route must be recorded and properly processed. The entry and exit from
the zone must be announced and reported to the competent air traffic
control, as this is the only way to satisfy the needs of the users and
control the capacity of the airspace. The mode of announcement and
registration of flights is defined by each state separately, with respect to
international agreements related to the standardization of the form of
flight plans that are located at each airport flight control.

Planning announcements and flight security
announcements

Planning, announcing, reporting and securing flights of military and
civil aircraft are carried out in accordance with certain regulations
determined by the national aviation authority and must be in accordance
with the signed international agreements (SMATSA, 2008). Such
regulations regulate air traffic in a particular country. The planning
regulates the modes, procedures and obligations of the air traffic control
authority. Flight planning of military aircraft represents the actions and
procedures of the competent authorities in the preparation and delivery of
the flight plan to the competent air traffic control service. Civil Aviation
Planning represents the actions and procedures of domestic and foreign
air carriers and other civil aircraft owners or holders of the right to
dispose of aircraft that are submitted to the Flight Control Agency in the
form of flight plans or flight clearance requests. The flight announcement
of the aircraft represents the actions and procedures of the flight control
service on the receipt and distribution of the flight plan to participants in
the provision of flying and the identification of aircraft in the airspace.
Airplane flight recordings represent the actions and procedures of flight
control services to provide information for the identification of aircraft to
military authorities. The flight ID is an alphanumeric series of up to 7
(seven) characters, which enables all participants in the announcement
process to register the aircraft identification in flight. ldentification of
aircraft in the airspace consists of the actions and procedures of flight
control and military authorities in order to determine the belonging of
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aircraft and compliance with the approved conditions for flight execution.
Flight security is a set of measures and procedures undertaken in order
to provide timely and complete security for the safe and efficient
execution of flights. The flight registration recognizes: airport flying, out of
the airport flight and overflight. Member States in international aviation
organizations have pledged to clearly state their needs for occupying
airspace at precisely defined time intervals by planning, announcing,
reporting and securing flights.

By its membership in international aviation organizations, the
Republic of Serbia has undertaken the commitments dictated by
organizations such as ICAQO? or the European Civil Aviation Conference -
ECAC (Republic of Serbia is a member since 27 November 2002) and
the European Organization for the Safety of Air Navigation -
EUROCONTROL (Republic of Serbia is a member since 01. 07. 2005);
also, by signing the Multilateral Agreement with the European
Commission on the establishment of the "Common European Aviation
Area" - ECAA* (Republic of Serbia has been a member since June 28,
2006), Serbia has undertaken the implementation of pan-European
programs, goals and principles contained in the ATM Strategy 2000+ (Air
Traffic Management - ATM Strategy 2000+).°> Eurocontrol's European
Sky Development Strategy is primarily designed and built because of:

- the expected increase in the requirements for the use of airspace of
all groups of users (military aviation, naval and land forces, air carriers,
general, agricultural and sports aviation),

- existing forecasts indicating a doubling of the volume of commercial
air traffic by 2020 compared to 1995,

- inability of the existing air traffic management systems - ATM
systems to satisfactorily provide growing demands. (Stankovi¢ &
PetoSevi¢, 2012, pp.211-229)

The problems encountered by Eurocontrol were primarily related to
the necessity of introducing numerous changes in the organization of

®In 2000, the Republic of Serbia renewed its membership in the ICAO International Civil
Aviation Organization, which was interrupted by developments on the territory of the
former SFRY in the 1990s.

* The legal basis for the integration of the Republic of Serbia into the European Union in
the field of air transport is the "Multilateral Agreement on the Establishment of a Common
European Aviation Area" (ECAA agreement) (Civil Aviation Directorate of the Republic of
Serbia. Multilateralni sporazum, 2018).

5 ATM Strategy 2000+ was adopted in January 2000, with the aim of improving air traffic
management capabilities with a vision for the period up to 2020.
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airspace and the organization of flights in it. Ensuring greater capacity for
overflight traffic was the main obstacle in ensuring efficient use of the
European airspace. The formed airspace structures at the national level
are complex and diverse, so the evolution of Eurocontrol's airspace
strategy for the ECAC member states aims to ensure simplification and
harmonization. The planned national airspace development strategies
cannot be developed in isolation, since each country is individually an
integral part of the European system.

The strategic goal of organizing the airspace is to move, in
proportion to the development of aircraft and increasing traffic, towards a
unique organization of the airspace called Single European Sky - SES
(Eurocontrol, What is the Single European Sky, 2018), which will
represent one space for all ECAC members. In practice, this means that
the entire airspace is not limited to national borders and provides
maximum freedom for all users, with the required level of air traffic safety,
without disturbing defense and security systems at the state level. In this
context, a key mechanism recognized by the European Commission is
the creation of a functional airspace that would be based on operational
requirements for airspace management, regardless of national
boundaries. The main project for achieving this goal is the
implementation of the Flexible Use of Airspace (Eurocontrol. Flexible Use
of Airspace, 2018) fully, without limitations. The program objectives of the
airspace strategy are:

- "development of new customized airspace structures that will better
respond to the requirements of the users for the provision of air traffic,

- achieving the unique application of airspace structures and
classification in Europe,

- increasing the freedom of movement for all users of the airspace,
and

- application of the existing improvements in the use and introduction

of new ones" (Stankovi¢ & PetoSevi¢, 2012, pp.211-229).

Eurocontrol has recognized the importance of the new organization
of airspace in the domain of economy and the impact on the overall
quality of life of citizens using flight services. The freedom of movement
of people and goods, the development of traffic and the increasing
demands of the military for the ever-increasing allocation of large areas
of airspace for training and training flights, inevitably leads to a new
organization of airspace and flight rules related to separating and
monitoring aircraft. In the space where requests for its use are increasing
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every day, and the organization responsible for its distribution (use) has
no possibility to increase it, the issue of the safety of all users is put in the
first place. Flying safety is a fundamental issue in all organizations
dealing with flying, from air carriers to the military. Eurocontrol and
national aviation authorities (civil and military) are expected to meet
safety requirements, while the security aspect of air traffic control and its
organization should be implemented by clearly defining carriers of
specific areas and identifying responsibilities. The needs of national
defense and protection must be a priority. The Republic of Serbia is
determined to actively cooperate in international frameworks, thus
confirming its desire to build peace and stability in Europe. In achieving
the goals of national security, the Republic of Serbia has been
determined to apply the concept of cooperative security within the
framework of European security structures, as well as within other
regional security associations. By signing international treaties, the
Republic of Serbia has the obligation to train and prepare civil and
military structures to fulfill obligations in the area of defense and airspace
management, which must meet both national and international security
requirements. Both the demands of the army and the demands of the
civil sector can be met by flexible airspace management which will
harmonize the requirements of different user groups. The concept of
flexible use of airspace is imposed as a solution to increase the capacity
of the airspace. The basis of the concept lies in the tendency that the
airspace is no longer defined as purely military or purely civilian, but
viewed as unique and flexibly used on a daily basis (Eurocontrol. Flexible
Use of Airspace, 2018). Accordingly, any segregation of the airspace for
a particular purpose will be of a temporary nature.

The concept of flexible use of airspace

The concept of flexible use of airspace is designed to provide
maximum flexibility in the use of airspace for the ECAC countries, where
airspace is considered as one continuum to be allocated to users based
on their daily needs (Eurocontrol. Flexible Use of Airspace, 2018). Each
separation of airspace is temporarily based on the use of that space in
real time and within a defined time frame. The airspace size is not limited
to national boundaries. The difference in the use of airspace between
civilian and military aircraft is high. Military aircraft as well as civilian ones
transport goods and passengers from point A to point B, but also have far
more demanding and complex exercises in which the use of airspace for
altitude changes and flight speeds is multiple and is realized in a very
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short time interval (training flights of combat aviation, air defense flights,
training group flights, individual and group overflights to other airports, air
patrols, humanitarian flights related to the evacuation of the population,
search and rescue, fuel feed in the air, parachute jumping and freight
throwing, supersonic interception, flight at low level by day and night,
reconnaissance flights, radar interception and interception of aircraft
without visual contact).

The challenges that arise in the implementation of the concept of
flexible use of airspace are primarily reflected in the levels of planning the
use of a particular space. Within the concept, the use of airspace is
planned and divided into three organizational levels:

o "Level 1 is strategic; planning is done on a yearly and monthly
basis. It is made on the basis of earlier plans and traffic from
previous years. It is strategically planned to take over the
airspace with conditional routes (CDR - Conditional Route) and
the zones that were active in the last year. The plan is based on
the structure of the airspace and the envisaged air traffic for that
period.

e Level 2 is pre-tactical; planning is done from seven to one day in
advance. Data is received up to seven days in advance and
distributed to the main Eurocontrol management in Brussels. The
day before the planned activities, the requirements for activating
the zones are submitted. In Brussels, the incoming requests are
analyzed and based on the priority, dislocation and relocation of
a part of air traffic is done. With this, the airspace is dislocated
from 06:00 h on the day of the start of the activities related to the
occupation of the airspace until 6: 00h the following day.

e Level 3 is tactical; planning and coordination are carried out on
the day of execution. These are changes that happen early in the
morning, such as the cancellation of certain zones or some other
changes related to already announced flight restrictions, which
are important for the smooth flow of traffic. Changes that take
place must be made until 9:00 am, local time, to the main air
traffic control center in Brussels. After that, all the changes that
are taking place, and are related to changes in the airspace, are
resolved at the tactical level between civilian and military flight
controllers." (Eurocontrol. Flexible Use of Airspace, 2018)
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Flight controllers implement the scenario provided for in the
operational plan and instruct pilots to strictly observe the planned and
displayed flight plans. Under normal conditions, there is no need for a
flight controller to react in order to further fill in flight plans because they
have already incorporated all real changes that can be made based on
the operator's options and wishes and the actual situation that the
system offers based on all existing restrictions. Conditionally, if the data
sent and come via the data delivering link become interesting / usable for
all users, the execution phase will be further developed and real-time
changes on the flight paths will be possible.

The next challenge faced by the creators of this concept was the
implementation restrictions in the ECAC countries. The limitations were
different and depended on many factors that were neither standard nor
the same for all countries. The difficulties in implementing the concept
were directly influenced by incomprehensible manuals that were
supposed to simplify the introduction of the concept into operational use.
Eurocontrol annually reported to the Member States on the degree of
implementation of the concept (Hallgren, 2009). The main
implementation difficulties were primarily related to non-standard space
(geographic size and position of the country) in which the implementation
of this agreement should be implemented and the FC system unified.
Historical circumstances in these countries and their relationships with
neighbors had direct influence, and the implementation also depended
on current political circumstances that dictated the pace of the
implementation of that agreement through the institutions of a particular
country. Requests issued by the military for airspace needs in each
country were different, with the direct impact of the military's technical
equipment and the ability to monitor air traffic. The regulations related to
the constraints and division of airspace in each country are different and
depend on the national interest of that country and the professional staff
who carried out the division of the airspace. The organization of the civil-
military cooperation at the national level had a direct impact on the speed
at which the coordination of the two systems that control airspace was
coordinated. The most important factor that had a direct impact on the
standstill in the implementation of the concept was the money that every
state should set aside for the creation of institutions and the introduction
of certain standards in order to better communicate with all factors
controlling the European sky.
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The problems that have arisen at the strategic level (Hallgren, 2009):

- The procrastination of the activities that took place nationally in the
creation of new or merging already existing institutions into the functional
units required by the concept (unified civil and military structure).

- The absence of agreed meetings for the regulation and adoption of
acts and rules on the allocation and use of airspace between the states
(border zone of the flight).

- Direct dependence on the level of civil / military co-operation
achieved at the national level.

- Some countries based the whole concept on "fixed" airspace,
which is a contradiction to the concept itself. The goal was to get one
continuum from one created sky, which everyone would use according to
their needs (both civilians and the army).

- Approach that the tools developed to improve the work of the
concept itself were used to solve problems that only occurred at the
tactical level.

The problems that have arisen at the pre-tactical level:

- Inability to see all the needs related to the use of air routes.

- Lack of data on the traffic flow and the needs of the army for flying.

- Lack of common air traffic information related to the technical
support of a particular country (radar systems, aircraft equipment, etc.).

- Limited capabilities of the air routes themselves (based on the
geographical location of a country) for changes in flight elements during
the flight.

- Restrictions related to the timetable for using a particular route or
zone. When it comes to commercial flying, the needs for new airways
and cancellled zones above (through) which traffic can be directed come
relatively late, i.e. the army is late in announcing the release of some of
the zones. The request from the military authorities for the release of
these zones is requested several hours in advance, which is too early for
them since they do not have information from their commands whether
there have been some changes.

- Co-operation and data exchange with the FC flow management is
limited.

- There was a conflict of interest in the use of conditional routes -
civilian aircraft require permanent and stable routes, while military aircraft
require flexible routes that can be changed and adapted to their needs.

- The airspace clearance is not standardized in all ECAC countries.
It arises from direct needs of civilian and military aircraft, and such
displacement was not possible beyond all state borders as planned.
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The problems that have arisen at the tactical level:

- There was no good classification and definition of airspace in
certain ECAC countries.

- The pre-tactical plan was unrealistic for execution.

- Adequate data on the spread of the concept was not available.

- Poor civil / military cooperation and coordination.

- Traffic management at the tactical level was limited.

In addition to all the challenges encountered by the creators of this
concept, the implementation perspective has not been called into
question. Forecasts that are realistic about increasing air traffic in the
coming years do not leave much room for airspace designers to handle
it. The benefits of the concept are reflected in better organization and
better planning of airspace use. Based on the data provided by the
manager of Eurocontrol Anders Hallgren (Hallgren, 2009), only for 2008,
using the FUA concept (coordination at pre-tactical and tactical levels
using conditional routes) reduced fuel consumption by 108,000 tons.
With a better airspace organization (without waiting on the ground and
rerouting), companies saved 87 million euros, while reducing carbon
dioxide emissions by 340,830 tons. If we know that from year to year the
number of flights is constantly increasing, it is easy to predict the size of
the savings achieved by the introduction of such a system. The desire to
base the airspace on a single continuum that is not burdened with
national borders allows further development of aviation and air traffic. It
provides users with maximum freedom in planning and using airspace.
The concept as such makes it clear that everyone in the air is equal and
that the use of airspace is available to everyone, but only as much as it is
necessary for the execution of planned tasks and flights. The accent is
also placed on finding such airspace that is not too much burdened by
traffic so that it can provide adequate space for training for military
aviation (space along state borders). The fact is that even though all
countries signed an agreement and embarked on the implementation of
the concept through European Commission Regulations, (EC) No
549/2004, 550/2004, 551/2004, 552/2004 and 2150/2005 (Official
Journal of the European Union, 2005) on the rules for implementation of
the concept, the concept did not come to life in all countries at a
satisfactory level. One of these countries is Serbia where its geographical
position, historical and political circumstances (Kosovo and Metohija and
Bosnia and Herzegovina), technological equipment and, finally, the most
important factor, money, have slowed down the implementation of the
concept to the full extent.
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Implementation of the concept of flexible use of airspace
in Serbia

The problems of implementing the concept of flexible use of
airspace in Serbia had all of the stated characteristics (problems) of the
implementation of the concept in Europe. Defining regulations at the
national level, while respecting all constraints of one’s own airspace and
the airspace of neighboring countries (arising from the geographical
position and the size of the country itself), had to be in line with the rules
and regulations in the world. The process of the implementation of the
concept in the Republic of Serbia (Sluzbeni glasnik RS, 69/2011) is
divided into the preparatory period and the period of introduction as in all
European countries (Eurocontrol, 2003, p.3). During the preparatory
period, the Republic of Serbia was supposed to:

- form the (National) Airspace Committee which will be responsible
for the introduction of the concept,

- review the management of FC in the environment (ATM-Air Traffic
Management environment),

- translate the concept into a national plan with the consent of the
relevant civil and military authorities,

- prepare all functions, necessary procedures, including coordination
and negotiation processes,

- prepare appropriate communication tools that will enable the
implementation of the concept at all three levels (levels 1, 2 and 3).

During the implementation of the concept, states should activate all
procedures and functions necessary for the operational execution of the
procedures at three levels of FC (ACM-Airspace Control Measures). The
minimum requirements to be fulfilled by the Republic of Serbia are given
in Table 1.
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Table 1 — Minimum requirements for the implementation of the FUA concept (Eurocontrol,
2003, p.10)
Tabnuya 1 — MuHumansHbie mpebosaHusi 0551 ocyuwecmeneHus FUA koHuenuyuu
(Eurocontrol, 2003, p.10)
Tabena 1 — MuHumanHu 3axmesu 3a umnnemeHmauyujy FUA koHuenma (Eurocontrol,
2003, p.10)

Adoption of the FUA concept by the state REC 1
1 Translation of the FUA concept into a national plan for the consent of p.8
the appropriate civilian and military authorities

Information process REC 2

2 Start the process of informing about the FUA concept as soon as 0.8
possible in order to familiarize all interested parties with it before its ’

implementation, including the publication of the AIC

Establishment of the National Airspace Committee at level 1 ACM HB
3 | Joint civil / military body responsible for implementing the concept and | para 3.2
defining the strategy of ACM policy at level 1 & 3.5.
Assessment of the current airspace and routing structure and the ACM HB
introduction of flexible airspace structures para 3.3;
4 In the upper airspace and, where applicable, in the terminal area, 3.4; 3.7,
establish manageable spaces in accordance with the accepted 3.8&
harmonized / coherent routing network 6.3.

5 Publication of the FUA structure A;:rg/l;lf’
Publication of the FUA structure in the national Air Area 24 6 3

Introducing the software or the contact point
6 Establish an official civil / military center for airspace management to ACM HB
manage flexible airspace structures where they exist, and where they | para 4.5
do not, a focal point for international coordination at level 2

Introduction of the software into the FC system ACM HB
7 Official request from the FC Director in Brussels to install a terminal para 4.5.
with the software followed by the training of the FC staff

Identification of AA

8 Establishment of units, called Approved Agencies (AAs), authorized by
the national authorities to submit requests for airspace, negotiate and
use the allocated airspace by FC

ACM HB
para 4.2.
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9 Education about the FUA functions at level 2 AaCrgA4H:I33
FC training based on the expected traffic forecasts P -

Establish a link between all concerned parties at level 2

. g , ACM HB
10 Ensure that appropriate means of communication are in place para 7.2.
between all stakeholders in FC (from the strategic level to the tactical
level)
Establishment of the FC procedures at level 2 ACM HB

11 | Ensure that the coordination procedures and the negotiation process para 4.7
are in accordance with the FUA on-site work schedule

Implementation of the real-time coordination procedures at level 3

12 Provide procedures for civil / military, controller to controller, real-time
coordination, adopted by civil and military authorities and published in
the Letter of Agreement-LoA.

ACM HB
para 5.2.

Upgrading the FC (ATM) system at level 3

Upgrade the ATM tools and communication devices between civilian

and military ATC providers to facilitate:

-Direct controller-controller communications using a direct telephone

line

13 | - automatic exchange of flight data from civilian to military controllers, Qacrg/lg'f
including the position and intent of GAT

-providing national and international data on the usability of the

airspace (CBA) to the staff of respective controls using telephones and

faxes

-use of the airspace circulation function based on a direct means of

communication (telephones)

The challenges of the implementation of the concept in Serbia were
primarily related to the lack of a clear organization that manages the
airspace (it has already been said that Serbia has renewed its
membership in the European Organization for the Safety of Air
Navigation - EUROCONTROL, 2005). In that period, there were two state
organizations in Serbia that dealt with the organization of the airspace:

- at level 2, there was the Civil Aviation Directorate (established on
January 1, 2004) (Civil Aviation Directorate of the Republic of Serbia.
About the Civil Aviation Directorate, 2018) and

- at level 3, there was the Serbia-Montenegro Air Traffic Services
Agency (SMATSA) state agency for airspace control services in the
airspace of Serbia and Montenegro (established on December 29, 2003)
(SMATSA. General overview, 2018).
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In that period, there was no organizational unit in Serbia that would
deal with the strategic management of the airspace of the Republic of
Serbia. Such an organizational unit should contain unified civil and
military processes within the (National) Airspace Committee. At level 2,
there is the Civil Aviation Directorate (CAD), but there is no military
aviation authority that solves the problems of military aircraft related to
normative-regulatory and operational-control functions (what CADs were
doing for civil aircraft). At level 3, there is the Flight Control of Serbia and
Montenegro, but there is no organizational unit from the army that should
deal with the activities in Table 1 (real-time allocation, activation and
deactivation of the airspace, solving specific FC problems and traffic
situations between civilian and military air traffic controllers, etc.).
However, the problem that required an urgent solution was the delay in
Europe's airspace which caused the activation of the TSA-01 military
zone (Temporary Segregated Area), shown in Figure 3.

FOR AERONAUTICAL DATA OUTSIDE

—
1, san, OF BEDGRAD FIR AND BEOGRADATCE
A AIRSPACE CONSULT RELEVANT

CROATIA

BOSNIA
and
ERZEGOVINA

1\2' BULGARIA

Figure 3 — Map of the air routes in the Republic of Serbia (SMATSA. Map of the lower
level of the air routes in the Republic of Serbiai)
Puc. 3 — Kapma e030ywHbIx mpacc Pecrniybnuku Cepbusi (SMATSA. Kapma Hu3ko2o
awersioHa 803d0ywHbIXx Mapuwpymos Pecriybnuku Cepbusi)
Cnuka 3 — Kapma ea3dywHux nymeea y Penybnuyu Cpbuju (SMATSA. Karta nizeg sloja
vazdus$nih puteva u R. Srbiji)
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for the caused delays in 2008.

The seizure of the zone and its non-use by the Serbian Armed
Forces (Air Force and Air Defense) caused delays in air traffic in the
southern part of Europe. Based on the data obtained from the SMATSA
Control Agency (Appendix no. 1 from 2004 to 2007), the size of the
generated delays caused by the activation of the military zone can be
seen. Generated delays were the reason why Eurocontrol insisted that
an adequate solution be found for this problem. Table 2 shows the data

Table 1 — (Pecenkovié, 2008)

Tabena 1 — Akmusayusi 3oHbl TSA-01 (Pec¢enkovic, 2008)
Tabena 2 — Activation of the zone TSA-01 (PeCenkovic, 2008)

- .. | ukupna | brojaviona | brojaviona | ukupan broj

datum  |br notama wreme rada zone | I br notama C Ikzsnjenje | Il kesnjenje kasmpeme lporA lpod avigna por,il

minuta minuta minuta | restrikciom | |restrikcjom | restrikciom
1 [1501.08. | Ad044 |11:30-12:30 CHL AQ045 0 0
2 |16.01.08. | AD046 |11:30-12:30 ? 0 0
3 |17.01.08. | ADD47 |09:00-09:30(11:00-11:30| CHL CHL  |A0048/16.01 0 0
4 |Z2301.08. | ADD4S |11:00-11:30 CHL AQO51 " 1 2 2
5 |2401.08. | ADDS2 |11:00-11:30 4 9 9 1 1
6 |01.02.08. | ADOBS |11:00-11:30{12:00-12:30 4 CHL 140 64 204 & 3 9
7 |09.02.08. | AD0SD |11:.00-13:00 CHL AQ0B1 Efi 7 2 2
g |11.02.08. | AD0G2 |12:00-14:00 CHL ? 0 0
9 |1202.08. | AD0B6 |09:00-10:00|11:30-12:30 4 4 0 0 0 0
10 [20.02.08. | A0095 |09:00-09:3011:30-12:00 4 CHL 0 78 75 0 7 T
1 [27.02.08. | A1 [10:00-11:00 4 135 135 8 5
12 [07.04.08. | ADM87 |10:00-11:00 4 8 E] 1 1
13 [08.04.08.| AO183 |08:00-09:00|11:0012:00) CMNL CML Ad193 0 0
14 [08.04.08. | AD194 |11:.00-12:00 4 73 13 0
15 [11:04.08. | A0205 |11:.00-12:00 CML AL208 45 45 3 3
16 [12.04.08. | AD211 |0%:.00-10:00 CML ? 1 61 0
17 [14.04.08. | AD217 |10:00-11:00 4 150 130 7 1
18 [15.04.08. | AD218 [12:00-13:.00 4 B9 69 & [
19 [16.04.08. | ADZ20 |17:00-12:00 CNL ADZ2115.04. 0 0
20 |07.05.08. | AO255 |0G:00-09:00 RH] 53?7 0 1 1
21 |07.05.08. | AO256 |09:00-10:00 4 ki k1 2 2
22 |28.05.08. | AOZ95 |09:00-10:00 4 39 39 1 1
23 |04.06.08. | AO300 |16:00-17:00 CHL AQ305 0 0 0
24 |05.06.08. | AO303 |10:00-11:00 4 0 0 0
25 |06.06.08. | AO308 |10:00-11:00{15:00-16:00 CHL CML  |A0313/05.06. 0 0 0
26 |03.10.08. | AOB04 |08:00-08:30(10:30-11:00] CHL CHL AQBO7 0 0 0
27 |06.10.08. | AO613 |08:00-08:30{10:30-11:00 4 CHL 26 26 2 2
28 |06.10.08. | AOB23 |10:00-10:30 4 114 114 11 11
29 |09.10.08. | AOB26 |09:30-10:00{11:30-12:00 4 CHL ADB31 0 28 25 0 1 1
30 [13.10.08. | AOB35 |10:00-10:30 4 21 21 4 4
972 164 1136 M 1 65

4 18 47%
CNL 20 53%
UKUPNO 38

Table 2 shows the dates of the activation of the TSA-01 zone by the
Serbian Armed Forces. The section datum (the date) gives the days
when the zone was activated by the Serbian Armed Forces for the period
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from January to October 2008. In the NOTAM® number section (broj
notama), the NOTAM numbers by which the zone is activated are
registered (based on the number of the NOTAM, the work plan in the
zone, the zone activation time and the height reserved by NOTAM can
be checked). The zone activation time represents the time period in
which the zone is occupied; by one NOTAM, two different time periods of
the zone can be activated (January 17, 2008, number A0047 from 09:00
to 09:30 and by the same NOTAM the activated zone for the period from
11:00 to 11:30; the same is the case for the days of 01.02.2008,
20.02.2008, 08.04.2008, 06.06.2008, 03.10.2008, 06.10.2008, and
09.10.2008). The columns presented in Roman numerals "I" and "[I"
indicate whether the flight was executed (marked with "V") or not
(canceled by "cancel - CNL"), for the first zone activation period and for
the second zone activation period. On February 1, 2008, February 20,
2008, October 6, 2008 and on October 9, 2008, the flights in the first
zone activation period were executed while they were canceled for the
second period. Such cases occur when one-day flights are performed at
supersonic speeds (Ma-2,05) and high altitudes (H>20.000m) - such
flights are performed after the replacement of the engine on airplanes. It
is often a case that some flaws are found on the plane after the first flight,
making it impossible to go to the ceiling of the flight, and that is why the
second flight is canceled. The broj notama C section (NOTAM number C-
cancel) contains the NOTAM numbers with which the annulment of the
already published NOTAM that activates the TSA-01 zone is entered. A
new NOTAM again allows flying over our country. The table also shows
cases with a date besides the published NOTAM which means that the
SA canceled the published NOTAM the day before (24 hours earlier it
was found out that the plane would not be ready for the flight because of
its technical conditions) that activated the TSA-01 zone. In practice, this
means that the originally published NOTAM was not activated on the
specified date and had no impact on the traffic flow. Such an example
can be seen for the day of January 17, 2008. when the zone was
activated by NOTAM AQ0047, but the day earlier on 16.01.2008 it was
deactivated by NOTAM A0048. For the days when there is no date next
to NOTAMs that deactivate activities in the TSA-01 zone, it means that
the flight was canceled due to adverse weather conditions or a technical
fault had been identified before or during the takeoff. In sections I delay

® NOTAM - Notice to Airmen is a notice submitted by the authority responsible to Air
traffic control to warn pilots with potential risks along the flight route or at a location that
could affect flight safety.

395

Elenkov, M. et al, Challenges of the implementation of the concept of flexible use of airspace in the Republic of Serbia pp.374-402



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2019, Vol. 67, Issue 2

in minutes, Il delay in minutes, and total delay in minutes, there is the
data on the additional aircraft retention on the ground from their planned
take-off times (start of the engine). The delay times are generated by the
software in Brussels thus minimizing the total delay caused by the
activation of the TSA-01 zone. "I minute delay" and "Il minute delay”
refers to the total time of the zone operation and whether the zone was
activated twice in one day. "Total delay in minutes" represents the sum of
the first two delay sections and shows the size of the delay in one day
caused by the activation of the TSA-01 zone. The table shows that for
the days when the zone was deactivated on time (24 hours earlier) there
were no delays (January 17, 2008, April 16, 2008, and June 6, 2008).
The sections the number of aircraft under restriction I, the number of
aircraft under restriction Il, the total number of aircraft under restriction
give the values of the number of aircraft that are covered by the delay,
i.e. the number of aircraft assigned to some delay time. We see that the
regulation of the airspace does not have to have an impact on the air
traffic above our country - for the indicated dates (on 12.02.2008,
20.02.2008, 05.06.2008, and 09.10.2008) the activation of the zone did
not have any impact on the planned traffic. But on October 8, 2008, the
use of the zone had an impact on 11 aircraft which were included in the
restriction, resulting in a total delay of 114 minutes. In all other cases, the
number of aircraft covered by the restriction was in the range from 1 to 7.
The total delay of 1136 minutes or almost 19 hours refers to the given
period, with the use of the zone for 30 minutes. From the summary in the
additional table shown below Table 2, it can be seen that the zone was
used only 18 times for 30 minutes each time, a total of 9 hours. Using a
zone of only 9 hours causes a delay of 19 hours. For each hour of
activation of the zone on the European sky, a delay of two and more
hours is caused. In order to stop this practice of creating "delays" in the
sky of Europe, it was necessary to find an adequate solution that would
satisfy all stakeholders.

Serbia had to respect the signed international agreements. After the
meetings of the Serbian Arned Forces (Air and Air Forces) and SMATSA,
a proposal was made to establish a department for civil-military
cooperation at level 3. In early 2006, under the Command of the Air and
Air Forces on the premises of SMATSA, a Department for the control,
protection and allocation of airspace was established. This department
deals with the allocation of airspace at the tactical level (level 3). This
department is in charge of contacting the Eurocontrol Network Manager
in Brussels responsible for monitoring the capacity and flow of air traffic
at the European level. By establishing this department and coordination
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at the tactical level, Serbia has entered the ranks of countries that have
effectively applied the concept of flexible use of airspace.

The obligation to establish the National Air Level Committee at level
1 (a joint civil / military body responsible for the implementation of the
concept and the definition of an airspace management strategy) was met
in 2013. Bearing in mind the need for changes to include the function of
civil-military coordination in the management and allocation of the
airspace, in accordance with the signed European Common Aviation
Area Agreement, the Government of the Republic of Serbia adopted
Decision no. 02-10323 / 2013 (Sluzbeni glasnik RS, 106/2013) which
established the National Aviation Committee responsible for the strategic
management of airspace. It is competent to provide efficient airspace
management at the strategic level, ensuring that the use of airborne
structures and routes is carried out in a safe and efficient manner by
respecting the requirements of all airspace users.

The Directorate of Civil Aviation (DCA) is "an organization that is
responsible for issuing regulations and first instance administrative acts,
issuing public documents, keeping records, auditing aircraft operators,
participating in the work of international aviation organizations and
institutions and their working bodies and cooperating with competent
authorities of other countries in the Republic of Serbia". The DCA in the
Republic of Serbia represents level 2, airspace management.

With this analysis of the formed organizational entities and units
(National Aviation Committee - Level 1, Civil Aviation Directorate-Level 2
and SMATSA and Air Traffic Control, Protection and Allocation
Department-Level 3), the impression is that Serbia has rounded up the
process of forming a structural and a legal framework for the smooth
implementation of the concept of flexible use of airspace in the sky of
Serbia. The process of implementing the concept of flexible use of
airspace has not yet been fully completed, and work is still under way to
link all levels into one functional entity. In order to solve the problem
adequately, it is necessary to establish a Military Aviation Authority in the
Republic of Serbia. The first indication that Serbia is heading in the right
direction is the fact that the problem of airspace capacity is getting the
attention of the decision-makers in the Serbian Government. The fact
that the Government of Serbia has adopted a Conclusion on determining
the national airspace management policy of the Republic of Serbia is a
serious fact that the problem is seriously understood. The Conclusion
confirmed the attitudes towards establishing: "organized, efficient and
integrated airspace planning and management, as a common resource
for all categories of users, which is used in a flexible and transparent
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manner, while taking into account the needs of defense and security,
environmental protection and obligation arising from confirmed
international agreements, membership in international aviation
organizations and international standards and recommended practices"
(Sluzbeni glasnik RS, 8/2014). The upcoming activities will show whether
this Conclusion was a list of wishful thinking or a list for resolving the
problem of airspace organization in Serbia and the desire to implement
the concept in the sky of Serbia to the full extent.

Conclusion

The needs expressed for the use of airspace are far greater than the
current capacity of airspace in Europe. Growing needs have imposed a
completely new approach in understanding and organizing airspace as a
space where numerous activities are carried out by various users. To this
end, new air quality standards have been established by the organization
responsible for the airspace of Europe (Eurocontrol in Brussels) and new
strategies have been developed that differently define the organization
and management of the airspace in the sky of Europe. In addition to the
Single Sky Europe and the ATM 2000+ strategy, a very important
European airspace program is also the concept of Flexible Use of
Airspace as a program that is a prerequisite for achieving all other
strategies, concepts and programs. The paper presents how to
implement the concept of flexible use of airspace in Europe and the
Republic of Serbia. It was concluded that the concept has not yet been
completed in all European countries. All the countries of Europe have
common problems such as problems of non-standard airspace, historical
and political circumstances, technical equipment of the army and poor
civil-military cooperation, but in the first place in all European countries
there is money as the main reason why the concept has not yet been
applied and come to life in the sky of Europe. The concept has proven
that only a scientific approach to addressing airspace capacity can help
airline companies to save by reducing fuel consumption, carbon dioxide
emissions, airborne delays on the ground, or rerouting. Serbia has
created a legal framework for the implementation of the concept and has
started with the formation of organizations that would be responsible for
the concept. In Serbia, there are: National Aviation Committee - level 1;
Civil Aviation Directorate - level 2; SMATSA and Airspace Control,
Protection and Allocation Department - level 3. A problem that has not
yet been solved is the absence of an aviation military authority that would
perform normative-regulatory and operational-control functions (what the
CAD does in civilian affairs).
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The result of this paper is also the understanding of the impact of the
signed international agreements on the development of the airspace of
the Republic of Serbia through observation and deliberate clarification of
the significance of the implementation of the flexible use of airspace in
Serbia.
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YnpaeneHne BoeHHO-BO3AYLLIHbIX ¢ U [pOTMBOBO3AYLLIHON 0O0POHI,
r. Benrpag, Pecnybnuka Cepbus
YHuBepcuteT 06opoHsb! B . benrpaa, LLkona HaunoHanbsHOW 060pOoHbI,
r. benrpag, Pecnybnuka Cepbus

PYBPWKW: 50.01.87 TpaHcnopT, 10.87.73 MexayHapoaHoe BO3AyLLUHOE NpaBo
BWO CTATbW: npodeccrnoHanbHasa ctaTbs
A3bIK CTATbW: aHrnunckun

Pe3swome:

B OdaHHOU cmambe npedcmasneH aHanu3 KoHuernuuu aubkozo
ucrornb308aHUs1 8030yUIHO20 rpocmpaHcmea, dernasi 0cobblili akyeHm Ha
8bI308bI npu ee eHedpeHuu 8 Pecnybnuku Cepbus, y4Yumbieas ece
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npobriembl, Cesi3aHHbIE C pas3MepoM U 2paHuuyamu 8030YLHO20
npocmpaHcmea. Hado nodyepkHymsb, 4mo rnpobremoli pa3mepos u
epaHuy, 8030yWwHO20 [pocmpaHcmea, makXke Kak U eornpocamu
8030yWHbIX Mapuwipymos 6o Bmopol mupogol 8oliHbI 8 Egporie HUKMO
8cepbe3 He 3aHUMAICS, 10 NMPUYUHE Masio2o Korudecmea rosemos 8 me
epemeHa. B kadecmee peuweHusi Hacmosiwel npobrembl asmopbl
OGaHHOU cmambu npednazaom yrydweHue opeaHusauyuu 8030yUHO20
npocmpaHcmea Eeporbi, Ymo HarnpsMyro enusiem Ha opaaHu3auuro U
cmpameauro passumusi 8030yLWHO20 MPOCMpPaHCcmea 8cex esponeliCKuUX
cmpaH, 8 mom yucrie u Pecriybnuku Cepbusi (kak 4dneHa u rnoonucyuka
Mexx0yHapOOHbIX OpeaHu3ayul, Komopble 3aHuMaromcsi yrpasrieHuem
aguamapwipymos U opaaHu3auueli 8030yWHO20 pocmpaHcmea).
KoHuenuyusi a2ubkoao ucrosnib308aHusi B8030yWHO20 fpocmpaHcmea
OomkHa pewums amu  rpobriembl. OOHako Ons  eHeOpeHus
8biweynoMsiHymoU KoHuenuuu mpebyemcsi nepecMompems paHHee
3aKoHoOameribeKue u Op2aHuU3ayUOHHbIEe HOpMamueb!, u
COOMBEMCMBEHHO  epeoHadyasibHo  docmuYb HauuoHarbHo20
KOHCEeHcyca, 8 uensx rnocrnedogameribHo20 8HeOpeHuUsi  OaHHOU
KoHyenuuu. [Mpobriembl, € KOMOPbLIMU CMOJIKHYSUCL —co3damernu
KoHyenuuu e Espone u Cepbuu u peweHusi, KoOmopblie Mo2ym oMOYb
pewums smu npobnembl npedcmassieHbl 8 Hacmosiwel pabome.
Cmpykmypa pabombl bbinia opaaHu30o8aHa 8 sude 0meemos Ha MHoaue
Krrouesble 80orpockl o daHHoOU memamuke, rpusedeH 063op npobrem,
CBs13aHHbIX C pPasMepoM U 2paHuuamu 8030yWHO20 fpocmpaHcmea u
YrlyqWweHHbIX repcriekmus, Komopble oxudaromcesi 8 briuxalwee epeMs;
rnpueedeHa  corlocmasumersibHasi — Knaccugukayus — 8030YWHO20
rnpocmpaHcmea;, a makxe MemoObl MIaHUPOBKU, peaucmpauuu u
obbsienieHUU O rforieme, ornucaHa KOHUENuusl eUbKo2o UCMOSb308aHUSsI
8030yWIHO20 npocmpaHcmea U 0C8eleHbl Mpobrembl npu  ee
npumereruu 8 Pecriybriuke Cepbus.

Kniouesble  croga:  KoHuenuusi,  8030yWHOEe  MpocmpaHcmeo,
Pecnybnuka Cepbusi, Eepocors, wmexdyHapoOHble oOpaaHu3ayuu,
asuamapupymai.

M3A30BN MMMJIEMEHTALUWJE KOHUEMNTA ®JIEKCUBUNHOI
KOPULWHEHA BA3AQYLWHOI NMPOCTOPA Y PEMNYBENULU CPEUJIN

Murnan M. Enenkos®, Xamuya A. EepMLua6, Ueop W. Eapvm.wlh6

@ Bojcka Cp6uje, KomaHaa PaTHor BasayxonnoBcTBa U NPOTUBBAa3AyXOMNnoBHe
onbpaHne, beorpaa, Penybnuka Cpbuja
YHuBepauteT ogbpaHe y beorpagy, LLkona HaunoHanHe ogbpaHe,
Beorpag, Penybnuka Cpbuja

OBJIACT: Ba3ayLHu caobpahaj

BPCTA YJ1AHKA: cTtpy4Hu pag
JESNK YJTAHKA: eHrneckm
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Caxemak:

Y paldy je aHanusupaHa umnremMeHmauuja kKoHuenma grekcubunHoa
Kopuwhera ea3dywHoe rpocmopa y Penybnuyu Cpbuju, Koju ce basu
npobremuma Koju ce o0Hoce Ha Karnauyumem 8asdyuwiHoz ripocmopa. [pe
Hpyeoe ceemckoe pama Kanauyumem e6a3dywHoz npocmopa U asuo-
caobpahaj koju ce o0dsujao y HeMy Huje 036urbHUje pa3mampaH y
Esponu, 3602 4qumeHuue Oa je 6poj nemoea y mom repuody b6uo
penamusHo marnu. [JaHac ce mpaxu Oa ce 8asdywHu ripocmop Eeporie
bos/be oOpzaHusyje, wWmo OUPEeKMHO ymu4ye U Ha ope2aHu3auujy u
cmpameaujy paseoja 8a3dywHoa rpocmopa ceux 3emasba y Eeponu, na
u Penybnuke Cpbuje (ka0 nommnucHUka U 4naHa wMmelyHapoOHUX
opeaaHu3aluja koje ce baee yrpasrbareM caobpahaja u opaaHu3sayujom
sa3dywHoe npocmopa). KoHuenm  ¢bnekcubunHoz — Kopuwhera
sa3dywHoe rpocmopa mpeba 0a 04 pewere 3a maj npobrem. Hbezosa
uMnieMeHmauuja 3axmesa Heka 3aKOHCKa U opeaHu3auujcka peuwera,
ra je Heorixo0aH Wupu HauuoHasHU KoHceH3yc. [pobrnemu ca kojuma cy
ce cycpernu meopuu KoHuenma y Eeponu u Cpbuju u pewera Koja cy
OoHema npedmem cy oeoe pada. Calpxaj pada USOXEH je Kpo3
HeKornuko numarsa: dam je ocepm Ha rpobrem Kanayumema ea3dywHo2
rnpocmopa u riogehare Koje ce o4YeKyje y HapedHom rnepuody; npuxkasaHa
Je nodena 8a3dywHoz npocmopa y ceemy u KOO Hac; OrucaH je Ha4yuH Ha
Koju ce epwu nnaHuparbe, fpujasa U Hajasa siemosea, Kao U cam
KOHUenm  ¢bnekcubunHoe kKopuwhera 6a30ywHoz npocmopa U
rpobrieMu Koju ce jasrbajy npu npuMeHuU KoHyernma y Cpbuju.

KrbyuHe pedu: koHuenm, ea3dywHu rpocmop, Penybnuka Cpbuja,
Esponcka yHuja, mefjyHapoOHe opaaHu3ayuje, aguo-caobpahay.
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Abstract:

The paper discusses the concept of construction and monitoring of
capacity changes - the volume of the "Garajevac-Istok" excavation
(mine), located in the cadastral municipality of Novi Be¢ej. Namely, in
the earlier period, the physical surface of the Earth and geospace in
general were shown two-dimensionally (2D), in a plane, by some of
the cartographic methods (contour lines, points heights, hypsometry)
or three-dimensionally (3D), by modeling of reliefs and relief cards.
The cartographic principles of terrain making and visualizing on relief
mapping models allow the creation of 3D views, but not enough
quality and engineering precise 3D terrain models. In addition, there
is a possibility of quantitative and qualitative assessment of the
terrain on the mentioned models not to be accurate enough.
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With new technologies, the 3D geospatial display mode changes, and
the concept of digital terrain modeling (DTM) is being applied. The
main goal of the work is to create 3D models and to give an analysis of
the "Garajevac-Istok" mine for a certain period of exploitation.

Key words: maps, GIS, volume, changes of terrain, DTM, analysis.

Introduction

The elevation of the terrain (relief) in the cartographic sense can be
represented by contours lines, shadows, hypsometry or their combination.
Today, GIS technology, i.e. the digital terrain modeling (DTM) method, is
increasingly used. Namely, DTM is the mathematical (statistical) representation
of the continuous terrain surface based on a representative set of data in the
form of points, lines and other characteristic details collected on the ground (Li et
al, 2005). The surface of the terrain in a digital form can be presented in three
ways (Figure 1):

e contour lines;
o the function of the two variables; and
e volumetric (volume) model.

Figure 1 — Terrain preview: a) contours, b) functions of the two variables Z=f(x,y),
¢) volumetric
Puc. 1 — OmobpaxeHue mecmHocmu: a) KoHmypsl, b) coyHkyuu d8yx nepemeHHbix Z = f
(x, y), c) obbemHoe
Cnuka 1 - lNpuka3 mepeHa: a) uzoxuricama, b) pyHkyujom 0eejy sapujabnu Z=f(x,y),
c) sonymempujcku

The subject of this paper is the geomorphological changes in the terrain
and the capacity of the "Garajevac - Istok" surface mine in the cadastral
municipality of Novi BecCej in the period of 2015, and a comparison with the
situation from the period of 2014 and 2013. The analysis of the changes and the
comparisons is done by calculating volume and by making terrain profiles. Also,
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the comparison of the condition of the terrain from 2015 is shown by the curve of
the capacity (volume) in relation to the physical - topographic surface and the
creation of profiles for the purpose of future use of data in the analysis and
maintenance of the land using DTM.

Geospatial data is collected and processed automatically to obtain 3D field
models in raster or vector formats (Cross & Moore, 2014). The visualization of
field changes can be accomplished by using heights or depths, or can be
described using a profile (Ceylan et al, 2011).

Calculation of the excavation and excavation capacity for each part of the
capacity curve with regard to the surface is based on the prism calculation
method (Omura & Benton, 2013). The procedure consists of calculating the
partial volume of the excavation between the two contour lines. Namely, the
partial volume is calculated from the mean surface of the contour (the upper and
lower contour of the part "height-depth" being examined), multiplied by the
difference in the height of these two contour lines (Chappel, 2014). The surface
of the contours can be obtained using GIS or the CAD technology using a
digitized map with contour lines (Arrighi & Soill, 1999). When calculating the
cubature in a given region for different epochs in which the change is monitored,
it is first necessary to define the position (horizontal) surface A, which occurs by
projecting the 3D surfaces on the horizontal plane along the vertical (Figure 2).

Figure 2 — Calculation of a volume based on a) TIN and b) Grid model
Puc. 2 — Pac4em obbema, ocHogaHHbIl Ha a) TIN u b) Mpud modenu
Crnuka 2 — PayyHare Kybamype 3acHogaHo Ha: a) TIN u b) 'pbud modeny

The volume V; of the triangulation prism from Figure 2 under a) can be
determined by the formula:

Z,+72,+12
1 2 3
Va_—xAA

where the distances (height) of the DTM points to the horizontal plane. Similarly,

for DTM in the form of Grid (Figure 2 under b), the volume V, can be determined
according to the formula:
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L+, +2,+1,

4 x A

Based on these two formulas, the volume V of the excavation and the
embankment, and based on the DTM engineering design can be expressed:

Vv,

v :VoriginaIDEM _VneWDEM

In addition, the resulting values for V can be interpreted as V > 0 for the
excavation, V < 0 for the embankment, and V = 0 when there are no changes.

Methodology and technology of work

The main task in this paper is to calculate the soil (clay) mass of cubes, in
order to monitor excavation changes as a result of continuous exploitation for a
certain period of time. The implementation process is based on the methods of
forming a 3D terrain model for the previous period and the period after
exploitation. All modeling and computation of changes and volume masses are
carried out in software packages for geo-engineering works (Chappel, 2014).

In addition to the primary task in the work, the control of the display was
performed as well as the verification of the calculation of the volume through the
transversal profiles, the analysis of the obtained DTMs, and their visualization.
The time periods included in the modeling relate to 2013, 2014, and 2015; more
precisely, the 3D models are formed on the basis of data related to changes
throughout the entire year (January - December).

Research area

The location covered by the work is located in the Central Banat District,
the municipality of Novi Becej, the cadastral municipality of Novi BecCej, on the
eastern border of the construction zone of the city in the area "Garajevac"
(Figure 3).

Figure 3 — Display of the the area covered by the work
Puc. 3 — OmobpaxeHue nnowadu, oxea4eHHoU pabomamu
Cnuka 3 — lNpuka3 nodpyyja koje je obyxeaheHo padom
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The plot itself, i.e. the land, belongs to the construction company "Polet"
AD, Novi Becej, which realizes the excavation of clay for the needs of the
production of construction products (tile, brick, ceramics). At the site, there was
already one mine on the west side of the mine covered by this work, which had
been exploited in the past, until the moment when all the land owned by the
company was used. At that time, the land was purchased for the purpose of
opening a new mine, which is being discussed here, in order to provide raw
materials for production needs.

Data collection for the DTM formation

For DTM, relevant data on the surface of the terrain to be modelled are
necessary (Silieg et al, 2018). For this purpose, relevant data from digital
substrates - geodetic plans, which were formed in previous measurements and
area analyzes, were used. The existing data in a cartographic form are in CAD
formats, where the main carriers of relevant information are points whose
positions are described by the x,y,z coordinates, contours and symbols applied
to describe topographic relationships of objects (Figure 4).

& |w|® % e |% =

Figure 4 — Existing digital cartographic data
Puc. 4 — Cywecmsyroujue yugposbie kapmoepaghudeckue 0aHHbIe
Cnuka 4 — lNocmojehu duaumanHu kapmozpaghbcku nodayu

It is necessary to adapt data for the needs of DTM modeling to enable the
required processing (Zhang, 2005). This is generally done by raising the points
and isohypses into the 3D space, since in the original state they are set
horizontally with the written heights.

Since the excavation of the material - clay takes place throughout the year,
more precisely from the beginning of the spring to the beginning of the winter, it
is necessary to collect data for each year from the field in order to monitor the
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changes in the terrain created by the excavation. The field work of data
collection is mainly conducted at the end of the year, i.e. after the completion of
the excavation for that year. It is practiced that at the end of the year, the current
state of the excavation is measured due to favorable meteorological conditions
and reduction of field work at the end of the year, when the measurement
conditions are worse (Zhang, 2005).

For terrain surface capture, a terrestrial polar method of total cell
measurement was used (Simon & Howel, 2007). The working group consists of
four people: two geodetic experts - the more experienced one organizes the
measurement process itself and keeps the record/sketch of field measurements
(Figure 5), while the other one works with the instrument, and two assistants
carrying prisms.
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Figure 5 — Field sketch of the measurement
Puc. 5 — Ocku3 rnoneeoeao uaMepeHust
Cniuka 5 — TepeHcka ckuuya cHuMara

The geodetic basis for the measurement is established in previous
measurements, and relies on the state trigonometric and polygon network.
During recording, all measurement data are automatically stored in the total
station, so it was not necessary to conduct additional recording minutes other
than a sketch of the recording. This also enables simple data transfer in a digital
form from the instrument to the computer memory. Recording takes place
according to all the rules of the profession (Environmental Systems Research
Institute, 2010). The accuracy class is prescribed by the project task, which is
compiled by the investor and amounts to:

- standard deviation of the horizontal position < 50cm; and

- standard deviation of the vertical position < 5cm.
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Since it is monolithic excavation (Figure 6), the recording is performed on
profiles at distances of 25m, with exceptions in places where significant changes
in the terrain occur, and where the recording is swollen by points. This way of
generalizing during recording ensures that the required accuracy is achieved in
terms of describing the real surface of the field.

Figure 6 — The excavation site
Puc. 6 — M306paxeHue Kapbepa
Cniuka 6 — U3zened uckona

In this paper, AutoCAD was used for data preparation, creation of
breaklines (structural lines), insight and definition of the model scope as well as
for neglecting the existing data that have no impact on modeling. Also, the
AutoCAD software package can be used to model 3D complex objects that can
be arbitrarily measured, tilted, rotated, and displayed in projections, views and
transverse profiles from all directions, etc. (Chappel, 2014).

AutoCAD Civil 3D is a program designed for engineering in construction
and geodesy (Autodesk, 2018). It is used for designing, analyzing, producing
documentation, visualizing, etc. It relies on an AutoCAD work environment and
built-in functions with extensions that allow for additional design options related
to the application area (Chappel, 2014). In this paper, AutoCAD Civil 3D was
used to create DTM, to calculate the cubature of the soil mass, to control
modeling and calculations, as well as for various analyzes and visualizations.

Formation of digital terrain models in the TIN structure

The first step in forming DTM is to prepare data in AutoCAD. After the
recording is completed, the data is stored in the computer memory in a specific
format (dwg, dxf, txt, etc.). Data processing starts with loading the new recorded
data onto the existing map formed in the previous year (in this case, 2012). This
is presented in Figure 7.
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Figure 7 — Downloading the recording data onto the existing map
Puc. 7 — 3aepy3ka 3aMepeHHbIX OaHHbIX Ha Cywecmesyrouwyto Kapmy
Cnuka 7 — Yyumasare no0amaka CHUMar-a Ha rnocmojehy kapmy

The measurement data from the current year are shown in red and in the
following text, for easier explanation, they are called calculative data, while the
data from the previous year in black are called zero states.

Points are loaded as 3D, i.e. they are positioned on all three coordinate
axes (x, y and z). After that, the structural lines are defined by connecting the
points with 3D polylines (Figure 8), which, based on the acquired experience,
will play a major role in the quality development of DTM. The connection is done
on the basis of the field sketch, in which the characteristic lines are indicated, as
an essential element.

Structural lines are very important in the formation of DTM. They introduce
a limitation during triangulation which says that the triangle sides connecting the
points (the vortices of the triangles, knots) should not cut the structural lines
(Silieg et al, 2018). The map thus formulated serves as a starting point for
further work. In addition, data that will be further used for the DTM formation
(points, lines, contours) should be selected.

In this paper, since the field data were collected in the previous years,
points are generally used as basic data, complemented by structural lines. It is
recommended that prior to moving to the DTM model, those data that are of
greater significance should be selected and extracted for easier processing in
later stages (Li et al, 2005). For this reason, data are also extracted here by
such selection, where only data that are in the scope of the new state are taken
from the old set of data, while others are ignored because they have no effect on
the formation of DTM (Figure 9).
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Figure 8 — Construction of the structural (course and ridge) lines
Puc. 8 — lNpoekmuposaHue cmpyKkmypHbIX TUHUU
Crniuka 8 — KoHcmpyucare cmpyKmypHUX fTUHuja

Figure 9 — Separation of the data based on which the DMT is formed
Puc. 9 — BbideneHue daHHbIX Ha OCHO8aHUU Komopbix co3daemcs LIMM
Cnuka 9 — N30sajarbe noGamaka Ha 0cHosy Kojux ce chopmupa MT

This sort of data is saved as a new .dwg file, which is processed further on.
After that, the DTM is modeled in AutoCAD Civil 3D. The previously prepared
data are loaded into the program. The display is identical to that of the classic
AutoCAD. In the left part of the program, there is a toolbar (ToolSpace) with
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different models. The Surfaces option is selected, and the right click is applied to
create new surfaces (Figure 10).

=-[) prekloplienc | racunanje - palazn... 3
i Points i
A Creste Surface X
Tyme: Surface layer:
Thsurface ~ =
[B] Catchments pam—— e 1
e Ji) pips Netwerks [ pr—
i ) Pressure Networks. = Novo starje H
i [ coniders Desmriztion Desmiztion
L Style Standard
Randr Materil Byleyer
[E] View Frame Grous
5-[#] Data Shaneuts []
(% Surfaces
W 7g Alignments
-2 Pipe Metworks =
T Pressure Networks \;Iu" selecting OF wil reate In the it af sur
[F view Frame Groups

Figure 10 — Creating new surfaces in AutoCAD Civil 3D
Puc. 10 — MNpoexkmupoesaHue Hosoli mecmHocmu 8 AutoCAD Civil 3D
Cnuka 10 — Kpeuparse Hose nospwiu y AutoCAD Civil 3D

Namely, a window with the basic surface settings appears, where the
surface type, in this case the TIN structure, is selected as well as other settings
such as the choice of layers, display styles, etc.. After that, the surface itself is
defined by adding the data on which the modeling will be done. Given the input
data type, and these are 3D points, the option of adding points is chosen (Figure
11).

& Add Points From Drawing Objects =

Cancel e

Figure 11 — Input data (3D points)
Puc. 11 — BxodHble daHHbIe (3 moyku)
Cnuka 11 — ¥YnasHu nodauu (34 mauke)
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A 3D terrain model was created, i.e. DTM. In the style of the created
surface, isohypses with the one-meter equidistance were selected (Figure 12).
Visual inspection shows that the contour lines do not represent the given terrain
well.

= % P = =
: ”:‘/-— % N “___ m"' ) - _
M - <) N - -
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Figure 12 — Appearance of the isohypses of the created DTM
Puc. 12 — Bud u3soeurcsi, paspabomaHHol LIMM
Cniuka 12 — N3ened usoxuricu kpeupaHoa AMT

In order to confirm the doubts about the created model, it is necessary to
see it in some other views. A 3D view was selected in a realistic form (Figure
13). What is suggested from the display of the isohypses is confirmed by the 3D
view, i.e. the obtained model is not good. The reason for this is the note
described earlier, relating to the structural lines. Since the bottom of the
excavation has a shape of a saw, it is expected that it will be the same on the
model as well. Namely, in these places there are sudden ridges of the terrain
and they must be taken into account, i.e. the structural lines already created as
3D polylines.

The input of the structural lines is done in the tool space, where the surface
of the new condition is selected by right-clicking on the Breaklines option. After
that, there is a selection of 3D polylines which are constructed in the previous
steps, in the same way as in the selection of points. Once the selection of a set
of structural lines is confirmed, the program automatically processes the 3D
model that obtains a new appearance (Figure 14).
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ECEEED RS

Figure 13 —3D model view in a realistic form
Puc. 13 — U3obpaxeHue 3[] modenu 8 peanucmuyHol ¢hopme
Cnuka 13 — lNpuka3 3] modena y peanucmuyHoj chopmu

=@

$|w ®AaTS o G

FoNT 40

Figure 14 — Appearance of the DTM after adding the structural (course and ridge) lines
Puc. 14 — UsobpaxeHue LIMM riocrie dobasneHusi cmpyKmypHbIX JIUHUL
Cnuka 14 — Uzened [JMT HakoH do0agar-a CmpyKmypHUX JIUHUja

By visual inspection of the model and the comparison with the actual

surface of the terrain (Figure 15), we can conclude that the formed DTM
satisfactorily represents the real physical surface.
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Figure 15 — Appearance of the actual surface of the terrain
Puc. 15 — UzobpaxeHue Hacmosiwel nosepxHocmu MecmHocmu
Cnuka 15 — U32ried cmeapHe nospuwiu mepeHa

The DTM was created in the TIN structure for 2013, and in this paper it will
present the first zero state in the calculation of the volume. After that, it is
necessary to create the DTMs for 2014 and 2015, according to the same
procedure as explained for the 2013 3D model (Figure 16).

Figure 16 — DTM for years: 2013 (first on the left), 2014 (middle) and 2015 (right)
Puc. 16 — UMM e 2013 200y (nepsoe crniesa), 2014 20dy (e cepeduHe) u 2015 eody
(cnpasa)

Cnuka 16 — [JMT 3a eoduHe: 2013. (npsu ¢ nese cmpaHe), 2014. (cpedru) u 2015.
(GecHu)
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It is clear from the Figure that the models are created only for the
excavation for the year they are showing, and do not include data from the
following, i.e. neighboring years. More precisely, in the vertical sense, they do
not overlap completely. Also, from the top view onto the models, it can be clearly
seen that the excavation is shortened in the years after 2013 (Figure 17).

i

Figure 17 — 3D model view from above
Puc. 17 — Bud 3[ modenu ceepxy
Cnuka 17 — lNoaned Ha 3] moden 000320

In order to be able to calculate the volume of the soil (clay) mass, it is
necessary that the boundary of the surfaces for both epochs be identical. This
implies the addition of data to the surface in order to complement the border.

The procedure is performed as with the original definition of DTM, by
selecting and adding points. The filling was done on the 2013 model with the
data from 2014, by selecting the points of the upper rim of the excavation. In this
way, we have ensured that the zero model (2013) fully covers the calculation
model from 2014 (Figure 18, left). In Figure 18, the right models are only spaced
vertically in order to visualize the fitting of the two models.

The supplementary model clearly shows that in some places there is a
punching of the calculating surface through the zero surface. The conclusion is
that the heights referring to the calculation surface are higher than the heights in
that zone on the zero surface. It is to be expected that this phenomenon is
numerically interpreted in the calculation of the volume.
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Figure 18 — 2013 model supplemented with the data from 2014
Puc. 18 — [JononHeHHast Mmodernb u3 2013 200a daHHbiMu u3 2014 2o0a
Cnuka 18 — Moden u3z 2013. 2oduHe donyreH nodayuma modena u3 2014. 2oduHe

Figure 19 — Calculation boundaries for 2013 and 2014
Puc. 19 — Pybexu pacyema 2013 2. u 2014 e.
Cnuka 19 — NpaHuuya padyyHarba 3a 2013. u 2014. eo0uHy

Also, the 2013 model is longer, so it is necessary to define the boundary of
the volume calculation. This is accomplished by drawing 3D polylines connecting
the peripheral excavation points from 2014 and adding the boundary in the
toolbox, via the Boundaries option (Figure 19).
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Figure 20 — Models of 2014 and 2015 for calculating the volume
Puc. 20 — Modenu 2014 2 u 2015 e. onsa pacdema obbema
Cnuka 20 — Modenu u3 2014. u 2015. 200uHe rnomMohy Kojux ce obpayyHaea Kybamypa

In the same way, the model is expanded for the period 2014 — 2015 (Figure
20).

Calculation of the soil (clay) volume

After the established DTMs for 2013, 2014, and 2015, the calculation of the
volume of excavated clay is accessed. All works are of great importance, but
especially geodetic works should be carried out carefully and precisely. Namely,
when the satisfactory quality of the created DTM is confirmed and accepted,
then the volume is calculated in the AutoCAD Civil 3D software package.
Calculation is done individually for 2014 in relation to 2013 and for 2015 in
relation to 2014. This method of calculation was selected because the company
that is the contracting authority monitors the changes of the "Garajvac - istok"
surface mine annually.

As already mentioned, the DTMs used for 2013 are used as a zero surface,
and those for 2014 as a calculating surface. Calculation of the volume is
performed in AutoCAD Civil 3D. In addition, tools are used where the options for
calculating the volume of the 3D model of reference surfaces are chosen and
the names of the volume models are continuously adjusted, where the base
surface is zero, and a comparing one is a calculation surface. A report on the
amount of volume can be stored in some of the textual formats. The calculated
volumes for 2013.- 2014 have the following values:

- excavation (cut): 42385m?;

- fill (fill): 147m?%; i.e

- total volume change (net): 42238m>.
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In the same way, the volume of the excavated clay for the period 2014 -
2015 is calculated. Based on the established DTM for those years, the following
volume values were obtained:

- excavation (cut): 62948m?;

- fill (fill): 62m>; i.e

- total volume of changes (net): 62887m°.

Based on the calculation and based on this period, it can be concluded that
the excavated volume values were expected, given that the embankment value
is only 62m®.

Calculation control over transversal profiles

In the previous chapter, the required volume meters were calculated. The
confirmation of the correct calculation was made only on the basis of the
conclusion that the created DTMs are correct. In order to perform additional
control of the calculation and at the same time to perform the DTM verification,
the analysis of the transversal profiles of the DTM should be carried out. In order
not to burden the work with unnecessary repetitions of procedures, the average
profiles for only one calculated volume will be shown - for 2013 - 2014.

The profiles are defined at distances of 25m, and such a choice is justified
by the fact that the survey of the terrain was done by profiles at the same
distance. It is estimated that such a profile layout will give good control of the
calculation. First, the profiles are arranged for DTM. The direction of the profiles
is normal to the direction of the excavation extension, which is largely
straightforward. A total of 20 profiles were distributed (Figure 21).

Figure 21 — Splitting the transversal profiles via DTM
Puc. 21 — PacnipedeneHue nonepeyHbix npogpurnel ¢ nomowibto LIMM
Cnuka 21 — Pacnopefiusare nonpeyHux npoguna rnpexko JMT
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The arrangement of the profiles is mostly influenced by the configuration of
the terrain, and given that in this case it is a monotonous excavation, the chosen
profile layout provides quite satisfactory results. When defining a profile, it is
necessary to draw out the intersection lines by which the 3D model (cross
sections) will be cut and will be made in the direction as stated above. When all
the lines are plotted, the program should be set to show that they will actually
represent the profile cross section lines (Figure 22).

Figure 22 — Creating the cross-lines of a 3D model
Puc. 22 — lNpoekmuposaHue nuHul cedeHus 3 modenu
Cnuka 22 — Kpeupatbe nuHuje npeceka 3/ modena

When a cross section of the 3D model is created, it is also necessary to
define the profile itself, i.e. which profile the concrete line of the cross section
refers to. The most important settings are: select the cut line for the profile that is
being created, add surfaces that will be included in the transversal profiles as
well as other settings (layers, display styles). When the profile parameters are
set (the profile to which it relates, the display styles, etc.), the specific profile is
plotted, or it is confirmed on the drawing worksheet where the profile will be
generated (Figure 23).

The generated profile layout contains information about the appearance of
the zero surface (green line), the calculating surface (red line), the surface of the
figure that the profiles limit, the height, etc. All other profiles are formed
according to the same principle (total of twenty). Nineteen profiles are at
distances of 25m, and the last one is at 4.85m because this is the space left to
the end of the excavation (Figure 24 and Figure 25).
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Figure 23 — Generating the profile layout
Puc. 23 — leHepuposaHue suda npoghuris
Cnuka 23 — NeHepucare usaneda npoghuna
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Figure 24 — Generated profiles from 1 to 4
Puc. 24 — CeeHepuposaHHble nipogpunu ¢ 1 do 4
Cnuka 24 — lNeHepucaHu npoghunu 00 1 0o 4
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Figure 25 — Generated profiles from 5 to 20
Puc. 25 — CeeHepuposaHHbie npogpunu ¢ 5 0o 20
Cnuka 25 — NeHepucaHu nipoghurnu 0d 5 do 20
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When the profiles and the surfaces of the figure limited by the lines of the
zero and calculating surfaces are determined, the control calculation of the
volume for the period of 2013 — 2014 can be carried out. The control of the
calculation is performed in the following way: the individual volume of soil (clay)
is defined, limited by the zero and calculating surfaces and two adjacent profiles.
For determining such a volume, it is necessary to determine the mean value of
the surface of the figures from two adjacent profiles, as the arithmetic mean of
the formula:

P _ R

I,zapremine
P Pi+1

where is:

Pilzapremine - the mean value of the figure surface area between two adjacent
profiles;

Pi - the area of the profile figure where there is the beginning of the individual
volume;

Pi+1 - the area of the profile figure where there is the end of the individual
volume.

Then, an individual volume value is calculated between each two adjacent
profiles as the product of the mean value of the figure surface area and the
distance between the profiles:

V. =P * L

i i,zapremine i

where is:
L; - distance between two adjacent profiles (25m, except the last one).

The calculation results are shown in Table 1. The calculated volume value
for the observed period of changes from 2013 to 2014, based on the cross
sections, is 41889.52m?3. Bearing in mind the previously calculated volume which
amounted to 42385m?3, or programmatically based on the formed 3D terrain
models for 2013 and 2014, it can be considered that the obtained values of the
volume are consistent to a large extent. The reason for the discrepancy between
the results is that the generalization process occurs, or due to the deployment of
the profile lines, when the cross-section profiles are plotted, the mentioned
process leads to generalization and certain distortion of the results.

Since the matching of the results from these two counting processes
amounts to 98.8%, and on the basis of previous work experience, it can be
considered that the volume obtained on the basis of the formed DTM is
completely acceptable, i.e. obtained by auto-counting in AutoCAD Civil 3D.

423

Borisov, M. et al, Analysis of the capacity changes in the "Garajevac-istok" excavation by applying the GIS technology, pp.403-430



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2019, Vol. 67, Issue 2

Table 1 — Calculation of the total volume of the excavation based on transversal profiles
Tabnuua 1 — Pacuem obuwezo obbema Kkapbepa Ha OCHO8aHUU MonepeYHbIX rnpogunel
Tabena 1 — PadyHarbe yKynHe Kybamype uckorna Ha OCHO8Y rornpeyHuUx npoguna

gfumb?;e tSr;]qeuare rofi?ef Mean value of the | Distance between | Cubature between the

profile (m?) p square figure(m?) the profiles (m) adjacent profiles (m?3)

1 18.

5 93 2? 56.545 25 1413.63

2 94.21

3 105.52 99.865 25 2496.63

i 18:22 106.790 25 2669.75

g 1(1)222 111.440 25 2786.00

: Hj?j 114.615 25 2865.38

s 1132(1) 114.455 25 2861.38

; 11:23 114.435 25 2860.88
114.37

S 108 24 111.355 25 2783.88
108.34

51)0 18? 25 104.795 25 2619.88

1 101.2

1? 92 955 100.100 25 2502.50

1; 3?2: 95.415 25 2385.38

1:23 3(13:3?) 92.490 25 2312.25

::i 2312 91.625 25 2290.63

14 90.15

15 88.24 89.195 25 2229.88

::2 32?7‘ 82.555 25 2063.88

::s ;Sg; 72.395 25 1809.88

17 7.92

18 33 25 70.785 25 1769.63

18 73.65 43.325 25 1083.13
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zlfumb?rr]e tShiuare rofi?ef Mean value of the | Distance between | Cubature between the
profile (m?) P square figure(m?) the profiles (m) adjacent profiles (m?)
19 13.00

19 13.00

20 2206 17.530 4.85 85.02

Total cubature: 41889.52

Namely, the method of calculating the volume on the basis of transversal
profiles can be used as a counting control, as is confirmed by the results. In
addition to this control purpose, generating cross-sectional profiles plays an
important role in verifying the 3D model, since it provides a clear image of the
vertical cross-sectional view. In this case, it is clearly seen that the bottom of the
excavation is saw-shaped and that one side of the excavation climbs steadily to
the top, which absolutely corresponds to the actual situation on the ground.

Different types of information are contained in the generated transversal
profile, for example, the slopes of the terrain. Also, the measurement of many
elements shown in the transversal profile is enabled (Figure 26).

6168 e .“ e
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f———-‘»——‘i‘ =
|
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6247-‘ @l i\”o \‘ \
56,037~ \

=940 =

Figure 26 — Slopes of the surfaces shown on the transversal profile of the 3D surface
model
Puc. 26 — YKnoHbl Ha MecmHocmu, u3obpaxxeHHble Ha rnonepe4yHom npogpune 3/
modenu
Cnuka 26 — Hazubu nospuwuu npuka3aHu Ha rnorpe4yHom ripogpusy 3L modena nospwiu

Also, the surface can be more clearly and easily seen via the cross-
sectional view, so it is often used in design in construction works, traffic,
hydrography, mining, etc.

3D terrain model visualisation

In the previous part, 3D modeling of the surface of the ground for different
time moments (2013, 2014, and 2015) was carried out, based on which different
analyzes were performed in order to solve a certain type of problems
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(calculation of volume). In explaining these procedures, the formed 3D terrain
models were interpreted in different ways (using contour lines, profiles, 3D solid
models, etc.).

Visualization of the 3D model is one of the most important features. The
way in which the information is transmitted to the user depends on the model
itself. Styles, colors, data display, and viewing angles provide the field
information that should be approximate to that that might be collected by
observing actual surfaces on the ground. Also, visual verification is very
important in controlling 3D modeling. Due to all of the above, several ways of
presenting DTM will be displayed.

One of the most commonly used methods of displaying geomorphologic
characteristics is contour lines. Based on the established DTM, this display
mode is possible at any moment (Figure 27) and generating a model with a
different equity is extremely simple and automatic (Figure 28).

-
*
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Figure 27 — Model display via contour lines - equidistance 1.0 m
Puc. 27 — NzobpaxxeHue modenu u3oeurcoli — paseHcmeo omcmosiHul 1.0 m
Cnuka 27 — lNpuka3 modena npeko uzoxuricu —ekguducmaxyuja 1,0 m
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Figure 28 — Model display via contour lines - equidistance 0.5 m
Puc. 28 — NzobpaxeHue Modenu uzoeuricoli — pageHcmgo omcmosHut 0.5 m
Cniuka 28 — lNpuka3 modena npeko uzoxurcu — ekguducmaryuja 0,5 m
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To see the triangles formed during triangulation, one of the good ways of
displaying is a wired model (Figure 29) or a shady solid model made up of three-
dimensional facets (Solid model - 3d faces) shown in Figure 30.

Z /{f’/ ) y /9{’/
SKIARY

A / W/ I
Figure 29 — Wired 3D model

Puc. 29 — KapkacHasi 3[] moderb
Cnuka 29 — XXu4aHu 3/[] moden

13047

Figure 30 — Shaded model composed of triangular facets
Puc. 30 — Modenb 3ameHeHusi, cocmosiwasi U3 mpeyeaorsibHbIX epaHel
Cnuka 30 — CeH4yeHu moden Koju ce cacmoju 00 mpoyeaoHuUx chacema
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Conclusion

The paper presents the entire process of creating and forming 3D models,
from measuring and data processing to displaying and monitoring changes in
the capacity of the "Garajevac - Istok " mine. The research and analysis pallete
that can rely on the image of the digging profile and its three-dimensional display
is far more extensive. The primary analysis is to monitor changes in the shape
and capacity of the excavation during the exploitation of clay during the
subsequent period (2013-2014, 2014 - 2015).

3D models were formed on the basis of the data collected on the terrain by
terrestrial recording by the total station and taken from the already existing
digital maps and plans. Progress in terms of improving the technique of
collecting data on the field is certainly possible, first and foremost, by using
modern methods of recording (laser recording, photogrammetry). However, in
order for various planners, engineers and local services to use depth
measurement data on a daily basis and to have the latest state available, it is
useful to establish a geoinformation system. Such a system requires constant
data updating and its upgrading to new data layers. In this way, a rich database
will be obtained, useful primarily for a rapid development of 3D excavation
models, precise profiles and various thematic maps.
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Abstract:

The paper presents a brief review of modern achievements and directions
of further development of one type of small arms in the armament of
foreign armed forces - namely, submachine guns in the armed forces of
the countries signatories of the North Atlantic Treaty Organization
(NATO). The article follows the historical genesis of the development of
the use of submachine guns as specific types of small arms. Access to
recent literature represented a major problem; consequently, data from
the Internet was largely used. Submachine guns are one of the most
effective and efficient types of infantry weapons of foreign armed forces so
a more versatile look at the effects of their use is purposeful as well as the
need for innovation and investing in our own resources. The article
presents a synthesis of the authors’ practical experience with the use of
submachine guns and the relevant theoretical knowledge.

Key words: NATO countries, armed forces, submachine guns.

Introduction

Submachine guns fall into the category of small arms and are
intended for action against live targets that are rapidly moving. They are
especially effective for fighting at close ranges, especially in combat
operations in trenches, forests, mountains, and urban settlements. The
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basic features of submachine guns are simplicity of design and ease of
use while the effective range is up to 200 m. (Arsi¢, 2002a)

Although they were one of the most massively used weapons during
the Second World War, submachine guns today have relatively limited
use and are used mostly by members of special units in almost all foreign
armed forces (airborne units, military police units, and counter-terrorist
units). Exceptions are crew members of armored and other combat
vehicles and artillery weapons. Neglecting the development of
submachine guns compared to other types of small arms is a result of the
efforts to develop primarily a unique intermediate cartridge for (semi)
automatic rifles due to the logistics needs of armed forces (AF).

Modern submachine guns are made from light metals, plastics,
composites and steel. The ammunition capacity of submachine guns
ranges from 20 to 100 rounds (usual capacity is from 30 to 35 rounds),
and the velocity of the projectile is in the range from 300 to 900
m/sec. Most often they are equipped with: optical sights, silencers, laser
target designators, thermal imaging devices, and most have a folding or
retractable stock.

Submachine guns are now mostly based on the 9 mm Parabellum
pistol cartridge, but in recent years designers and manufacturers of
weapons have begun to produce submachine guns that use the 5.56x45
mm and 5.7x28 mm (NATO standard) or 5.45x39 mm (GOST)
ammunition, with completely new design and constructor solutions as
well as in a ,bullpup® configuration. (Mihajlovi¢ & Arsié, 2003)

The greatest attention to developing new models and modifications
and to improving the performance of the existing models of submachine
guns is paid by American, German and Russian designers of weapons,
who emphasize the following advantages of submachine guns over other
types of small arms:

» high density of fire,

» rare ricochet bullets,

» high efficiency and effectiveness, and
» high-speed firing.

Basic concepts and classifications of small arms

Small arms encompass all means intended for destruction and
incapacitation of living creatures and moving things by an individual (the
shooter). In relation to the source of energy used, these weapons can be
divided into:
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» cold weapons, and
» firearms.

Cold weapons use the mechanical energy of the weapon operator or
tightened strings. This group of weapons include: daggers, swords,
spears, bows and arrows, crossbows, or any other provisional or locally
found assets that can be used as a weapon.

Firearms are weapons based on the use of energy of powder gases
generated by burning gunpowder. In relation to the purpose of utilization
of energy of powder gases created after firing, there are three basic
types of firearms:

» non-automatic,
» semiautomatic, and
» automatic. (Generalstab VJ, 1998)

In non-automatic firearms, gunpowder gases energy is only used to
provide the initial kinetic energy for a round, or muzzle velocity, while the
gun is reloaded and fired manually. The weapons of this type are most
often used when greater precision is required, and not high rate of fire as
is the case of sniper rifles. (GeneralStab VJ, 1998)

In semi-automatic weapons, besides for providing the initial kinetic
energy for rounds, the energy of powder gases is used for other
automatic operations: extracting and ejecting spent cartridges, cocking
the firing mechanism and reloading; however, for each subsequent firing
it is necessary to pull the trigger again. (Generalstab VJ, 1998)

In automatic weapons, the propellant gas energy is used to provide
the initial kinetic energy to the round, to recharge weapons and fire the
next shot as long as the shooter holds the trigger or until there are
rounds in the magazine.

According to the purpose and the tactical and technical
requirements, weapons of armed soldiers in the land forces of foreign
armies can be divided into:
pistols and revolvers,
submachine guns,
rifles,
rifle-machine guns,
machine guns,
automatic guns, and
automatic grenade launchers. (Arsi¢, 1996)

Submachine guns are individual weapons designed to destroy live
force at close distances. These weapons can achieve high density of fire,
because a rate of fire in practice is about 100 rounds/min. Submachine
guns are particularly useful in urban areas for combat actions (c/a) where

YVVVYVYYYVYYVY
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the enemy is at close ranges and where larger weapons could not show
their full power. Ammunition for submachine guns has been developed
based on the pistol round with a small charge, which allowed the
production of weapons of simple construction with great firepower. Some
submachine guns have fire regulators which enable single fire in addition
to the automatic one. Modern submachine guns, unlike the submachine
guns used in the Second World War, are lighter and smaller, but still of
simple construction.

The principle of operation of most modern submachine guns is
based on free bolt recoil (open or closed). Unlike submachine guns of
World War Il in which the bolt mechanism and other elements were
contained behind the barrel, in modern submachine guns bolts are of a
telescopic type, that is, bolts are of smaller dimensions and mass, but
with  still retained other significant characteristics of the
weapon. (Petrovi¢, 2009)

The basic, or, in the opinion of most weapon constructors, the most
important characteristics of small arms can be divided into four basic
groups:

» combat,

» design,

» purpose (exploitation), and
» production - economy.

The combat characteristics of weapons consider a possibility of firing
at the enemy with normal, i.e. non-failure operation. The combat
characteristics of weapons are usually evaluated by three parameters:
power of weapons, maneuvering characteristics and reliability of weapon
effects. Weapon power is measured by the total amount of energy of
fired rounds hitting a target in unit time. The maneuverability of these
arms includes their transportability, transfer of fire and the possibility of
application under different conditions. The reliability of weapon effects
represents the totality of characteristics that show non-failure operation of
these weapons, their service life and insensitivity to external influences
and damage. (Petrovi¢, 2009)

The design parameters include the following parameters:

» operation flowchart,

» specific constructions of assemblies and parts (type of
automation, bolt type, etc.),

» dimensions of weapons in battle and marching positions,

» ease of construction.
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The usage (exploitation) characteristics of weapons should provide
simple and uninterrupted operation of all weapon mechanisms as well as
firing safety, and also the automatic work and manoeuverability in
different conditions of use.

Production-economy characteristics comprise all parameters that
provide a simple and inexpensive production of weapons while
preserving their quality.

The historical development of the use of submachine
guns

Trench warfare way of c/a, as it was in the First World War,
encouraged the construction of unique types of weapons which would
later become common on battlefields around the world: hand grenades,
sniper rifles, flame throwers, light mortars and submachine guns.

The submachine gun stemmed from an automatic pistol. The first
submachine gun was patented by lItalian designer of weapons Abiel
Revel Botello on 8 April 1914. The first submachine gun had the name of
Villar Perosa M15. Botello’s invention did not experience success
although it had a possibility of firing 1,200 rounds/min. The caliber of this
submachine gun was 9 mm; it had two interconnected barrels, each with
its own firing mechanism, and an effective range of fire of up to 120 m.
The weight was 7,41 kg and the magazine capacity was 25 or 50 pistol
rounds. The weight of the weapon was regarded as its main drawback.

Although not developed on the basis of Botello’s invention, the
submachine gun of Beretta constructors ,Beretta Model 1918 is also
considered one of the pioneering steps in the development of
submachine guns as a specific type of small arms. This submachine gun
model was developed as a modification of the ,Menlicher Corcan® rifle. It
had a wooden stock, an ,acceptable“ weight of 3.72 kg, a possibility of
firing 900 rounds/min and an 851 mm long bayonet. The same as
Botello’s Villar Perosa M15, Beretta’s first submachine gun never went
into production.

The then Germany was also a pioneer in the development of
submachine guns - its military constructors created the first practical
construction of a submachine gun, originally called ,Maschienpistolen®,
and then it received the official designation of 9 mm Bergman MP18/1.
During the Battle of Verdun in 1916, Germans realized that the ,bolt
action rifles® had major limitations in the trench warfare. They were too
long, cumbersome to carry, with low rate of fire and too powerful for that
type c/a, where target distances rarely exceeded 180 m, so the rifle with
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the theoretical range of over 1800 m was totally unnecessary. A short-
range weapon, with a possibility of automatic fire and a large magazine
capacity was more than necessary so that the development of Bergman
became a landmark in the further development of these types of
weapons. (Petrovic, 2009)

The Bergman MP18/1, shown in Figure 1, was the invention of two
German weapon construction giants, Hugo Schmeisser and Theodore
Bergman. The MP18/1 or ,Musk®, as it was called by German soldiers,
resembled Mauser k98 (mostly by the shape of its wooden stock) and
had a length of 815 mm and a weight of 5.26 kg. it was serviced by two
soldiers (gunner and his assistant). It used the 9 mm Parabellum
ammunition, had the option of firing 650 rounds/min and a range of
effective fire of 70 m, which was ideal in trench warfare.

Between late 1916 and 1918, about 30,000 copies of this
submachine gun were produced and it was often copied in other
countries. The MP18/1 had several drawbacks, the main one being the
use of an unreliable small drum from a Luger pistol which was soon
replaced by a simpler box-magazine of the capacity of 32 rounds. The
term ,submachine“ originated from the use of a smaller caliber round
than that of a rifle round, i.e. a specific type of a pistol round, and the fact
that it was able to achieve full automatic fire. Although it proved to be a
very effective weapon, the MP18/1 manufacture did not continue after the
First World War because Germany empire was defeated and its arms
production was banned by the Versailles Peace Treaty.

Figure 1 — Bergman MP 18/1
Puc. 1 - Bepemar Ml 18/1
Cnuka 1 - Bergman MP 18/1

The Allies were also aware of the need to modify existing weapons
to fight in trenches; however, British soldiers as well as their military
leadership did not have enough confidence to arm individuals with
automatic weapons. Namely, it was believed that a soldier armed with
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automatic weapons would fire all the rounds in a short time, after which
he would remain helpless on the battlefield. But the real reason was
hidden in the fact that, in times of war, a small number of countries were
ready to introduce a greater volume of new technology into the war
economy which was already under great strain due to the production of
war materials.

The United States of America, which joined the war in 1917, shared
the same view and was also reluctant to accept new technologies. The
US Rifle, Model M1903 Springfield, was considered the best military rifle,
and a good part of American soldiers were armed with the Colt
M1911semi-automatic pistols. Nevertheless, reports from battlefields
which were coming to the command of US AF began to indicate that the
Colt proved to be an excellent weapon to fight in trenches, which was not
the case with the Springfield rifle.

Head of the Small Arms Department in the US Army Technical
Service Command from 1914 Brigadier General John T. Thompson was
of the opinion that, despite economic difficulties, there had to be work on
developing new weapons technology. Thanks to General Thompson,
there was enormous development of small arms, and in the heart of this
development lies the invention of one of the most popular submachine
guns ever. With the outbreak of the war, General Thompson left the army
and became Head of the Construction Department in the Remington
comany. Together with his son, Lieutenant Colonel Marselius Thompson,
in 1916 he founded a company for design and production of arms under
the name Auto-Ordnance Corporation. (Arsi¢, 2002b)

General Thompson returned to the army to his old appointment in
1917, when he became responsible for supplying the Army with small
arms. He was especially interested in the disadvantages of standard
military rifles, bearing in mind the fact that he had already had a vision of
the submachine gun project. For developing new weapons, Thompson
hired several talented individuals, especially captain John N. Bliss
(seaman, mathematician and physicist who had already discovered
important properties of certain metals associated with adhesion that were
applicable in the construction of locking mechanisms) and constructor
Theodore H. Ejkof (soon to become a senior engineer in the newly
opened Auto-Ordnance Company). Ejkof had extensive experience in the
construction of weapons since he had worked in technical service before
the war, where at one time he was engaged on a study of the existing
automatic weapons being developed worldwide.

The prototype of the first Thompson submachine gun ,saw the light
of the day“ in September 1917 and was called ,Thompson Auto
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Rifle“. This submachine gun was a basic version of all models of
Thompson submachine guns that would appear several years later. The
prototype itself had a lot of shortcomings, notably in terms of locking the
barrel, so the Thompson submachine gun was not to enter into operation
in the US Armed Forces during the First World War, but during the forties
of the 20th century. It is interesting that this weapon was first accepted by
criminals from Chicago and New York City during the Prohibition
era. Police and the Bureau of Investigation, who considered themselves
poorly armed, armed their forces with Thompson submachine guns,
especially with a special model M1921A shown in Figure 2. This
submachine gun model got a lot of publicity in clashes of the police with
gangsters, especially after its use in the massacre on St. Valentine’'s Day
1929. It soon attracted the attention of Hollywood producers and started
to be used a lot in films. In fact, Thompson's appearance in the movies
was not in proportion to its use on the streets and under the normal
circumstances it would have surely faded in the late thirties because the
police had already dealt successfully with gangs by that time.
(http://world.guns.ru/smg-e.html)

Figure 2 — M1921 Submachine gun
Puc. 2 — Aemomam M1921
Cnuka 2 — Aymomam M1921

The Japanese attack on Pearl Harbor in December 1941 made the
US forces quickly arm themselves in order to fight in the war. The US AF
then had more or less identical weapons that had been used in the First
World War. Despite the fact that the concept of submachine guns was
never particularly attractive in the US AF, and that the Thompson was not
widely accepted for use in military units, it was available in the market. It
became an obvious choice for land forces and Marine Corps, and later
the Thompson, affectionately nicknamed ,Tommy Gun®“ became world
known and accepted as the most famous Allied submachine gun of the
Second World War.

The Auto-Ordnance Company soon realized the importance of that
nickname and patented it. The Thompson was used by Americans,
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British, French, Indians, Australians, Canadians, South Africans, New
Zealanders, Soviets, Chinese, Yugoslavs, etc. It was used in combat in
all types of terrains - in deserts, mountains, jungles and forests, in the
fields and in the streets - and in all environments it proved to be highly
effective and usable. No one called it perfect, because the fact is that it
was not - but one thing is certain: no one relinquished its
services. Firepower generated by 11.43 mm rounds was always welcome
in all combat situations. Few of those who received a rafal from the
Thompson survived to testify about its combat power. The production of
the Thompson submachine gun finally stopped in 1944, after 1,387,134
produced pieces. (http://world.guns.ru/smg-e.html)

In preparation for conducting ,blitzkrieg“ (a rapid war), Germany's
weapons introduced a whole range of new models of small arms. One of
the most interesting models is certainly the MP38 submachine gun
(Figure 3) — the most famous military submachine gun of all times. It was
often called Schmeisser, although constructor Hugo Schmeisser had
nothing to do with its design or production (constructor was Volmer and it
was produced in the ,Erma-Werke® company). It was a synonym of
German firepower and the ,blitzkrieg“ doctrine in general. The Germans
used it in their marketing campaigns, on propaganda posters. Its
enormous fame was largely accredited to the Hollywood industry in the
postwar years due to which there was an impression that every second
member of the Wehrmacht was armed with the Schmeisser submachine
gun.

Figure 3 — MP 38 Submachine gun
Puc. 3 - Aesmomam MI138
Cnuka 3 — Aymomam MP38

This was far from the reality. Schmeissers were relatively rare in the
armament of the Wehrmacht. In the period from 1939 to 1945, there were
a total of 908,317 pieces produced, which is almost negligible compared
to the multimillion production of K98k carbines. On the battlefield, a
submachine gun was inferior to the K98k, particularly in relation to MG34,
MG42 and StG44 machine guns. True, it was designed as a tank crew
weapon, for paratroopers and close combats in urban areas, i.e. primarily
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for special troops, and not for the overall use. Finally, during its
exploitation, several dangerous defects came to light. (http://military-
today.com)

In the early days of the war, the production of the MP38 showed to
be quite expensive, and it was necessary to have cheaper, faster and
more massive production of weapons. The technology of metal stamping
began to be used in the production of small arms. The production of the
MP38 with the application of new technologies started between March
and July 1940. This new model, the MP40 submachine gun, was
basically the same weapon, but with differences in the receiver and bolt
as well as the magazine housing. Therefore, the main difference was in
the production, because this model used stamped sheet metal and
simple component parts which could be produced by other
manufacturers throughout Germany. The use of high-quality steel was
avoided to the greatest extent, and spot welding was used for binding
parts. Mass production of MP40s was entrusted to the firms: ,Erma®,
.Haenel“, and ,Steyr. (Petrovi¢, 2009)

The MP40 had several varieties, but the appearance was little
altered. The most interesting version was the MP40 / Il. The new model
was produced in late 1943 and had a double housing stock which could
accommodate two magazines with 32 rounds each. One was connected
to the feed mechanism and when it ran out, the other was repressed in
its place, i.e. inserted. This model was actually an attempt of German
constructors to respond to the Soviet submachine gun, the PPs model. In
practice, this did not work well because of the heavy weight and poor
balance. A weapon with a wooden stock, based on the MP40, known
under the name of the MP41, was Haener's trial investment, but never
accepted as an official weapon.

During combat exploitation, soldiers noticed a few drawbacks of this
submachine gun. First, delays occurred after the first shot was
fired. Germans long studied the reasons for these deadly flaws. Several
causes were found: soldiers would hold the magazine instead the
foregrip, which, during recoil, led to its malfunctioning and change in the
feed angle. Soldiers were instructed to lubricate the magazine, dirt would
mix with lubricating oil and the friction between the magazine walls and
cartridges would increase from a coefficient of 0.15 to 0.30. In addition, a
zigzag arrangement led to an unfavorable pressure between the
ammunition and rounds changing their positions. This flaw was never
completely eliminated, although strict instructions about holding the
weapon were issued, a stronger feed spring was introduced (which
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decreased the ammunition capacity from 32 to 28 rounds) as well as a
new regulation on cleaning and maintenance. (Petrovi¢, 2009)

The second flaw was accidental firing when the bolt was in the
forward position. Due to large recoil forces and inertia, the bolt would ,fly*
backwards and perform charging and firing. As a temporary solution, an
instruction was issued to apply a special leather harness fixed around the
barrel. The bolt handle was firmly fixed with a special loop. This
temporary solution was even commended, because the harness was
covering the cartridge ejection port and prevented penetration of dirt. As
a permanent solution, from the mid-1942, all manufactured submachine
guns had the old cocking handle replaced by a new one, the head of
which would be secured in the forward position by being pushed into the
notch on the magazine. Replacement was completed by mid-1943
(adapted M38s were labeled as MP38/40s), and all newly produced
submachine guns were fitted with new handles. (Petrovi¢, 2009)

The end of the Second World War saw a huge surpluses of various
low-cost submachine guns left behind, and the development of small
arms, mainly semi-automatic rifles in bigger calibers, went in a different
direction. The development of new, fully automatic assaultrifles in
smaller rifle calibers, gave another dimension and much more firepower
to infantry weapons than they previously used to have. In the West, the
development of assault rifles began around the 7.62x51 mm NATO
cartridge, and soon went on to small-caliber ammunition by introducing
the American M-193 5.56x45 mm cartridge as the NATO standard. The
development of a new concept of weapons and the new generation of
assault rifles (initially started by German constructors during the war),
especially their shorter and lighter versions at the end of the sixties of the
20th century, made the submachine gun lose its importance as a basic
combat weapon because of its limitations in range, accuracy and
firepower. From the military point of view of the great powers, it was
thought to have lost any significance. (Vojvodi¢, 2009, pp.11-12)

Thus, in the late sixties and early seventies, production of
submachine guns ceased almost completely because they were
considered to be completely anachronistic and acceptable only as an
auxiliary weapon to equip non-combat units. Limited use of submachine
guns remained important only in Third World countries which mainly did
not have their own production of modern assault rifles. A milestone for
further development, or actually for the survival of submachine guns, lies
in the formation of a new German weapons factory - Heckler & Koch. The
founders, but also the leading tandem of constructors, were Edmond
Heckler (1906-1960) and Theodore Koch (1905 -1976). In a very short
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time, in 1956, their new model of an assault rifle, the G3, appeared for
the purpose of arming the Bundeswehr. It was developed in the then
dominant Western (American) 7.62x51 mm NATO and .308 Winchester
caliber. Their solution, which combined an ingenious locking system
solution (delayed recoil) with movable rollers, taken from the MG-42
machine gun and the then new and revolutionary technology of making
weapons using pressed sheet metal and components from molded
plastic, resulted in a new and very unusual assault rifle, the G3, which
has become one of the leading and most respected western infantry
weapons in the world. (Vojvodi¢, 2009, pp.11-12)

Experimenting with different variants of rifles soon resulted in some
compact models designed for some more modern and weaker
ammunition (5.56x45 M193 first, then Soviet 7.62x39 M43 ammunition
and 5.45x39 for small arms). During 1964, a maximally reduced,
facilitated and redesigned version appeared, intended for pistol
ammunition, primarily for the 9 mm Para, as well as for a more archaic
Soviet 7.62x25 TT.This last variant was called the MP5
(Maschinenpistolen model 5-slot model 5). In 1996, the MPS in 9x19
Parabellum caliber was introduced in serial production at the request of
the German border police who needed such weapons to equip their
members.

The new MP5, Figure 4, kept the locking mechanism from the
assault rifle from which it originated so the bolt was closed and locked
during operation thus proving to be much more precise than all previous
submachine guns. In addition, built to the highest technological standards
of the time (almost unattainable today), it was the first weapon in the
world with absolute possibility of replacement of all parts of all produced
copies ever. Experiments of this type were carried out in our country, in
the Institute of Security in Belgrade after purchasing this model; all parts
of ten submachine guns were disassembled and mixed to be later
assembled randomly, and SMGs continued to function flawlessly. After
the terrorist attack on the Israeli Olympic delegation in Munich in 1972,
the German border police (Bundesgrenzschutz) formed a first special unit
in this country, called GSG-9 (Grenzschutzgrupe 9), which immediately
included this already proven submachine gun in their standard
arsenal. So this weapon, along with the prestige of this unit, slowly began
to appear in the armaments of those who looked up to it. (Vojvodi¢, 2009,
pp.11-12)

The H&K MPS5 tactical - technical characteristics:

» caliber: 9x19 mm,
» weight: 2.28 kg,
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length: 660 mm,

barrel length: 225 mm,

principle of operation: semi-free bolt recoil — closed bolt
muzzle velocity: 400 m/s,

rate of fire: 800 rounds/min,

magazine capacity: 15 or 30 rounds,

effective firing range: 200 m.

VVVYVVY

Figure 4 — H&K MP 5 Submachine gun
Puc. 4 — Aemomam X&K MI15
Cnuka 4 — Aymomam H&K MP 5

Submachine guns in the use of the armed forces of
the NATO countries

This part of the paper provides an overview of the most popular and
the most widely used submachine guns in the armies of the NATO
countries. Each submachine gun type (representative of its kind, that is, a
particular model) has been described according to its origin, i.e.
according to the manufacturer's country, AFs of the NATO countries
where it is used (indicating also other security forces using them) and the
summary of the basic tactical technical characteristics of each model of
submachine guns. Submachine guns of some countries that are not
NATO members (Sweden, Israel and Switzerland) are also presented
since they are widely used in the armies of the NATO countries (and
many others around the world). Due to the lack of recent literature in this
field, some of the data was downloaded from the Internet.

The FN P90 submachine gun, shown in Figure 5, was designed and
manufactured by the Belgian company FN Herstal. It was created in
response to NATO's request for a replacement weapon using 9x19 mm
ammunition. The FN P90 submachine gun was designed as a compact,
yet powerful weapon for the crew of combat and other armored fighting
vehicles, special units, and counter-terrorist units. It appeared in the early
nineties of the 20th century. There are several innovations in the design
of the FN P90 such as an integrated reflex sight, a frame, a unique top-
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mounted magazine as well as a special FN 5.7x28 mm pistol
ammunition.

Submachine gun feeding is done in a unique way. The magazine is
placed on top of the submachine gun receiver, and ammunition is
arrayed at an angle of 90 ° relative to the barrel. At the end of the
magazine, there is a spiral feed ramp that rotates the ammunition coming
to it under the action of the spring in the magazine in the direction of the
barrel, and alignes it downwards, and, while going to the forward
position, the bolt takes a cartridge and places it into the barrel
chamber. Also, the receiver is made of semi translucent polymer that
allows the shooter to see how much ammunition is left in the magazine.
The FN P90 submachine gun operates on the principle of free recoil bolt
with the closed bolt. It is suitable for being carried concealed because of
its smooth edges. It was made in ,bullpup® design, which means that the
magazine and all actions related to firing happen in the stock, thus
making it easy to carry and maneuver easily in small and narrow spaces.
(Arsic, 1996)

The tactical - technical characteristics:
caliber: 5.7x28 mm,
weight: 2.54 kg,
length: 500 mm,
barrel length: 263 mm,
principle of operation: free bolt recoil — closed bolt
muzzle velocity: 850 m/s,
rate of fire: 900 rounds/min,
magazine capacity: 50 rounds,
effective firing range: 200 m.

VVVVVVVYY

Figure 5 — FN P90 Submachine gun
Puc. 5 — Aemomam ®H 190
Cnuka 5 — Aymomam FN P90
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The Specter M4 submachine gun shown in Figure 6 was developed
in Italy by two famous constructors Roberto Teppa and Claudio Gritti in
the mid-eighties of the 20th century. This weapon is mostly used in Italy
and Switzerland mainly by law enforcement forces. The special
characteristic of this submachine gun is the trigger mechanism that works
on the principle of double action. The bolt handle is located on top so
cocking can be done with both hands. The ammunition is fed by the
magazine of the capacity of 30 and 50 rounds. It is worth noticing that the
civilian version is available with 5, 10 and 15-round magazines. The main
drawback of this submachine gun is a small range of effective fire.
(http://www.military-today.com)

The tactical - technical characteristics:
caliber: 9x19 mm Parabellum,
weight: 2.90 kg,
length: 580 mm,
barrel length: 130 mm,
principle of operation: free bolt recoil — closed bolt
muzzle velocity: 400 m/s,
rate of fire: 850 rounds/min,
magazine capacity: 30 and 50 rounds,
effective firing range: 50 m.

VVVVVVVYVYY

Figure 6 — Spectre M4 Submachine gun
Puc. 6 — Aemomam Spectre M4
Cnuka 6 — Aymomam Spectre M4

The Steyr TMP submachine gun, shown in Figure 7, was designed
in the famous Austrian military company Steyr-Mannlicher in the early
nineties of the 20th century. Its production officially began in 1992 and
terminated in 2001 primarily due to poor sales. The license for the
production was transferred to a Swiss company and one of the design
solutions is still produced. The Steyr TMP submachine gun enables
slower, but more controlled fire. It has been found that it is very stable
during automatic fire. The shooter fires a burst of 10 to 15 rounds while
other submachine guns are limited to a burst of 2 to 3 rounds. Many parts
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of the submachine gun are made of polymer. It is interesting that there is
no stock, and that it can be fired single-handedly. It has 15 and 30- round
magazines.
The tactical - technical characteristics:
caliber: 9x19 mm,
weight: 1.30 kg,
length: 282 mm,
barrel length: 130 mm,
principle of operation: free bolt recoil — closed bolt
muzzle velocity: 370 m/s,
rate of fire: 800-900 rounds/min,
magazine capacity: 15 and 30 rounds,
effective firing range: at 50 to 100 m.

VVVVVVVYY

Figure 7 — Steyr TMP Submachine gun
Puc. 7 — Aemomam Steyr TMI1
Cnuka 7 — Aymomam Steyr TMP

The original Steyr AUG submachine gun, shown in Figure 8, is a
modified and improved design of the original Steyr AUG assault rifle. It is
designed for close combat in police and military actions. This weapon
combines relatively compact dimensions with good precision, thanks to a
long barrel and a closed bolt. If necessary, the Steyr AUG can be fitted
with a silencer. Some basic components are taken from the Steyr AUG
assault rifle, such as the polymer stock, while the principle of operation is
different. What was kept is the hammer-firing mechanism with a special
progressive trigger (pulling the trigger halfway produces a single shot
while pulling it until the end produces burst fire). Also, the magazine
housing has a special magazine adapter. (Mihajlovi¢ & Arsi¢, 2003)

The tactical - technical characteristics:

» caliber: 9x19 mm Parabellum,
» weight: 3.50 kg,

446



length: 665 mm,

barrel length: 420 mm,

principle of operation: free bolt recoil — open bolt
muzzle velocity: 400 m/s,

rate of fire: 670 rounds/min,

magazine capacity: 25 rounds,

effective firing range: 200 m.

VVVYVVY

Figure 8 — Steyr AUG Submachine gun
Puc. 8 — Aemomam Steyr AYIl™
Cnuka 8 — Aymomam Steyr AUG

The Brugger & Thomet MP9 submachine gun, Figure 9, is a
modified version of the Steyr TMP. Swiss weapons designers made a
total of 19 changes to the TMP. The MP9 submachine gun is currently
used in Switzerland, India and Portugal. This submachine gun is smaller
than the H&K MP5, which makes it ideal for special units and law
inforcement forces. Its compact size has, however, led to the reduced
range of effective fire. The MP9 is designed so that it has an integrated
front handle, so it can be easily controlled during automatic fire. This
submachine gun can be fired single-handedly. The main novelty of the
MP9 compared to the TMP is a side-folding stock and a Picatinny-type
scope rail which can accept a wide variety of optical sights. The MP9
submachine gun also has a mechanical sight and is compatible with
silencers.

The tactical - technical characteristics:
caliber: 9x19 mm,
weight: 1.40 kg,
length: 523 mm,
barrel length: 130 mm,
principle of operation: free bolt recoil — closed bolt
muzzle velocity: 400 m/s,
rate of fire: 900 rounds/min,
magazine capacity: 15, 20, 25 and 30 rounds,

VVVYVYVVYY
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» effective firing range: from 50 to 100 m. (Mihajlovi¢ &
Arsic, 2003)

Figure 9 — Brugger & Thomet MP9 Submachine gun
Puc. 9 — Aemomam Brugger & Thomet MP9
Cnuka 9 — Aymomam Brugger & Thomet MP9

The Scorpion EVO Il submachine gun, Figure 10, is the latest
product of the well-known Czech Republic Zbrojovka factory (CZ-UB). Its
development began in Slovakia in early 2002 as a submachine gun
under the name of Laugo. When the design became famous, it was sold
to CZ-UB which in 2009 produced the version Scorpion EVO Ill. Although
this weapon was primarily designed for police forces, it can also be found
in some military units. It uses a 9x19 mm Parabellum ammunition, but it
is also developed to use .40 S&W ammunition in order to be sold in
foreign markets (primarily the US). It has a separate hammer mechanism
and the settings for single shots, 3-round bursts and continuous fire. The
bolt handle is on the left side of the weapon. The receiver, the adjustable
folding stock, the grip, the trigger mechanism, and the foregrip are made
of polymer. Iron sights are mounted on a Picatinny-type scope rail at the
top of the receiver, to which various optical sights can be
mounted. Additional three Picatinny rails are installed at the level of the
foregrip. The magazine is made of transparent plastic.

The tactical - technical characteristics:
caliber: 9x19 mm, .40 S&W
weight: 2.77 kg,
length: 660 mm,
barrel length: 196 mm,
principle of operation: free bolt recoil — closed bolt
muzzle velocity: 370 m/s,
rate of fire: 1100 rounds/min,
magazine capacity: 20 and 30 rounds,

VVVVVVVYY
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> effective firing range: to 200 m. (http://world.guns.ru/smg-
e.html)

Figure 10 — Scorpion EVO Ill Submachine gun
Puc. 10 — Aemomam Scorpion EBO 3
Cnuka 10 — Aymomam Scorpion EVO Il

The Kriss Super V submachine gun, Figure 11, was designed by TDI
company. lts name comes from the name for the Indonesian sword or
large knife. It works on the principle of free bolt recoil and fires from the
closed bolt. Its ammunition is .45 ACP (11.43x23 mm). A version for
caliber 40 S & # 38; W (10x22 mm Smith & Wesson) is also
available. Due to a special system, the Kriss Super V has reduced recoll
and muzzle climb. The recoil force is redirected downwards, which
improves overall weapon control. The producer claims that this
submachine gun has 60% less recoil and 95% less muzzle climb. It is fed
from the standard Glock 21 magazine with 13 rounds, optionally 30
rounds. The magazine is located in the housing in front of the grip.This
weapon has a Picatinny-type rail on top so it can be fitted with iron sights
and a variety of sighting devices. This submachine gun has a folding
stock and an additional rail below the barrel which is compatible with
laser pointers, additional foregrips, flashlights, etc.
(http://world.guns.ru/smg-e.html)

The tactical - technical characteristics:

caliber: .45ACP, .40S&W

weight: 2.70 kg,

length: 620 mm,

barrel length: 140 mm,

principle of operation: free recoil of the bolt — closed bolt
muzzle velocity: 400 m/s,

rate of fire: 800-1100 rounds/min,

magazine capacity: 13 and 30 rounds,

effective firing range: 100 m

VVVVVVVYY
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Figure 11 — Kriss Super V Submachine gun
Puc. 11 — Aemomam Kriss Super V
Cnuka 11 — Aymomam Kriss Super V

The Ruger MP9 submachine gun, shown in Figure 12, is very similar
to the Israeli IMI UZI. Designed as a compact weapon for law
enforcement forces, this submachine gun was first introduced in early
1995. It was tested by the special units of the British AF - SAS. However,
this weapon was produced in limited series. It works on the principle of
free bolt recoil and fires from a closed bolt. Some parts of the weapon
are made of polymer, primarily to reduce weight. The magazine housing
is located in the grip and has a capacity of 32 rounds (the UZI has the
same magazines). The Ruger MP9 has a redesigned folding stock. It can
be cocked using either hand since the cocking handle is located on top of
the weapon. The weapon does not have a Picatinny rail, and uses only
mechanical sights.

The tactical - technical characteristics:
caliber: 9x19 mm Parabellum,
weight: 1.83 kg,
length: 556 mm,
barrel length: 173 mm,
principle of operation: free bolt recoil — closed bolt
muzzle velocity: 370 m/s,
rate of fire: 850-900 rounds/min,
magazine capacity: 32 rounds,
effective firing range: 75 m. (http://military-today.com)

VVVVVVYVYY
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Figure 12 — Ruger MP9 Submachine gun
Puc. 12 — Aemomam Ruger MP9
Cnuka 12 — AytomaT Ruger MP9

The UZl submachine gun, Figure 13, was designed by Israeli
designer, Uzziah Gal in 1949, then lieutenant of the just formed AF of the
Republic of Israel. The weapon is named in his honor. It was officially
adopted in 1951, but become operational in 1954 and was first given to
the special units of the Israeli AF. Produced by the IMI company, the UZI
was so successful that it was adopted by more than 90 countries around
the world, either for the army or the police forces, but it is also a favorite
weapon of terrorists around the world. Over the decades, there have
been a lot of ,family members® (design versions) of this model. It was
licensed and produced in Belgium (FN Uzi) and Rhodesia (Zimbabwe),
while the most popular unlicensed variants were produced in China
(Model 320) and Croatia (Model ERO). It works on the principle of free
bolt recoil and uses an open bolt. The impact of the design of the
Czechoslovak submachine gun model SaVz 23 is visible, especially in
the magazine housed in the grip. The UZI is simple in design and
technology, has relatively few moving parts and is primarily made of
metal. The weapon was selected by the lIsraeli AF primarily due to its
simplicity and ease of production. (http://military-today.com)

The magazine is in the grip, which makes it smaller and easier for
charging. It is fed by 25, 32, 40 and 50-round magazines. The main
shortcomings of the UZI submachine guns are limited range of effective
fire and inaccuracy. There are three basic variants: Mini UZI, Micro UZI
and UZI Pro. The UZl Pro submachine gun was officially launched in
2003 and represents an improved version of the Micro UZI. It was
created based on extensive research by Israeli engineers who conducted
the survey and collected the impressions, observations and reports of
direct users of the Micro UZI. The UZI Pro is lighter because it uses
polymer and titanium alloys. This submachine gun is fed from Glock's
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magazines with a capacity of 17 and 33 rounds. (http://military-
today.com)
The tactical - technical characteristics:
caliber: 9x19 mm,
weight: 3.50 kg,
length: 650 mm,
barrel length: 260 mm,
principle of operation: free bolt recoil — open bolt
muzzle velocity: 400 m/s,
rate of fire: 850-900 rounds/min,
magazine capacity: 25, 32, 40 and 50 rounds,
effective firing range: 200 m.

VVVVVVVYY

Figure 13 — UZI Submachine gun
Puc. 13 — Aemomam UZ|
Cnuka 13 — Aymomam UZI

The CBJ MS submachine gun, Figure 14, was designed by Swedish
designer of weapons Bert Johnson who founded a private company for
production of weapons, CNJ Tech AB. This submachine gun, i.e. its
different design solutions, was presented in the period from 2000 to
2003. This compact weapon is intended for commanders, drivers, tank
and artillery crews, pilots and medical staff. The CBJ MS submachine
gun works on the gas principle. It fires from a closed bolt. The weapon is
actually a modified version of the Israeli UZI. It uses the 6.5x25 mm
ammunition which, during experiments, showed better performance than
the 5.56 and 7.62 mm NATO ammunition. The primary ammunition type
of this SMG is an armour-piercing round with greater penetration
performance. During trials, the CBJ MS round penetrated the standard
Crisat armor at a distance of 230 m. Some weapon designers claim that
the CBJ MS is superior to the Belgian FN P90 and the HK MP7. This
submachine gun is ideal for close combat and self-defense while being
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also effective against lightly armored vehicles. (http://world.guns.ru/smg-
e.html)

The barrel of the submachine gun can be easily removed for
maintenance and/or replacement. The magazine is provided in the
handgrip, and has a capacity of 20 or 30 rounds. A spare magazine can
be kept in the foregrip to be easily changed. There is also a drum
magazine version with a capacity of 100 rounds. This submachine gun
has a Picatinny rail which can hold various sights, flashights, laser target
designators, and the like. The CBJ MS is now being designed in a few
versions and it is obvious that this SMG represents the future, or a
tendency of the further development of submachine guns.

The tactical - technical characteristics:
caliber: 6.50x25 mm,
weight: 2.80 kg,
length: 565 mm,
barrel length: 200 mm,
principle of operation: gas operated — closed bolt
muzzle velocity: 830 m/s,
rate of fire: 700 rounds/min,
magazine capacity: 20, 30 and 100 rounds,
effective firing range: 400 m.
(http://www.zrno.ba/zrno/naoruzanje.html)

VVVVVVVYVYY

Figure 14 — CBJ MS Submachine gun
Puc. 14 — Aemomam CBJ MS
Cnuka 14 — Aymomam CBJ MS

The H&K UMP submachine gun, Figure 15, was developed as a
lighter and cheaper successor to the MP5. Its production started in
1999. The working principle is free bolt recoil with a closed bolt. The
submachine gun has an effective range of fire of up to 100 m. The H&K
UMP has a folding stock that folds to the right. It uses mechanical sights
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or various optical sights on a Weaver-type rail mounted on top. There are
three variants of the UMP: UMP45, using .45 ACP (11.43x23 mm), then
UMP40 with .40 S&W (10x22 mm Smith & Wesson), and UMP9 which
uses the 9x19 mm Parabellum. In addition to a variety of ammunition, all
versions have the same design, while the most striking difference is a
curled magazine of the UMP9. All three versions can use any
ammunition type providing the bolt, the barrel and the magazine are
changed. Table 1 gives a review of the tactical and technical
characteristics of the H&K UMP submachine gun. (http://military-
today.com)

Figure 15 — H&K UMP Submachine gun
Puc. 15 — Aemomam H&K UMP
Cnuka 15 — Aymomam H&K UMP

Table 1 — Tactical and techical characteristics of the UMP submachine gun
Tabnuua 1 — Takmuyveckue u mexHu4yeckue xapakmepucmuxku aemomamos UMP

Tabena 1 — Takmuyko-mexHuU4YKe Kapakmepucmuke aymomama UMP

Submachine gun model UMP45 UMP40 UMP9
Caliber 45ACP | .40 S&W g’;lag .
Principle of operation free bolt recoil — closed bolt
Weight in kg 25 2.3

Length in mm 690

Length barrel in mm 200

Muzzle velocity in m/s 285

Rate of fire in rounds/min 600 650

Magazine capacity in number

of rounds 25 30

Effective firing range in m 100
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The H&K MP7 submachine gun, Figure 16, is intended for combat
vehicle drivers and tank and artillery crews. It represents a kind of
response of Heckler & Koch to the Belgian FN P90. The H&K MP7 was
introduced in 2000 and is currently used in the AF of Germany, South
Korea and the United Kingdom. The H&K MP7 is gas operated and uses
a rotating bolt. Its internal design resembles that of the H&K G36
automatic rifle. The H&K MP7 submachine gun uses 4.6x30 mm
ammunition, which is also used in H&K UCP pistols. The H&K MP7
dimensions are those of a typical submachine gun but at close ranges it
has firepower of an automatic rifle.

It was confirmed that the H&K MP7 submachine gun penetrates the
CRISAT armour at a distance of 200 m. It is often used in offensive
operations by special units. The H&K MP7 submachine gun is well
balanced and easy to handle. It can be used as a pistol, using only one
hand. It also has a folding foregrip and a retractable stock. The magazine
is located in the handgrip and may have a capacity of 20 or 40 rounds.

The tactical - technical characteristics:
caliber: 4.60x30 mm,
weight: 1.50 kg,
length: 540 mm,
barrel length: 180 mm,
principle of operation: gas operated — rotating bolt
muzzle velocity: 725 m/s,
rate of fire: 950 rounds/min,
magazine capacity: 20 and 40 rounds,
effective firing range: from 150 to 200 m. (http://military-
today.com)

VVVVYVYVYVYVYY

Figure 16 — H&K MP7 Submachine gun
Puc. 16 — Aemomam X&K MP7
Cnuka 16 — Aymomam H&K MP7
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Conclusion

As a type of small arms, submachine guns were widely used
primarily by special units of AF for quite a number of years; however, it
seemed they would forever remain in storage facilities. During the
seventies of the 20th century, with the widening use of assault rifles,
submachine guns were, it seemed, doomed to completely disappear from
the historical scene. In fact, in most cases, it was considered that the
functions of submachine guns can also be successfully performed by
automatic rifles and/or assault rifles. Individuals even considered
replacing submachine guns with automatic pistols with burst fire such as
the Beretta 93R or the H&K VP 70.
(http://www.zrno.ba/zrno/naoruzanje.html)

However, from the nineties of the 20th century, when this type of
weapons started experiencing real expansion, SMGs have secured a
strong position in the time to come. This occurs mainly due to the
experience of local wars around the world, large campaign wars (Gulf
War), and the escalation of terrorism in the 21st century. Submachine
guns stand out due to their characteristics, the following ones in
particular :

» possibility of higher density of fire and improved
performance at the target,

> low weight,

» increased accuracy and precision of fire, and

» ability to use a wide range of modern systems and sighting
devices.

Greater attention to innovation and upgrade of the combat
performances of modern submachine guns was especially paid by
German (H&K) and Israel (IMI) weapons companies. In contrast to the
above countries, the United States as the leading country of NATO has
only recently devoted more attention to this type of weapons, primarily
due to the view of their military leadership that these weapons are
considered to be supplementary weapons in many AF and police forces
in the world. Proof of this lies in the fact that the United States started
developing its own types of submachine guns only twenty years ago -
Colt SMG, SWD Ingram, KAC-9 (factory ,Knight's Armament®), AP-9 and
SCC-9 ( factory ,Weaver Arms Corporation®) and Ruger MP9. All of the
above are very compact, light and fitted with the blowback locking
mechanism and a fire selector.
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Based on the foregoing, we conclude that the tendency of further
development of submachine guns in the AF of the NATO countries will be
focused on:

» weapon weight reduction,

» reducing the weapon dimensions retaining at the same

time good combat performances,
» increase of the magazine capacity (usually to 50 rounds),
and

» introduction of a new round to replace the existing 9x19
mm Parabellum, which will be able to penetrate modern
means of personal protection.
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Peswome:

B OaHHoOU cmambe npedcmasrnieH Kpamkuli 0630p CO8pPeMEHHbIX
docmuxeHuli 8 obnacmu pasgumusi 00H020 U3 8UA08 CMpesiIKo8oeo
OpyXXusi, a Mmo4YHee aesmomamos, UCMOb3yeMbix 3apybexHbIMU
BOOPYXEHHLIMU CuUMaMu, 8 4YacmHoCmu 8 cmpaHax ydacmHuyax
CesepoamnaHmu4eckoeo AnbsHca (HATO). B cmambe onucaH
ucmopuyeckull 2eHe3uUc pa3gumusi U UCMOMb308aHUsI asmomMamos, C
aKueHmom Ha ocobeHHocmu GaHHO20 8uda 02HECMPEIbHO20 OPYXKUSI.
llpu HanucaHuu cmambeU aemopbl CMOJSIKHYUCL C rpobnemol
HedocmyrnHocmu cospeMeHHoU ne4amHou numepamypeal,
ecriedcmeue 4yeeo obpawanucb K UHmMepHem pecypcam. 3HaHus 06
asmomMamax, Kak camoz20 3hhekmugHo2o0 8uda CMPesIKogoao
OPYKUSI, UCIMOSIb3YeMbIX 800PYKEHHbIMU cunamu 3apybexHbIX cmpaH,
moeym nomoyb bosiee UesieHanpaenieHHO paccMompemb  8ce
npeumyujecmea ux rnpUMeHEHUs, @ makKxe MOHSMb HaCKOJIbKO 8eJluKa
nompebHoCMb 8 UHHOBAUUOHHOM 100X00e U B/I0KEHUSIX 8
cobcmeeHHbie  pecypcbl U cpedcmea. Cmambsi  sensemcs
pesynbmamomM HaKOMIEHHbIX MEeoPemuYecKux U pakmu4ecKux
3HaHul aemopoes 8 obnacmu UcrobL308aHUs a8momaimos.

Knoyesnle crioga: cmpaHbl HATO, 800pyXeHHbIe curibl, asmomameil.

AYTOMATWN Y HAOPYXXAHY OPYXKAHMX CHAIA HATO 3EMAJBA

Henad B. Kosauesuh?, Mopax M. Naauh®, Mzop 3. Hophesuh®

@ YuusepauteT onbpanre y Beorpaay, BojHa akagemuja, Kagetcka 6puraga,
Beorpag, Penybnuka Cpbuja,

6 YHuBep3uteT onbpaHe y beorpagy, BojHa akagemuja,
Kategpa Haopyxara u onpeme KoB-a, beorpag, Peny6nuka Cpbuja,

® Bojcka Cpbuje, KonHeHa Bojcka, 4. 6purana KoB-a,
Bpare, Penybnuka Cpbuja

OBNACT: HaopyxaHe
BPCTA YJ1AHKA: cTpy4Hu pag
JE3WNK YJTAHKA: eHrnecku

Caxemak:

UnaHak npedcmaerba Kpamak npeaned modepHux docmueHyha u
npasue Oasrbez paseocja jeOHe epcme cmpesrbadykoe HaopyXara —
aymomama y OpyxaHUM cHazama 3emasba  [omnucHUuyama
CesepHoamnaHmckoe casesa (HATO). llpamu u paseoj yrompebe
aymomama, Kao rocebHe epcme cmpesbaykoe Haopyxama. Y
Hedocmamky Hosuje numepamype y pady Ccy yMHo2ome KopuwheHu
rnodayu ca uHmepHema. [lo3Hasamem aymomama, Kao jeOHe 00
HajechekacHuje U HajetbekmusHUje epcme cmperbayko2 Haopyxara
cmpaHuXx opy>kaHUX CHaza Moay Ce Ha C8PCUCXOOHUjU Ha4yuH caznedamu
HUuxosu egbekmu yriompebe, kao u nompeba 3a uHosauujama U
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yrazakem y coricmeeHe pecypce. YnaHak npedcmaerba cybrumam
UcKycmaea U3 rfpakce U ImeopemcKux ca3Harba aymopa y ee3u ca
yrnompebom aymomama.

Kmbyure peyu: HATO 3emrbe, opyxxaHe cHaze, aymomamul.
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NMPUKA3N
OB30PHI
REVIEWS

8. MERYHAPOOHN HAYHYHO-CTPYYHU
CKYT N3 OBJIACTV OOBEPAMBEHNX
TEXHONOI'MJA OTEX 2018 (NMPUKA3
360PHUKA PAOOBA)

Cnaeko J. NokopHu

Bucoka wkona cTpykoBHUX CTyAuja 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/vojtehg67-19448; https://doi.org/10.5937/vojtehg67-19448

OBNACT: BojHe TexHonoruje
BPCTA UYJTIAHKA: npukas
JESNK YJTAHKA: cpnckn

Caxemak:

Y oeom npukasy npedoyeHe Cy OCHOBHe UHghopMmauyuje O YKYMHUM
pesynmamuma, 3Hadajy, MmelyHapodOHOM npozspamckom 0060py U
obnacmuma pada 8. MmehyHapoOHO2 Hay4YHO-CMpy4YyHO2 CKyra us3
obnacmu o00bpambeHux mexHomnoeuja OTEX 2018 (8”’ International
Scientific Conference on Defensive Technologies OTEH 2018). HasedeH
Je 6poj memamckux obnacmu, 6poj padosa, 6poj aymopa/koaymopa, 6poj
cecuja cKyrna, Kao U 4raHoea rpozgpamckoe o0bopa. Ha osozoduwir-em
CKyry je, y o0Hocy Ha rpemxodHux cedam, busro Hajmarse objasrbeHux
padoea.

KmbyyHe  pequ: MmeRyHapoOHa  koHgepeHuyuja, OTEX, eojHe
mexHorsoauje, npukas.

Y BojHoTexHu4kom wuHcTuTyTy (BTW) y Beorpagy je, 11. n 12.
okTobpa 2018. rognHe, ogpxaH 8. mehyHapoaHN Hay4HO-CTPYYHU CKyM
n3 obnactn onbpambennx TexHomormja OTEX 2018 (8" International
Scientific Conference on Defensive Technologies OTEH 2018), nog
NMOKPOBUTEILCTBOM YnpaBe 3a oabpambeHe TexHornorvje MuHucTapcTtea
oabpaHe Penybnuke Cpbuije.

OpraHunsatop OBe 3HayajHe KOH(pepeHumje je, no ceamu nyT,
BojHOTEXHWYKM MHCTUTYT. HanomeHnMmoO f[a je npBa KoHdepeHuuja
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oapxaHa 2005. roguHe, Ha nHuumjaTtuey BojHe akapgemuje, nog HasMBOM
1. Hay4Hu ckyn ogbpambeHe TexHonorvje y dyHkumju mmpa — OTEX
2005, a nmana je kapaktep gomahe koHdepeHumje, Kao u gpyra, Kojy je,
Kao N cBe HapedHe KOH(epeHuuje, opraHuzosao BTW. Tpeha
KoHdepeHumja 6una je ca mehyHapogHuMM ydewhem, a of 4eTBpTE je
mehyHapogHa. O cTaTUCTMYKMM nojauuma W Hekum geTtarbuma
npeTxoaHMX KoHepeHunja moxe ce Bugetun y (Pokorni, 2017), (Gacesa,
2010).

OTEX je mehyHapoOHW Hay4YHO-CTPYYHW CKyM MWCTpaxuBadya U3
nogpydja oabpambeHnx TexHonorvja Koju ce ogpxaea ca UMibemMm ga ce
cBeobyxBaTHO M MyNTUAMCUMNINHAPHO carnefajy akTyenHOCTU Y OBOj
obnactu (http://www.vti.mod.gov.rs/oteh/elementi/cinfo.htm).

3a KOHdpepeHuMjy ce Mory nmnogHeTM pafoBuM Koju cagpxe
OpWUrMHanHe TeopujCcke UNWU NpakTUYHe pesynTtate UCTpaxuBama, Kao U
npyKasn npakTUYHUX pellewa wnn ypehaja n3 gomeHa TemaTCKux
obnacTtu KoHdepeHumje.

CBakun y4ecHUK Moxe BUTK ayTop MnM KoayTop HajBullie Tpu paja,
ann camo jegaHnyT npeu aytop. CBM pagoBu noanexy CTPY4HO]
peLeH3nju.

Mpownoroamwtwa KoHdepeHumnja wumana je 8 cekuuja, kKao u
npeTxodHe ABe (Tabena 1).

o capa je y 36opHMUMMa oBe KOHdbepeHUuje NybrMKkoBaHO YKYMHO
1243 paga, ykrbydyjyhm n OTEX 2018 (tabena 2).

3a KoHpepeHumjy ce wTamna nporpam n usgaje LU Ha kojem ce
Hanase CBM pagoBM Koju Ccy npownu peueHsnjy. Op 4eTBpTe
KoHdepeHumje, ogpxaHe 2009. rognHe (OTEX 2009), kaga je OTEX
noctao MehyHapogHa KOH(epeHunja, pagoBuM Ce MUY U U3naxy Ha
€HINIECKOM je3UnKy, anm 1M Ha CPrCcKOM (aKo Yy CeKUuMju y KOojoj ce uanaxy
pagoBM HEMa yYeCHMKa KOoju He pasyMmejy CPrcKu jeauk, No AoroBopy ca
npeacenasajyhum cekuuje).

Mporpamcku ogbop npolnoroavilkbe KoHgepeHumje YmHuno je 38
Hay4YHUX pagHuka 13 11 3emarba (Ha npeTxoaHoj KoHdepeHumjn 43 n3 12
3emarba): benopycuja 1, bocHa 1 XepuerosuHa 2 (1 us degepaumje n 1
n3 Penybnuke Cpncke), byrapcka 1, Yewka 2, MakegoHuja 1, Hemauka
1, Hoeu 3enang 1, PymyHuja 1, Pycuja 1, Cpbuja 28 (o kojux je 10 un3
UMBUITHUX MHCTUTYUMja). dakne, 12 unaHoBa, unm oko 32 %, 6uno je u3
WMHOCTpaHCTBa (Ha NpeTxoAHoj kKoHdepeHumju 16 unu 37%), Tabena 2.

OTBapamy KOH(bepeHLMje NpUCycTBOBaNM Cy BUCOKW 3BaHUYHWULU
MwuHuctapctea ogbpaHe n Bojcke Cpbuje M cTpaHuM BOjHUM M3acnaHUum
akpeguToBaHu y Cpbujun.
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OBoroaniiky KOH(EepeHuunjy OTBOPMO je MUuHUCTap opbpaHe
Penybnuke Cpbuje Anekcangap BynuH, a ckyny ce, y ume opraHusaTopa
n gpomahuHa, obpatmno gupektop BTU nykoBHuk ap bojaH MNaBkosuh.

Tabena 1 - lpeaned ykyrnHoe bpoja padosa rno obrnacmuma KOHepeHyuje

Table 1 — Overview of the number of all papers grouped by the Conference areas
Tabnuua 1 — 0630p pabom no obnacmsm, npedcmasrieHHbIM Ha KOHGbepeHUUU

VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2019, Vol. 67, Issue 2

Pepn. Hasue obnactu OTEX OTEX OTEX OTEX OTEX

op. 2011 2012 2014 2016 2018
[neHapHa nsnarawa 3 2 2 2 3

1 AepoguHamuka u guHamuka 11 12 10 12 8
neta

2 Basgyxonnosu 22 23 26 13 10

3 Haopyxare 1 Bosuna 21 14 10

4 MyHuLMja 1 eHepreTcku 28 29 20 15 14
mMaTepujanu

5 MHTerpmncaHm ceH30pcKku un 17 16 21 20 22
poboTCckM cuctemu

6 TenekoMyHMKaLMOHN U 18 18 12 12 9
WH(OPMaLMOHN CUCTEMN

7 Matepujanu n TexHonoruje 22 34 36 35 28

8 KeanuteT, ctTaHgapausaumja, | 11 11 10 1 9
MeTposoruja, oapXxaBare 1
ekcnnoartauuja

9 [eoTonorpadpcke 7 - - -
TexHonorunje

10 MegnunHa y pyHKLMjK 3 - - -
onbpaHe

YKYTMNHO OBJIACTU 9 7 8 8 8

YKYNHO PAOOBA 142 145 158 134 113

MuHuctap ogbpaHe AnekcaHgap BynuH je, nopen ocrtanor, uctakao
na je opwujeHTauumja Bojcke Cpbuje ga ce y Hajpehoj moryhoj mepwm
onpemMa u cHabaeBa M3 COMNCTBEHWX M3BOpa M cpeacTasa, nonasehu o
CTaBa [Ja je caMO OHO LITO camu NPOM3BEAEeMO, OHa TEXHOroruja Kojy
camMn OCBOjMMO 3aucta Hawa. 36or Tora he ce HacTojaTM ga ce y
Hape4HOM nepuody, BuWe Hero A0 cafa, ynaxe y CTpydhake Koju he
OUTK y CTaky Aa TEeXHONOornjy Kojy KynMmo npunaroge u npumeHe unm
cTBope notnyHo HoBy (http://www.vti.mod.gov.rs/index.php?view=actuality).

OupekTop BojHoTexHuykor nHctutyTa ap bojaH MNaekosuh je, nopen
ocTarnor, Nopy4Yno Aa ce y epn MHTEH3MBHOT pa3Boja HOBUX TEXHomoruja
n 6p3mx NPOMeEHa y pa3Bojy HaopyXaka 1 BOjHE Onpeme jaBrba peanHa
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notpeba 3a 6GnuckoM capagHOM M pasMeHOM 3Hawa usMehy cBux
YMHMNaua Koju yyecTByjy y TOM npowecy
(http://www.vti.mod.gov.rs/index.php?view=actuality).

Tabena 2 — bpoj padosa, aymopa, cekyuja, cecuja u 4ynaHosa rpozpamckoz odbopa rno
KOHgbepeHuujama
Table 2 — Number of papers, authors, sections, sessions and members of the Programme
Committee by Conferences
Tabnuua 2 — Cnucok konu4yecmea rpedcmasneHHbIx pabom, asmopos, cekyul, cecculi
u npedcmasumerneli Opekomumema KoHghepeHyuu

OTEX | OTEX | OTEX | OTEX | OTEX | OTEX | OTEX | OTEX
2005 | 2007 2009 2011 2012 2014 2016 | 2018
Bpoj pagosa 168 181 202 142 145 158 134 113
Bpoj 268 287 374 315 402 417 507 410
ayTopa/koayTopa
Bpoj cekumja 14 10 11 9 7 8 8 8
Bpoj cecuja 19 22 20 15 15 16 16 14
Bbpoj unaHoBa
Mporpamckor 30/7 30/4 22/5 31/13 | 29/10 | 38/17 | 43/16 | 38/12
ogbopa
Bpoj apxaea 1 1 4 17 16 14 15 12
INerenpa:

* CBaka koHdepeHUuja je umana nneHapHe pagose (Tabena 1) Koju cy oBae HaBeLEeHW.

** Bpoj TemaTtckux obnactu ogHoOcHO cekuuja. bpoj cecuja je 6poj ceagHuLa Ha kojuma cy
nsnaraHv pagoBu Mo cekuujama.

*** YkynaH 6poj unaHoBa [Mporpamckor og6opa/6poj BaH nHctutyumnja Bojcke Cpbuje 3a
OTEX 2005, OTEX 2007 n OTEX 2009, a 3a OTEX 2011, OTEX 2012, OTEX 2014,
OTEX 2016 u OTEX 2018 10 cy ykynaH Opoj unaHoBa [lporpamckor opbopa/6poj
YrnaHoBa U3 MHOCTPAHCTBA (MpU YeMy UNaHOBU M3 LMBUIHMX UHCTUTYUMja Cpbuje Hucy
noce6Ho n3aBajaHn 13 ykynHor 6poja).

****Y 6poj opxaBa ybpojaHa je n Cpbuja, kao fomahuH KoHpepeHupje.

Ha BehuHu pgocapalinsnx KOHdepeHunja cy Ha oTBapaky oapKaHa
W npurogHa npedaBawa MNocBeheHa HalwMM MNo3HATUM  HaydHULMMA.
Tako je 2011. roanHe npurogHo npefasake 6UNO NocBeheHo XMBOTY U
Hay4yHuMm gocturHyhuma Hukone Tecne, 2014. roguHe 160. rognwHnum
pohewa Mwuxajna lNynunHa, a 2016. rognHe matematnyapkm Mwunesu
Mapuh. lNpownoroguwka KoHepeHumja 6una je noceeheHa Halem
NO3HATOM HayyHuKy MwunytuHy MwunaHkoBuhy, O KOME je NpuUrogHo
npegaBarwe ogpxao npodecop ap Jlasa Jlasuh, a opraHmMsoBaHa je U
nanoxba o HEeroBoM XUBOTY M pagy y3 noapliky Yapyxewa ,MunytuH
MwunaHkoBuh”.
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HakoH oTBapara ogpxaHa Cy Tpu NreHapHa npegasarba, of Kojux
Cy ABa oap)arnu roctm us mHoctpaHctea: npod. ap Taek Lyul Song ca
yHuBep3uTeTa y JyxHoj Kopeju n nykoBHuUK Tymap Buktap u3 opyxaHux
cHara Penybnuke Benopycwuje. Mpepasay n3 Cpbuje 6mo je npod. ap
Momunno MwunuHoBuh ca MawwnHckor dakyteTa YHuBepauTeTa Yy
Beorpaay. HeTarbu ce Mory BMaeTn Ha
http://www.vti.mod.gov.rs/oteh/elementi/eprogram.htm n
http://www.vti.mod.gov.rs/index.php?view=actuality.

KoHbepeHumja je HacTaBrbeHa pagoM Mo cekuunjama u cecunjama.
MnaH paga nNo cekuMjama W KpaTKM cagpxajyu npuxeaheHux wu
peueH3upaHux pagoBa Mory ce BuaetTu Ha cajty OTEX 2018
(http://www.vti.mod.gov.rs/oteh/elementi/eradovi.htm), ook ce komnneTHu
pagoBu Hanase Ha -y (OTEX, 2018ab).

Y 360pHUKy KoHdepeHumje OTEX 2018 nma ykynHo 111 pagosa u 3
nneHapHa paga, koje je Hanucano 410 aytopa w3 12 Aapxasa
(ykrbyvyjyhm n Cpbujy). bpoj apkaBa y4ecHuua je HEWTO MakWi Hero Ha
npeTxogHe 4etupu mMehyHapoaHe KoHdepeHuumje, ¢ TUM LITO Cy U3 Tpu
ApXase ayTopu ydectBoBanu no npsu nyt (PuHcka, JyxHa Kopeja,
Mahapcka), Tabena 3. [lo caga cy Ha koHdepeHuuju OTEX yyecTtBoBanu
aytopu u3 ykynHo 30 gpxasa, Mefy Kojuma u Hawu rbyan Koju page y
TMM gpxaBama. Y Tabenu 3 HaBegeHw cy M pagoBuM M ayTopu ca
nneHapHUX nanarawa.

YkynaH Opoj pagoBa MpoLoroavilbe KOHMepeHumje je Hajmarbn
po capa, 6uno ga ce pagu o pagosuma gomahmx MM MHOCTPaHUX
aytopa (Tabena 2, Tabena 3).

3a pasnuky on BehuHe Apyrux koHdepeHuuja, 3a OTEX ce He
nnaha kotusaumwja. Ocum Tora, ogpxaea ce y beorpagy, y kojem je
KOHLEHTPUCAH Hay4HU U CTpy4HU noTeHumjan Cpbuje, Kako BOjHU Tako 1
uvBunHU. TpebGa pehu m TO Oa je Haw rnaBHW rpag MpuBadHa
AecTuHauMja 3a y4eCHUKe 13 MHOCTpaHCTBa.

Tabena 3 — lNpeaned bpoja padosa u aymopa (U Koaymopa) no uHocmpaHumMm dpxasama
y4yecHuuama
Table 3 — Overview of the number of papers and authors (with coauthors) by foreign
participating states

Tabnuua 3 — O630p Konudecmea pabom u asmopoes (coasmopos) rno 3apybekHbIM
cmpaHam, Komopsbie npedcmasnsiiom y4acmHUKU

OTEX OTEX OTEX OTEX OTEX
Pen. | Opxasa 2011 2012 2014 2016 2018
Gp. Bpoj | bpoj | bpoj | Bpoj | bpoj | Bpoj | Bpoj | bpoj | bpoj | Bpoj
pap. | ayt. | pag. | ayt. | pag. | ayt. | paa. | ayTt. | paa. | ayT.
1 Anxup 3 3 3 5 5 11 7 7
2 Ayctpanuja | 1 1
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OTEX OTEX OTEX OTEX OTEX
Pen. | OpxaBa 2011 2012 2014 2016 2018
6p. Bpoj | Bpoj | Bbpoj | bpoj | bpoj | bpoj | Bpoj | bpoj | Bpoj | bpoj
pag. | ayt. | pag. | ayT. | pag. | ayT. | pag. | ayT. | pag. | ayr.
3 AycTpuja 1 1 1 1
4 Benopycuja 9 1 3 2 4 1 4 2 3
5 BuX 5 3 6 4 8 2 5 2 3
6 Byrapcka 2 4 1 2 1 4
7 Benuka 1 2 2 2 1 2 1 1
BputaHuja
8 Ervnar 2 2
9 Upcka 1 2
10 Wtanuja 1 1 1 1 1 2
11 M3paen 1 1
12 JyxHa 1 1
Kopeja
13 KaHnapa 3 3 1 1 1 1 2 2
14 Kuna 2 3
15 Mahapcka 1 2
16 MakegoHuja 3 7 3 9 1 5
17 Hoeu 1 1
3enaHpg,
18 Morbcka 2 10
19 Pycuja 1 1 1 1
20 CAL 1 1
21 CnoBeHuja 1 4 1 6 1 1 2 2
22 CypaH 8 15
23 Typcka 8 11 6 10 1 2
24 Yijeanteru 1 1 1 1
Apancku
Emunpatun
25 YkpajuHa 1 1 1 2 1 1
26 duHcka 1 2
27 ®paHuycka | 1 1 2 2 1 1
28 LipHa Nopa 1 3 2 2 2 5
29 Yewwka 2 3 2 3 1 4 1 1 1 3
Penybnuka
30 Lsajuapcka | 1 1 1 1
YKYTHO 32 47 32 61 31 62 24 39 16 28
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Moxe ce koHcTaTtoBaTu Aa koHdepeHuuja OTEX 1 garbe ycnewHo
HacTaB/ba pad. YodaBa ce capafjla aytopa U3 pasHUX MHCTUTyuuja
Bojcke u Munnctapctea ogbpaHe Penybnuke Cpbuje, kako ca UnMBUIHUM
nHctutyumnjama y Cpbuju, Tako n ca nHctutyumnjama saH Cpbuje, anu u
ca CTydeHTUMa [OKTOPCKUX CTyauja M3 Opyrux 3emarba, Koju Cy Ha
ctyognjama y Cpbuju, nocebHo y BojHOj akagemnju YHuBepsuTeTa
oabGpaHe.

bpoj pagoBa, ka0 M ayTtopa W3 WHOCTPaAHCTBA, Ha Mnocrneawum
KoH(bepeHumjama ce cmamyje (Tabena 4). bpoj pagoBa cpnckux aytopa
je Behu Hero WTo je HaBeaeHo y Tabenu 4, jep je camo 7 pagoBa rae cy
NCKIbYYMBO WHOCTPaHU ayTopu, a ocTanu pafoBu, oA wux 16, jecy
pagoBu u gomahux aytopa. Takohe, u 6poj aytopa M3 MHOCTpaAHCTBA je
Behn Hero WTo je HaBegeHo y Tabenu 4, jep Cy HEKU MHOCTPaHU ayTopu
CTYAeHTM pJokTopckux ctyamja y Cpbuju, 6uno Ha YHuBepautety
onbpaHe unu beorpagckom yHuBep3uTeTy, Na Cy HaBegeHun y pagoBmMa
3ajegHo ca gomahmm aytopuma. BehnHa pagoBa je KONEKTUBHO Aero
Buwe aytopa —of 1 go 7. NpoceyaH 6poj ayTopa no jegHoOM pagy, kaga
ce pagn o gomahum pagosuma, oBe roguHe je 3,96, a npowne je 6uo
4,25, OOK je Kog WMHOCTpaHux pagoBa 1,62, a npowrne rognHe Takohe
1,62 (Tabena 4).

Tabena 4 — lNpeaned bpoja padosa u aymopa/koaymopa no dpxxasama y4yecHuyama
Tabne 4 — Overview of the number of papers and authors/coauthors by participating

states
Tabnuua 4 — O630p kKonudecmasa pabom u asmopos/coasmopos o cmpaHam
y4yacmHukKos
OTEX 2011 | OTEX 2012 | OTEX 2014 | OTEX 2016 | OTEX 2018
Pegn. 6p.
Bpoj | bpoj | Bpoj | bpoj | Bpoj | bpoj | Bpoj | bpoj | bpoj | Bpoj
pag. | ayt. | pag. | ayt. | pag. | ayt. | pag. | ayT. | pag. | ayT.
Bpoj
MHOCTpaHuX | 16 15 13 14 11
pagoBa
YKYMNHO 32 47 32 61 31 62 24 39 16 26
MHOCTPaHu
YKYMNHO 110 | 268 | 113 | 341 127 | 35 | 110 | 468 | 97 384
Cpbuja
YKYMNHO 142 | 315 | 145 | 402 | 158 | 412 | 134 | 507 | 113 | 410
OTEX
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Mpemaa je n Ha 0OBOj KOHMEpeHuuju, Kao U Ha BehuHW [pyrux
Hay4YHWX CKynoBa, OrpaHM4YeHO [a ce WCTU ayTop MOXe MojaBuTu ca
HajBuLIe Tpu paga, a camo Ha jedHOM pady Kao npBu ayTop, OBOr nyTa
caMo jefaH ayTop je MOTnNMCuBao BuLWeE oOf TPy paja 3a pasnuky of
NpeTxo4HMX KOHepeHUMja, Kaga je 61Mno 3HaTHO BULLE ayTopa ca Bulle
oA Tpu paja.

Tpeba gogatn ga cy, Kao M NpeTxXogHUX roguHa, Ha KoHdepeHumjn
y4yecTBOBanv u nsnaranv pagose Hekagalwwu npunagHium Bojcke, Koju
AaHac paje Yy BWCOKOOBPa3OBHUM MWHCTUTYyUMjaMa W HayYHUM W
NpyBpPEeaHNUM UHCTUTYLUMjaMa, Kako Y MHOCTPaHCTBY, Tako n'y Cpbuju.
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BOCbMAST MEXXOYHAPOOHAS HAYUHASI BOEHHO-
TEXHWYECKASI KOHOEPEHLIMSA OTEX-2018 (OB30P CEOPHMKA
CTATEWN)

Cnaeko M. MokopHu
Konnenx nHdhopmaumoHHbIX TexHonoruni, r. benrpag, Pecnybnvka Cepbus

PYBPUKW: 78.25.00 BoopyxeHne n BoeHHas TexHuKa,
20.01.13 HayyHble n TexHu4eckme obLiectsa, KOHIPecchl,
KOHbepeHUMn, CUMNO3NYMbl, CEMUHAPbI, BbICTABKM

BWO CTATbW: o630p

A3bIK CTATbW: cepbekui

Pe3some:

B paHHon 0630pHON cTaTbe NpeacTaBneHa OCHOBHAsi MHAopmauus o
pesynbTatax, 3HadeHun, paboTe MexayHapogHOro nporpaMMHOro
KomuTeTa un obnactax pgeaTenbHocTn BocbMon MexayHapoaHon
BOEHHO-TEXHUYECKON  KOH(EPEeHUUN, MOCBSALEHHON  OBOPOHHbLIM
TexHonoruam, OTEX-2018 (8"’ International Scientific Conference on
Defensive Technologies OTEH 2018), a Takke CpaBHUTENbHbIN
aHanm3 ee NpoBefeHNst C CeMbio Npeabiaywmmu. NprBeaeHbl AaHHbIe

467

Pokorni, S. 8. medunarodni nau¢no-stru¢ni skup iz oblasti odbrambenih tehnologija OTEH 2018 (prikaz zbornika radova), pp.460-468



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2019, Vol. 67, Issue 2

o] TeMaTU4ecknx obnacTtsx, Konun4yecTBe pabor, yucne
aBTOpPOB/COABTOPOB, MOPSAKE MNPOBEAEHUSI KOHMEepeHuun, B TOM
uucrne, ee pacnpegeneHun no ceccusiM. [pencraBneHbl  YneHbl
nporpamMmHoOro komuTtetra. HyXHO OTMeTUTb, 4TO B 3TOM roay
KONmn4yecTBo paboT NpeaocTaBneHHbIX K NyGrvkauum, No CpaBHEHUIO C
KOHGepeHUnaMN NpoBeAEeHHbIMUN paHee, OblNT0 HAMHOIO MEHbLLE.
Knovesblie criosa: mexdyHapodHas KoHgepeHuyus, OTEX, 80eHHble
mexHorioeuu, 0630p.

8" INTERNATIONAL SCIENTIFIC CONFERENCE ON DEFENSIVE
TECHNOLOGIES OTEH-2018 (PROCEEDINGS REVIEW)

Slavko J. Pokorni
Information Technology School, Belgrade, Republic of Serbia

FIELD: Military Technology
ARTICLE TYPE: Review
ARTICLE LANGUAGE: Serbian

Summary:

The article presents the basic information about the overal results,
significance, international programme committee and working areas of the
8" International Scientific Conference on Defensive Technologies, OTEH
2018, in comparison with the previous seven conferencies. The number of
sections, number of papers, number of authors/coauthors, number of
sessions and number of members of the scientific committee are
presented in the review. This year’s conference has had the smalest
number of papers published so far.

Key words: international conference, OTEH, military technology, review.
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CABPEMEHO HAOPY>XXAHE N BOJHA OIMNPEMA
COBPEMEHHOE BOOPY>XEHVE 1 BOEHHOE OBEOPY[JOBAHVE
MODERN WEAPONS AND MILITARY EQUIPMENT

AHanusa 15 HajmogepHMjux OCHOBHUX 6opbeHnx TeHKkoBa y
1
cBeTy

WHTepHeT cajT Army Recognition npeactasno je 15 HajMogepHujux
OCHOBHMX DOpOEHMX TEHKOBA KOjU CY Y MPOU3BOAHKM UIN CMIPEMHU 3a CEPUjCKY
npoussogny (nogaum gatmpajy og 27. Hoeembpa 2018). Pagu ce o nucTtu koja
UCKIbydyje nake n cpefhe TeHKkoBe knace of 25 go 35 ToHa, ocuM jedHor,
apreHTuHckor TeHka TAM 2IP, koju je ykrbydyeH Kao npeactaBHUK JyxHe
Amepuke. JoL HEKONMKO NaknxX U cpeawnx TeHkoBa Tpebaro je ga ce Hahe Ha
OBOj JINCTU, Kao LWITO je TYPCKO-UHOOHEXAHCKM cpentn TeHk Kaplan-Harimau
Koju je nadyseT ¢ 063mpom Ha gaTyM objaBrbuBam-a YnaHka.

Army Recognition & https:]‘twww.armyre:ﬁs g
X | . . ) 4

-\\w

IRIBHEWS

cognition.com | ‘Sl |

AHanu3sa uHmepHem cajma Army Recognition: 15 HajmodepHujux ocHogHUX 6opbeHuUx
meHkKosa y ceemy

! Army Recognition 30 November 2018
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Jincty unHe cnepehm TeHkoBu: T-90MS un T-14 Armata u3 Pycuje, M1A2
SEP V3 3a CAL., VT4 (MBT-3000) n Type 99 (ZTZ99) 3a Kuny, Leclerc XLR 3a
®paHuycky, Leoclerc EMBT 3a ®paHuycky n Hemauky, Leopard 2A7 3a
Hemauky, Challenger 2 Black Night 3a Benvky bputanujy, Altay 3a Typcky, TAM
2IP 3a ApreHtuHy, K2 Black Panther 3a JyxHy Kopejy, Type 10 3a JanaH,
Merkava |V Barak / Merkava IV M Windbreaker 3a W3paen, n Karrar 3a WpaH.

Mako je MHOro 3emarba ogycTano of CBOjUX OCHOBHUX GOpOEHMX TeHKOBa
N 3aMeHunIo nx 6opbeHnM Bo3unMma TouKalmMmMma y KoHdurypaumju 6x6 mnm 8x8
WNM ryceHnyapuma CnmyHe HameHe, YuHM ce Ada notpeba 3a Tewkum wunu
cpearuM TEHKOBUMA M Jarbe nocTtoju. Heke 3emrbe npeucnutyjy CBoje oanyke,
1 na NOHOBO pa3maTpajy HabaBKy Makap cpeaHux TEHKOBA.

MpeacraBuhemo ocHoBHe BopbeHe TeHKOBe, NOYEBLUWN Of HajMOAEpHUjer.

Challenger 2 “Black Night”
Challenger 2 ,Black Night” (Bb) — cenmembap 2018.

TexHonowkn pgemoHcTtpatop Challenger 2 ,Black Night” npeacrasrsa
MoOepHM30BaHy Bep3unjy GputaHckor TeHka Challenger 2, ocHoBHor 6op6eHor
TEHKa kojy je npeactaBuna komnanuja ,BAE Systems”, koja yvecTByje vy
noctynky Life Extension Project (LEP). Challenger 2 je ctaHgapaHu OCHOBHU
6opbeHn TeHK Koju ce Hamnasu y onepaTuBHOj YNOTpebu OpUTaHCKUX OpYyXKaHMX
cHara o 1994. rognHe. HoBa Bep3uja 0BOr TeHKa cagpXxu MHora yHanpehewa y
Kynonu n BaH we. Hoa onpema y kynonu Bepauje ,Black Night” cagpxu
He3aBMCHY MaHOPaMCKy HULLAHCKY CnpaBy KOMaHaupa Komnanuje ,Safran
Paseo”, nacmBHy MynTucnekTpanHy TepMarsiHy HULAHCKY CrpaBy 3a HULIaHLInjy
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komnaHuje ,Leonardo” u paHeBHO-HOhHM ocmaTpadvku ypehaj DNVS 4 3a
cnpoBohewe Mucuje noBau-ybuua y3 TepmanHuM ocmaTtpadku ypehaj 3a
HULWaHLIKjy, KOMaHaMpa 1 Bo3ada, WTo My, nopef octanor, omoryhasa rahame
unmrba y MOKPETYy ca BMCOKMM CTENeHoM BepoBaTHohe norafawa MeTe.
MopgepHn3oBaHu TEHK OMPEMISBEH je CUCTEMOM 3a ayTOMaTCKO npahere MmeTe.

TeHk Challenger 2 ,Black Night* kopuctn UCTy Kynomny kao 1 cTaHgapgHa
Bep3vja TEHKa koja ce HanasuM Ha cpefuHu wacuje. OCHOBHO HaopyXahe
cactoju ce og tona komnaHuje BAE Systems L30A1 RO Defence 120 mm ca
onyyeHoMm ueBu. Ton mucnarbyje ctaHgapaHy MyHuumjy 120 MM, a y TeHky je
cmewTeHo 0o 50 npojektuna. NomohHO Haopyxahe cacToju ce o4 CrnperHyTor
MuTparbesa 7.62 MM M MuTparbe3a Ha kynonu. Ca obe cTpaHe Kynone
MOHTUPaHW Cy enekTpuyHu Bauaun AMMHMX rpaHaTa. Kynona je Ha enekTpuyHu
MOroH, a HOM YNpasrbajy KOMaHAWP U HUWaHuunja y kpyry og 360 cteneHn u
enesauunjom go + 20 cteneHun n genpecunjom uesun o — 10 cteneHu.

[un3ajH Kynone cnvyaH je Kynonu ctaHgapgHe Bep3uvje TeHka Challenger 2.
TeHk MMa nocagy of 4eTupu unaHa. Bosau ce Hamaswm y cpeavHu Tpyna,
KOMaHoup cegu ca f[ecHe CTpaHe Kynofe, HuWaHuuvja Hanpeg u usHag
KomMaHaupa, AoK je nyHunau Ha neBoj cTpaHu. Kynona je onpemrbeHa gpyrom
reHepaumjom 4obxam oknona pagn nosehawa 3awTUTe O KUHETUYKMX U
XEMUjCKUX/EKCNNO3MBHUX MPOjeKTUna, a yKIbydyje U TEXHOMOrnjy Koja ymamyje
pagapckn ogpa3. OpoHTaNHU OKION NPOJEKTOBaH je Tako Aa LUTUTU of CBUX
BPCTa KMHETUYKMX MNPOjEKTUNa, OCUM COBJETCKOr KMHETUYKOr MpojeKkTuna
APFSDS og 115 mm (!), koju, npema GpuUTaHCKUM npoLeHama, Moxe npobuTu
npegHu oknon Ha garbMHama og 200 m. MiHTepecaHTaH nogaTtak o npobojHoCTH
COBjeTCKOr MpojekTuna BepoBaTHO ce ogHocu Ha npojektune 3VBM-1, U-5TS
nnn 3UBM-13 koju npeactasrbajy npBe coBjeTcke npojektune tuna APFSDS ca
BPXOM O MeTana M OCMpOMalleHor ypaHujyma. Hawmme, Tokom WpaHcko-
npaykor pata, Mpaykm TEHKOBU T-62, HaopyxaHun TornomMm og 115 MM, ycrnewHo cy
npobujann amepudke TeHkoBe M-60, anu 1 OpuTtaHcke TeHkoBe Tuna Chieftain,
WTO je HaBeno bpuTaHue ga ogmMax MOYHY ca pas3BujateM HOBOI OKITOMHOr
naketa Stillbrew.

BoyHa cTpaHa oknona 3awTtuheHa je OA4 KMHETUYKMX npojekTuna Ao
kanubpa 76 Mmm Ha garbuHama og 2000 m, 57 mm Ha garbuHama o 2800 m n 45
MM Ha pgarbuMHama of 1000 m. Kynona je noTnyHo 3awTuheHa of npojektuna
pakeTHor 6auaya Carl Gustav. lNopen nacvBHe 3alITUTE, TEHK je ONPEMIbEH U
aKTMBHMUM cuctemomMm 3awTtute lron Fist (APS -Active Protection System)
nspaencke komnanuje IMI (Israel Military Industries).

LLTo ce Tnye nokpetrbmBocTy, Challenger 2 ,Black Night’ nma ncty wacujy,
TPYN 1 NOTOHCKU €0 Kao 1 CTaHdapAHa Bep3uja.

OBa mogepHM3OBaHa Bep3uja je nMpBu NyT MpuKasaHa TOKOM centembpa
2018. roguHe. YKonuko TecTupame Bo3una byae ycnewHo, Challenger 2 ,Black
Night” wmorao 6u ce Hahu y onepaTuBHOj ynoTpebu y BputaHckum opyxaHum
cHarama go 2024. roguHe, 0ok 6u ykynaH ©poj mMogepHM3OBaHWX TEHKOBa
n3Hocmo Ao 224 y okesupy nporpama Challenger 2 LEP Life Extension Project
GpuTaHckor MMHMUCTapCcTBa oabpaHe.
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YHanpeheHu esporicku 0CHO8HU 6opbeHu meHK (®paHuycka u
Hemayka) EMBT (European/Enhanced Main Battle Tank) — jyH
2018.

EMBT — European/Enhanced Main Battle Tan

YHanpeheHn eBponcku ocHoBHM GopbeHn TeHk, unn EMBT, y cTtBapu je
TexHonowkn aemoHcTpatop. Komnanuja ,Nexter” sogu ra kao ,yHanpeheHu”
OCHOBHM 6GOp6eHM TeHK, OOK ra HWXOB HEeMayku napTHep O3HayaBa Kao
,EBPOMCKN®. Hberoea LWwacuja NnpeacTaBba KOMOUHaUWjy LWacuje HeMayvkor TeHka
Leopard 2A7 ca nakom Kynonom u cppaHuyckor TeHka Leclerc. C 063mMpom Ha To
Ja je dpaHuycka kynona nakwa 3a 6 ToHa TO MoTeHuujarHu Kynum Mory
NCKOPUCTUTWN 3a CMelTaj gofdatHe onpeme. TeHK je npojekToBana KomnaHuja
,KNDS Group”, wrto je 3ajegHnykm nogyxeat komnanvja KMW un ,Nexter
Defense Systems”. Kako TeHk, y CylUTUHK, NpeacTaBrba KOMOUHaLN)y HEMaYKor
N ppaHUyCcKOr TeHKa HekM ra y wanu Hasmeajy u ,Leoclerc”. nak, pagu ce
CaMO O TEXHOMOLLKOM AeMoHcTpaTopy. PpaHuycka u Hemauka cy ce yapyxune
y MPOjekTy OCHOBHOI KOMHeHor 6opbeHor cuctema koju 6u 3aMeHMo TEeHKoBEe
Leopard 2 v Leclerc 2035. roaunHe.
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T-72K (YkpajuHa) — 2018.

-
e - :

T-72K (YkpajuHa) — 2018.

TeHk T-72K npeacraerba yHanpeheHy Bepaujy pyckor T-72. OnpemrbeH je
peakTVBHUM OKIOMHOM ,HOX'. Mogdynu okrnona pasnukyjy ce o cTaHZapAHUX
mogyna EPO (ekcnno3vBHO-peaKTMBHOI OKMona) Tako LWTo ¢y nocebHo
NPOjekToBaHW 3a enuUMUHaLM)y UnNn ymarewne LTeTe Ha CyceHUM MOAYynMMa,
nosehasajyhu cHary u 3awtuty oknona 3a 200 go 300 npoueHaTa npoTuB
BUMWECTPYkux yaapa. MogepHusoBanm T-72K onpemrbeH je 6e36egHum
OUrMTanHMM U caTeNUTCKUM HaBUTaLMOHNM CUCTEMUMA.

Karrar (UpaH) — asaycm 2016.

Karrar (ygapad) OCHOBHM je OOpGEeHM TEeHK Koju je y MOTNyHOCTH
npojekToBana upaHcka WHAOycTpuja Haopyxawa. OBaj TeHK je npsBu nyT
npukasaH jaBHocTn y aerycty 2016. roguHe. Tokom mapta 2017. mpaHCku
MUHWUCTap ofbpaHe OTBOPMO je MPOU3BOAHY NMHWjY HOBOI TeHka Karrar. BojHu
CTpyYHauu HaBoae a je OBaj TEHK 3aCHOBaH Ha COBjeTCKOM TeHKy T-72, anu ca
HoBOM KynorioM. [lpema HaBoauMMa neH3noHucaHor reHepana boratupjesa,
Karrar je, y ctBapu, konuja pyckor TeHka T-90MC, HajHOBuje mogudmkauumje
TeHka T-90, ann ca HeKMM pellewuMa Koja ce Hanase Ha TeHkoBuma M1
Abrams v Challenger 2. Pyckn BoOjHM ekcnepTu NpeTnocTasrbajy aa Karrar inak
He MOXe [a ce HOCcu ca pyckum TeHkom T-90.
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Karrar (Iran) — aseycm 2016.
Leclerc XLR (®paHycka) — jyH 2016.

Leclerc XLR
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Leclerc Scorpion wnn XLR npeactaBba MOOEPHU3OBaHy Bep3ujy
paHuyckor TeHka Leclerc koju je npojektoBana u npoussena dpaHuycka
komnanuja ,Nexter Systems”. MogepHusoBaHu Leclerc umahe Behy BaTpeHy
Moh un Behy 3awTuty. Tokom mapta 2015. roguHe, paHLycka BojHa areHuwmja
3a HabaBky obaBectuna je komnaHujy ,Nexter Systems” o yroBopy 3a
MoaepHusaunjy TeHka Leclerc. OBa HapylbuHa npeacrtaerba Tpehy onepauujy
dpaHUyCKOr MMHUCTapCTBa ofdpaHe Yy OKBUpY nporpama Scorpion kKoju je
HaMerweH MoAepHU3aumjn HOpaHLYyCKMX OpYXaHUX cHara. YroBop y BpedHOCTU
oa 330 munmnoHa eBpa obe3behyje HabaBky 200 yHanpeheHux TeHkoBa Leclerc
n 18 mMogepHM30BaHUX OKIMOMHUX BO3UNa 3a M3Bnadewe Ha Gasn nomeHyTor
TeHka. Uurb oBor nporpama je ogpxaBawe TeHka Leclerc y onepaTUBHO]
ynotpebu y cnyx6u dppaHuycknx opyxaHux cHara go 2040. roguHe. lNpBa gBa
npoTtotMna 6uhe komnnetupaHa Tokom 2018. rogmHe, fok ce 3a octanux 198
BO3WMa 3aBplueTak moAaepHusauuvje npeasuha 3a nepuog op 2020. go 2028.
rogvHe.

MopgepHusoBaHa Bep3uja TeHka Leclerc XLR 3agpxahe UCTO Haopyxawe
Kao 1 Ha cTaHgapgHoj Bepauju: Ton 120 MM gyxuHe 52 kanmnbapa ca rrnaTkom
UeBM ca TepMarHMM OMOTa4YeM W CUCTEMOM KOMMPMMOBAHOr Basfdyxa 3a
nsbaumBarwe peakTMBHMX racoBa. Kynona je omnpemrbeHa ayToMaTCKum
nywademMm Koju ce nyHu ca 22 npojektuna. Hosa Bepsunja TeHka mohu he pga
KOpUCTU ABa OCHOBHa Tuna rpaHaTta 120 MM, kuHeTudke npojektune APFSDS
6panHe og 1790 mM/C 1 BMCOKOEKCNIO3MBHE MPOTUBTEHKOBCKE rpaHate HEAT
6p3anHe og 1100 m/c, ¢ Tm wTo he obe rpaHaTe umaTy NosfycaroprbLUBY Yaypy
ca 4YBPCTMM EeKCMo3nBHUM nyhwerwem. KomnaHuja ,Nexter” Takohe je passuna
HOBM TUN BUCOKoekcnnosueHe rpaHate HE, osHake HE M3M, koja ce moxe
nogecutn 3a edekat BasgylHOr pacnpckasakwa. Mutparbes 12.7 MM je
CNperHyT ca TOMOM, JOK je Ha Kyrmonu MOHTMpaHa [arbMHCKM ynpaerbaHa
CTaHuLua ca MUTparbe3om 7.62 mMmm.

HoBu TeHk Leclerc XLR mogepHM3oBaH je HOBUM OKMOMHMM NakeToM Ha
wacuju 1 Ha kynonu. MNpegwn geo kynone je 3awTtuheH aebenum nacvMBHUM
OKINOMOM, JOK je 3a4HW Kpaj onpemMIbeH peLleTkacTM OKMOMOM pagu 3alTuTe
MOroHCKOr Aena npoTuB AejcTBa pydHMX pakeTHUx Bauava. 3agwu kpaj wacuje
Takofe je 3awTmheH pelweTkactum oknonom. bouHe cTpaHe kynone 3awTuheHe
CYy OOOaTHUM aKTMBHUM U peLueTKacTuM oknonoM. TeHk he umatun macy oo 57
000 kr, ayxuny 0o 9,87m, wnpuHy o 3,71 M 1 BUCKHY 10 2,53 M.

MoroHcka rpyna Hehe ce MewaTwn, Tako Aa octaje ausen motop SACM
V8X-1500 Hyperbar ca cHarom go 1118 kW un aytomatckum mewadem SESM
ESM 500 ca net 6p3vHa 3a BOXkY Hanped u OBe Op3vHe 3a BOXHY yHasaj.
MakcumanHa 6p3vHa Ha nyTy M3Hocu 72 Km/d4, BaH nyTa go 50 km/d, gok je
MakcuMarnHu paguvjyc kpctapehom 6panHom o 615 km.

TeHk Leclerc Scorpion / XLR ©uhe onpeMrbeH enekTpoHckum ypehajuma
OTBOpPEHEe apxXuUTeKType, HOBMM TakTU4KMM pPagvMo-CMCTEMOM, CUCTEMOM
3awTute npotme ABX gejctBa, onpemMom 3a HOhHO ocMaTpake U KOMaHOHUM Y
nHdopmaumoHnm cuctemom. MogepHusoBann Leclerc 6uhe onpemrbeH
oMeTayeM MpOTMB WMMMPOBU3OBAHUX EKCNIO3WBHWX Hanpasa Barage,
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AvjarHocTuukMM ypehajem ca uHepuujanHom u  GPS HaBurauujom, HOBVM
KOMMjyTEPCKUM MHTEpdEjcoM 3a KOMaHaMpa W HULIAHLW)Y U peausajHupaHnm
rmaBHUM KoMmMjyTepuma. HoBM cucteM 3a ynosopaBake Of FacepcKor
o3paumBarkba GALIX wvmahe ymory Mackmpakwa BO3Wna Of facepckor
O3HayaBaa M TepmanHux kamepa. OHOr TpeHyTKa Kaga YeTupu MHCTanupaHa
JeTeKkTopa OTKpWjy FacepcKky MpeTwy Yy BMAY NacepcKkor o3HayaBawa, 24
naHcepa OMMHUX rpaHaTta u3balyjy CBOja BMLLETanacHa AMMHa nykwena y Kpyry
of 360 cteneHun oko Bosuna. Kao n npetxogHa Bep3unja TeHka, Leclerc Scorpion
/ XLR vima cucteMm 3a ynpaerbakbe BaTpOM KOjU YKIbydyje MogynapHy TepmarnHy
ocmaTpayky kamepy, nacepcku garemHomep Thales Optronics (Taunton) HL-58
N XNpocTabunnsoBaHe HULLAHCKE CripaBe 3a KomaHaupa v HuwaHuujy. Mopen
TOora, KOMaHOupy je Ha pacnonarakby W >XUpocTabunusoBaHa naHopamcka
HMLWaHcko-ocMmaTtpadka cnpaBa SAGEM HL 60 kojom MOxe youutn MeTy Ha
aarsmHm 0o 4000 m 1 usBpwnTK naeHtTudukaumjy go 2500 m.

TAM 2IP(ApeenmuHa) — 2015.

TAM 2IP

Cpeamu apreHTuHCKM TeHk Tanque Argentino Mediano (TAM) Hana3u ce y
HaopyXary apreHTUHCKMX opyxXaHux cHara. C o063vMpoM Ha HepgocTaTak
WCKYCTBa, apreHTUHCKO MWHUCTApCTBO oabpaHe MNOBEpUNio je NpojeKToBaH-e
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TeHKa Hemaukoj komnaHuju ,Thyssen-Henschel”. Bo3uno cy 3ajegHo passunu
HEMa4KM M apreHTUHCKM MHXEHEpU Ha OCHOBY Hemaukor 6opbeHor Bosuna
newaauje Marder. Pa3Boj TeHka TAM 2IP usBpwwuna je u3spaencka BojHa
nHaycTtpuja un komnanuja Elbit Systems”. OBaj TeHk, y CylTUHWN, NpeacTaBiba
MoAepHU30BaHy Bep3njy TeHka TAM ca gogaTtHMM OKMOMOM, HOBMM CUCTEMOM
3a KOHTpOMy BaTpe W HOBMM ocMaTtpadkum ypehajuma. banmctudkm npodoun
okrona ,applique” 3HaTHO je edMKacHWjU N OOAATHO LUTUTU KYMosy ca CBMX
CTpaHa, Kao u npeawn n 6oyHe agenose wacuje. NognHe 2015. yroBopeHa je
ucnopyka 74 naka teHka tuna TAM 2IP 3a apreHTUHCKY BOjCKY.

M1A2 SEP V3 u V4 unu M1A2C/D (CAL) — okmobap 2015.

M1A2 Abrams SEP V3

M1A2 Abrams SEP V3 je mogepHusoBaHa Bep3uja OCHoBHor 6opbeHor
TeHka M1A2 SEPV V2 koja je onpemrbeHa HU30M yHanpehewa y obnactuma
npexuBrbaBaka, oapXaBara, ePUKacHOCTU 1 MpexHMX MoryhHocTu. Bepauja
TeHka M1A2 Abrams SEP V3 npBu nyT je npeacraBrbeHa oktobpa 2015.
roguHe, kaja je npousBeaeHO [eBeT NpoTOTMNOBA, OA KOjUX je cedam
npenBufeHo 3a TecTUpaksE.

MaBHO Haopyxawe TeHka M1A2 SEP V3 npefgcrtaBrba Ton rnatke LEBu
120 mm M256. lNopen wera TeHK he wuMatM HUCKONPOMUITHWM AarbUHCKK
ynpaBrbaHu opyxHu cuctem Low Profile (LP) CROW koju ce cactoju of
MOOEepHM30BaHe JHEBHE ocMmaTtpadke Kamepe Koja KOpUCTU TEXHOSOMUjy Crnke y
cnuun pagu KomGuHOBawa BUOHUX nMorba U Hyau mn 3a 340 npoueHaTta Behy
cnuky o noctojehux cuctema ocmatpawa. CekyHOapHO HaopyXawe
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npeacTaBrba koakcujanHu mutparses 7.62 mm M240 ca gecHe cTpaHe Tona u
MUTparbe3 UCTOr Kanubpa Koju je MOHTMpaH Ha NeBOj CTpaHU Kyrnone u yuje je
noctorbe JogaTHo oknornibeHo. Ca obe cTpaHe Kynone Hanase ce Gauauu
ONMHUX rpaHaTa. TeHk M1A2 SEP V3 he kopuctutn MyHuuunjy M829E4, nety
reHepauvjy KMHETMYKMX MPOTUBTEHKOBCKMX MeHeTpatopa. Hosa rpaHata
ynoTpebrbaBa NeHeTpaTtop o4 OCMPOMALLUEHOr ypaHujyma Koju je HaMereH 3a
yHULWITaBawe MeTa 3awTuheHWx HanpegHUm  eCKMNO3MBHO-PeakTUBHUM
OKNOMOM UM aKkTMBHUM cuctemmma 3awTtute. [Opyrm npojektun je AMP -
HanpedHW BULLEHaMEHCKM MPOJeKTUIT ca TPpUM HavuMHa paga: AeToHauujom no
KOHTaKTy, ogroheHoM geTtoHaumjom uUnu BasgylHUMM pacnpckasaweM. Cuctem
Ba3dyLUHOr pacnpckaBaka Moxe O6uTu edmkacaH u y ypbaHoj 6opbu npotus
NPOTUBTEHKOBCKMX TUMOBa HAOPYXaHUX NPOTUBTEHKOBCKMM BONEHUM pakeTama.
[eToHauvje no KOHTaKTy W JAeToHauuje ca opgroheHum paejcTBoM Mory ce
npumMenmnBaTn y bopbama npotme byHkepa, 3rpaga unum npenpeka.

[Ou3ajH TeHka ocTao je WUCTW, anu je OKIOMNHW NakeT YyHyTap Kynone wu
lwacvje HOB paauM mnocTtu3awa Oorbe 3awTuTe NpOTUB WUMMNPOBU3OBAHUX
€KCMNMO3MBHMX Hanpaga.

Pagn 6orbe mobunHoctn TteHk M7T1A2 SEP V3 je onpeMrbeH racHom
TypbuHom Honeywell AGT1500, ann ca CMak€HOM MOTPOLHOM ropuBa
3axBarbyjyhv HOBOM NOMONHOM reHepaTopy Koju omoryhasa nokpeTtamwe Kynone
6e3 nokpeTara rnaeBHe racHe TypobuHe.

TeHK je onpemMrbeH U HOBUM EMNEKTPOHCKUM CUCTEMOM 3a HeyTpanusauujy
MMNPOBU3OBAHMX E€KCNIO3uBHMUX Hanpasa. Takohe, uma u Hosu cuctem IFLIR,
yHanpeheH MHdpalpBeHMM cUCTEMOM 3a uaeHTudukaumjy meta. OBaj cuctem
KOpUCTU MHppaupBeHy TexHoMorujy Ha 6asu gyrmx u cpefhwux Tanaca koja je
yrpafieHa y npMMapHy ocMaTpayKy CnpaBy HULLAHLIMjE N Y HE3ABUCHY TepMarHy
cnpaBy KOMaHZupa ca AMCMIejMMa BUCOKe pes3ornyuuje Koja 3HaTHO monpasiba
BpemMe OTKpuBawa, naeHTudukauunje n Hanaga Ha MeTy y 0OQHOCY Ha nocTojehe
cucTemMme gpyre reHepauuje.

T-14 Armata (Pycuja) — maj 2015.

Tenk T-14 Armata npojektoBana je pycka opbpambeHa komnaHuja
,<Jralvagonzavod”. Pa3Boj TeHka nokpeHyT je 2013, a npsu NpoTOTUN NUCNIOPYYEH
je 2015. roguHe. MNpBKn n3BewwTaju cy npeTnoctaereanu aa he Hosa Armata 6utn
3acHOBaHa Ha PyCKOM OCHOBHOM 6opbeHom TeHky T-95 koju je nog Ha3uBom T-
95 Object 195 npeu nyT npukasaH 1999. rognHe.

TeHk T-14 Armata onpemrbeH je 6ecnocagHOM OarbMHCKU YNpaBIibaHOM
Kyrnosiom, LTO MMa 3a Uuib pas3Boj NOTNyHO poboTu3oBaHor TeHka. OBaj TEHK je
npBu NyT MNpuKa3aH TOKOM BojHe napage y Mocksu nosogom [JaHa nobege 9.
Maja 2015. rogmnHe. lNMpema HaBoguma pyckor MUHUCTaApcTBa opbpaHe, npBa
TecTuparwba TeHka obasrbeHa cy 2014. roguHe. [NpBOGUTHO ce ouekuBana
npoussogha o 2300 Bo3una, anu ce 3a caga uarnega ogycrano of Tor nnaHa.
MpBu TeHkoBckM nyk TamaHcke AumBu3nje 6buhe npBa BojHa jegnHuua koja he
0obuTn HoBe TEHKOBa, LWITO 61 Tpebano ga ce porogm HakoH 2020. roguHe, kapa
TeHK npofe cBa obaBe3Ha TecTUpara.

478




/8%-69%'dd ‘ININJINDI AYV.LITIAN ANY SNOdVYIM NYIAOW / VATHAO VYNIOA | IINVZNHOVYN ONIWTHAYS A DIA0NNA

T-14 Armata
Type 99A (ZTZ99A)
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KuHeckn TeHk ZTZ99A, koju Hocum o3Haky u Type 99A, npoussoau
komnanuja ,China Northern Industries Group Corporation”. Pagn ce o
HajmogepHMjeM OCHOBHOM 6oOpOeHOM TEeHKy KuHecke Bojcke. YwWao je
Haopyxawe HapogHoocnoboannadyke apmuje npeg kpaj 2001. roguvHe kKao
HacrnegHuK TeHka ZTZ99. 3HaTHO je yHanpeheH y nornegy BaTpeHe mohu,
MOBUMHOCTM U 3aWTUTE y OOHOCY Ha CTapuvje KMHEeCKe TEHKOBE KOoju cy bunu
yrnaBHOM Konuje pyckux TeHkoBa. ZTZ99 je nponseeneH 1999. rogmHe y manom
Opojy npumepaka (mawe op 200) 36or BMCOKE LiEeHE OA CKOpO 2 MWUMMOHa
amepuyknx gonapa. Type 99A (99A2 wnu ZTZ-99A) npefncrtasrba yHanpeheHy
Bep3ujy TeHka Type 99. [NpBu npoToTUN OBOT TEHKa TecTupaH je 2007. roguHe, a
npBu NyT je npukasaH centembpa 2015. Ha BojHoj napagu y MNekuHry. Pagu ce o
Tpehoj reHepaLmju ocHOBHOr 60pbeHoOr TeHkKa.

Altay (Typcka) — Hosembap 2012.

—
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Altay (Typcka)

Altay cnapa y Tpehy reHepauujy OCHOBHMX GopOeHux TeHkoBa Koja je
pasBujeHa 3a TypcKy Bojcky. [1lpBe NpoTOTUNOBE HOBOr Typckor TeHka Altay
npojekToBana je n npoussena komnaHuja ,Otokar’, Hajgeha npuBaTHa Typcka
KOMMaHuja Koja nocnyje nog MUHUCTApPCTBOM ofbpaHe, Tokom HoBembGpa 2012
roguHe. Typcka komnaHuja ,Aselsan” ©Guna je 3agyxeHa 3a [Ou3ajH WU
NPOU3BOAHY EEeKTPOHCKMX MOACMCTEMA Kao LITO Cy CUCTEM 3a ynpaBrbake
BatpoMm u C3l cuctem. Tokom anpuna 2018. rognHe objaBreeHo je aa je Typcka
komnaHuja BMC, npounsBohay OKnomnHMX 1 TakTUYKMX BO3WMa Toukalla, gobuna
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YyroBop 3a HacTaBak pa3Boja U NpousBoaHe fomaher oCHOBHOr 6opbeHor TeHka.
Yrosop npeasuha npousBogkwy 250 TeHkoBa Koja 6m ce morra nocTeneHo
npowmputn ykynHo 1000 TeHkoBa. MHore Typcke KOMNaHuje yKIby4yeHe cy y
npoussoghy TeHka Alfay, ykrbydyjyhm komnaHnuje kao wto cy ,Roketsan’,
»Aselsan”, ,Havelsan” n ,Machinery and Chemical Industry Institute” (MKEK).
Mpema pacnonoxuBMMm nogaumma, TeHK Altay 6uhe npousBedeH y Tpu
KoHdurypaumje ca uctum HaopyxamweM. [lpBa cepuja og 40 Bosuna, nopg
o3HakoM T1, Guhe onpemrbeHa aKTUBHMM CUCTEMOM 3alTuTe W AoAaTHUM
okrnonom, gpyra cepuja og 210 jegumHuua npenctasrbahe Bep3njy T2 koja he
nogpasymeBaTV MHora yHanpehewa, Kao LITO Cy: HOBM OKMOM, OABOjeHa U
nu3onosaHa npoctopuja 3a MyHuuMjy, MoryhHoCT rahaka MyHWUUMjOM ca
nacepckum HaoheweM M nocebHMM KamydrnaxHum cuctemom. Bepsuja T3
6uhe onpemrbeHa 6ecnocagHoOM KyrnosiomM U ayTOMaTCKUM MyHayeM.

VT4 / MBT-3000 (Kuta) — jyH 2012.

VT4 /MBT-3000

OcHoBHM 6opbenn TeHk VT4, nnn ekcnopTHa Bep3uja nog Ha3mesom MBT-
3000, npefcTtaBrba HOBY reHepauujy OCHOBHWX OGopOeHux TeHkoBa Kojy je
npojektoBana u npoussena kuHecka komnaHvja NORINCO. Pagu ce o
HajHOBMjO] TEXHOMOrMj1 Koja Tpeba Aa mcnpaTn n3a3oBe BUCOKO- TEXHOMOLLUKOD
pata. OBaj TeHK je NpBM NyT NpukasaH Tokom jyHa 2012. roguHe. HoeroBa ueHa
je 3a Tpyu MunmnoHa Jonapa Hwka of LieHe aMepuyKor puBara, anu je onpemMrbeH
ayTomatckmMm nyhwadeMm. Tokom jaHyapa 2018. rogmHe KparbeBcka Bojcka
TajnaHga cnpoBena je TecTupara TeHka VT4, a 3aTum Kynuna 28 oBux Bo3una
ca moryhHowhy ga HabaBu jow gecer.
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T-90MS (Pycuja) — cenmembap 2011.

T-90MS

TeHk T-90MS npeactaBrba criegehu Kopak y pasBojy PYCKMX OCHOBHMX
6opbeHnx TeHkoBa Tuna T-90. lMpBK nyT je npukasaH Tokom centembpa 2011.
roguHe, a pagu ce 0 NOTNYHOj MoAepHM3aumju TeHka T-90 koja je cnpoBeaeHa
paaun nosehawa onepaTUBHUX CNOCOBHOCTN Ha MoaepHOM Gojuwty. Maca Hose
Bep3auje noeehaHa je 3a 1500 kr y ogHOCY Ha OCHOBHU MogAen, na je gocturna 48
TOHAa, LUTO je 1 Jarbe 3HaTHO Mahe Y OAHOCY Ha HEMayke 1 amepuyKke TEHKOBE.

Leopard 2A7 (Hemayka) — jyH 2010.

Leopard 2A7 npBu nyT je npukasaH jaBHocTu TokoM 2010. roguHe, a
npousBena ra je Hemadyka komnaHuja ,Krauss-Maffei Wegmann”. OBaj TeHk
OnpemMrbeH je A0AAaTHMM KOMMO3UTHMM OKITOMOM KOju MpeacTaBiba HajHOBUjY
reHepauuvjy nacvmBHOr Oknomna koja omoryhyje Behy 3awTuTy y ofHOCy Ha
pasnuunTe TUNoBe NPOTUBTEHKOBCKE MyHWUMje. 10 HEKMM HaBoaMMa pagu ce o
HOBMM HaHOKEpPaMMYKUM MaTepujanuma M MOLEPHWUM rerypama of venuika u
TuTaHnjyma. OBaj TeHK onpemrbeH je Tonom komnaHuje,Rheinmetall’og 120 mm.
To je uctn TOM KOjU Ce KOPUCTM Ha Bep3uju TeHka Leopard 2A6, ann ce
pasnukyje o OCHOBHe Bep3vje no Behoj MpeuM3HOCTU U OyXeM [OOMeTy.
MopepHusauumja npeux 50 TeHkoBa Leopard 2 y HoBy Bep3wjy Leopard 2A7
noyena je Tokom 2012. rogmHe. HoBa Bepanja Ma MogynapHu oknon, nosehany
MOKPETILUBOCT U MPELN3HUjE HaopyXaHe.

482




© Army Recognition https://www.ArmyRecognition.com
K2 Black Panther
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TeHk K2 Black Panther npeactaBrba HOBY reHepavmjy oCHOBHor 6op6eHor
TEHKa KOju je npojekToBana v npousBena jy>xxHokopejcka komnaHuja ,Hyundai
Rotem”. OBaj TeHk npBu NyT je npukasaH y Ceyny Tokom oktobpa 2009. roguHe,
a npeasuheHo je aa he sameHUTU cTape amepudke TeHkoBe M48 Patfon. Tokom
2014. rognHe Bnaga JyxHe Kopeje notnucana je yroBop ca KOMMaHWjOM
»Hyundai Rotem” o ncnopyuu 100 teHkoBa Tvna K2 3a notpebe apmuje JyxHe
Kopeje. Tokom geuembpa 2015. roanHe NOTNUCaH je HOBM YroBOpP O UCMOPYUU
JopaTHor 6poja TeHkoBa oBoOr Tuna, ann 6e3 HaBofewa npeumsHux umdapa.
Apmuja JyxHe Kopeje nma notpebe 3a oko 600 TeHkoBa Tuna K2, koju 6u
3ajeHo ca TeHkoBMMa Tuna K1 YMHUNM jesrpo OKomnHMX cHara oBe ApXaBe.

'MaBHO Haopyxake OBOr TeHKa je Ton Hemadke komnaHuje ,Rheinmetall”
oa 120 MM, anu ca ayTOMaTCKMM MyHadyeM KOju MOXE NYHUTU Ton U JOK je
BO3Wno y nokpeTy. OBaj Ton uma 6p3nHy narbbe go 10 rpaHata y MUHYTW.
Koakcujaniu mutparbes 7.62 MM NocTaBIbeH je ca fieBe CTpaHe Tona, a TeLKK
MuTparbes 12.7 MM Ha rops0j eCHOj CTpaHu Kynone.

Oknon Ha TeHky K2 cacToju ce of KOMMO3WTHOr OKMona Heno3HaTor Tuna u
aKTUBHOI CUCTEMa 3alTUTE KOju KOPUCTU EKCMIO3MBHO-PEaKTUBHE MIiove.
Cuctem 3awTnte cacTtoju ce o4 pagapa Koju pagu y MUNMMeTapCcKOM TanacHOM
pexuMmy. Ha ocHoBy nogataka ca papgapa, TEeHKOBCKM KOMMjyTep Moxe
M3BPLLIMTU TpuaHrynauujy Hagonasehux mnpojektuna, yno3opuTu nocagy Mu
ncnanuTu SQUMHe rpaHaTte 3a NpPUKpuBake ONTUYKE, UH(PpaLUpBEHe U pagapcke
cnuke. Victn pagap kopuctuhe ce 1 3a ucnarbmMBake eKCrnio3nBHUX GrIOKOBa Ha
Hagonasehe npojektune. MunumeTtapcku pagap CrnperHyT ca CUCTEMOM 3a
ynpaerbate BaTPOM MMa jow jedHY MHTEepecaHTHY (byHKUMjy: C 0BG3upom Ha
XMAPOMHEYMaTCKM CUCTEM amMopTu3auuje TeHKa, TEHKOBCKM Ton MoXxe Outu
MOAMUIHYT NOoA YrAoM CIUYHUM Yriy MMHOOauaya u ucnarbmMeaTtu nporpamupaHe
€KCMOo3MBHE rpaHaTe Ha LUIbeBe YOUEeHe NMOMEHYTMM pagapom [0 farbuHe 8
KunomeTapa.

TeHk K2 je npetxogHo 6vo onpemrbeH HemaykuMm gmsen arperatom MT
833, OOk HoBe Bep3vje UMajy UCTM MOTOP KOjU ce caga npousBoau Mof
nuueHuom y JyxHoj Kopeju u koju je ynapeH ca ayToMaTtCKuM Meh,avyem
komnaHuje ,Renk”.

lMocebGHy opnMKy OBOr TEeHKa npeAcTaBiba jeAWHCTBEHM CUCTEM
amopTusaumje nog HasmeoM In-arm Suspension Unit (ISU), wto omoryhasa ga
Ce TEeHK ynoTpeboM MOroHCKOr CMCTEMa MCKOCK MOA BMCOKUM YrMOBUMA Hagone
N Harope M raha BMCOKO M HUCKO MOCTaBIbeHe uurbeBe. 3axBarbyjyhn oBOM
CUCTEMY TEHK MOXeE Aa ,JydvHe”, ,ceqHe” unu ga ce ,HarHe”, Tako ga Tom MOXe
Aa raha ca enesauuvjom unu genpecujom go + —10 ctenenu.
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Merkava IV Barak — 2004, u Merkava IV M Windbreaker (U3paen) —
2009.

Merkava IV Barak

Merkava |V Barak npepncrtaBrba HajHOBWjy Bep3uvjy TEHKOBaA M3 nopoauue
Merkava koju ce Hanase y npounssoawu o 2004. rognHe. 3a oBaj TEHK Ce Kaxe
4a je NpBU KOju MMa HanpegHW CUCTEM BelUTayke WHTenureHuuje u cuctem
CceH3opa Koju npeysuma BehuHy nocrnosa Hagrnegawa nogcuctema. To je npsu
MOOEPHM TEHK KOju HEmMa OTBOP Ha Kynonu 3a nyHuoua 360r onacHocTu of
npobujarba KpoBa Kynore of NpOTUBTEHKOBCKMX BoheHux npojektuna. OBaj TEHK
noceayje mapaerncku cuctem TSAWS (Tracks, Springs, and Wheels System)
ryceHmua koju je npeasuheH 3a ynotpeby no G6asanTHuMm cTteHama JlmbaHa u
onaHcke BucopaBHWU. TeHK Merkava IV wma HOBM cUCTEM 3a ynpaBIbake
BaTpom EI-Op Knight Mark 4 koju 3axBaTa 1 3akiby4yaBa NOKpETHe MeTe, Na Yak
N XenukonTepe AOK je TeHK y nokpeTty. OBaj cUCTEM yKrbydyje cTabunusauujy y
OBe paBHW, AOpyry reHepauuwjy TeneBmM3MjcKOr OcCMaTpadvkor cucrtema u
ayToMaTCKOr TepmarnHor Tparada, Jfacepcku [JarbuHomep, YyHanpeheHu
TepMarnHy HORHW cuCTeM WM AMHAMUYKM MHOMKATOp yrrosa. Jlacepcku cuctem
yno3opaBawa Amcoram LWS-2 ynosopaBa nocagy Ha npeThe of Nacepcku
BONEHMX NPOTUBTEHKOBCKNX pakeTa HaKkoH yera je moryhe ncnarsvawe AUMHUX
rpaHata. TeHK je, Takohe, onpemMrbeH W CUCTEMOM 3a YynosopaBake o[
€reKTPOMarHeTCKor 3payera, OAHOCHO pPafapCcKor OCBETI/baBaka. TeHK je
ONMpPeMIbeH LIEHTPanM30BaHMM CUCTEMOM Elbit Systems BMS (Battle
Management System) koju gobuja nogaTke og Apyrnx Bo3ura n 6ecnuoTHUX
netenuua Koje ce Hamase y OnmMsavHM M npukasyje nogaTke Ha gucnnejuma y
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Goju, a Moxe ux garbe npocrnefuBatv Apyrum BO3WNUMa W jeauHULAMA
onpeMrbeHnm nctTum cnctemom BMS.

Merkava IV M Windbreaker
= - b 0 RG]

g gl

Merkava IV M Windbreaker

Merkava IV M Windbreaker je TeHk Tuna Merkava Mark |V onpemrbeH
aKTMBHMM cuctemom 3awTtuTte Trophy. Cepujcka npou3Bogsa OBUX TEHKOBA
3anoyena je 2009. NognHe, a npBa Opuraga onpemMrbeHa OBMM TEHKOBUMA
¢dopmupaHa je 2011. rogmHe. OBM TEHKOBM Cy YycnewHo TectupaHu 2014,
roauHe NpunNMKoM cykoba ca opraHusaumjom Hamas. No HaBoguma M3paenaua,
HMjegaH TEeHK OMNPEMIbEH CUCTEMOM aKTMBHE 3aluTUTe Huje MNOrofeH HUTU
owTeheH pakeTHUM py4yHUM BOalavmMmMa HUTU NPOTUBTEHKOBCKMM pakeTama Tmna
9M133 Kornet 3a Bpeme onepauuije ,Protective Edge” koja je cnposeaeHa 2014.
rogmHe. Cuctem ynosopaBa TEHKOBCKY Mocagy W O Nokauuju ca koje cy pakeTa
UNu NpojekTun ucnarseHn. CUcTem akTMBHe 3aliTUTE Takohe warbe KoopauHate
MecTa McnarbMBama paketa u ApYrM jeavHuLaMa y OKpyXeky npeko cuctema
3a ynpaBrbatbe bojuwtem Tzayad.
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Type 10 (JanaH) — cpebpyap 2006.
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Type 10

JanaHckn TeHk Type 10 je HanpegHa Bep3vja 4YeTBpTE reHepauuje
OCHOBHUX 6o0pb6eHNX TEHKOBA KOj1 je npou3Bena janaHcka komnaHuja ,Mitsubishi
Heavy Industries” 3a notpebe janaHckux kONHeHUX ogbpambeHnx cHara. Pa3Boj
oBoOr TeHka 3anodyeT je 2002. roguMHe pagu 3ameHe ctapor TeHka Type 74 koju
ce Hamnasu y ynotpebu y janaHckum oabpambeHnm cHarama og 1991. roguHe.
MpoTtoTun oBor TeHka 3aBpLueH je 2006. roguHe, a weros pa3soj 2009. roguHe.
MpousBoawa je 3anoyena 2010. rogvHe, kaga je mcnopyveHo u npeBux 13
BO3una.

Hpaeax M. Byukosuh (Dragan M. Vuckovi¢),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: ' http://orcid.org/0000-0003-1620-5601
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Mo3nB N YTIYTCTBO AYTOPUMA
NPUMALLEHWE N MHCTPYKUWA 1A ABTOPOB PABOT
CALL FOR PAPERS AND INSTRUCTIONS FOR AUTHORS

Nno3uB U YNYTCTBO AYTOPUMA O HAYMHY NPUNPEME YJTAHKA

YnyTCcTBO aytopuma O HayvHy npunpeMe 4naHka 3a objaBrbuBarke Y
BojHomexHu4ykom enacHuky ypaheHo je Ha ocHoBy AkTa O ypehuBawy HayyHUX
yaconuca, MwuHuMCTapcTBa 3a Hayky W TexHonowku passoj Penybnuke Cpbuje,
eBuaeHumMoHn 6poj 110-00-17/2009-01, og 09. 07. 2009. roguHe. MNpumeHa osor AkTa
NPBEHCTBEHO CNyXM yHanpefewy kBanuteta gomahmnx yaconuca n HUXOBOTr NOTNyHWjer
yKIbyunBamwa y MeflyHapogHu cuctem pasmeHe HayvyHux nHdopmaumja. 3acHOBaHoO je Ha
mehyHapogHum ctangapamma ISO 4, 1ISO 8, I1ISO 18, ISO 215, 1ISO 214, 1ISO 18, 1ISO 690,
ISO 690-2, 1ISO 999 1 ISO 5122, ogHocHo ogroeapajyhum gomahvum ctaHgapavma.

BojHoTtexHuuku rnacHuk / Vojnotehnicki glasnik / Military Technical Courier
(BTr.mo.ynp.cp6, www.vtg.mod.gov.rs, ISSN 0042-8469 — wrtamnaHo unsgawe, e-ISSN
2217-4753 - online, UDC 623+355/359, DOI: 10.5937/VojnotehnickiGlasnik;
https://doi.org/10.5937/VojnotehnickiGlasnik), jecte mMynTUOUCUMNMHAPHU  HaYYHU
yaconuc MuHuctapcTtBa on6paHe Peny6nvke Cpbuje, koju objaBrbyje Hay4yHe 1 CTpyyHe
ynaHKe, Kao W TEeXHUYKe WHOopMmauMje O CaBpPEMEHWM CUCTEMUMA Haopyxaka W
caBpeMeHMM BOjHMM TexHomnorvjama. Yaconuc npaTtv jeauHCTBEHY WHTEPBWUOOBCKY
TEXHWYKY NoApLUKY Bojcke Ha npuHUMNY NOrMCTUYKE CUCTEMCKE MoApLuKe, obnacTu
OCHOBHWX, MPUMEHEHUX U Pa3BOjHUX WUCTPaxuBaka, Kao M MPOU3BOAHKY W ynoTpeby
cpeAcTaBa Haopyxara W BOjHE onpemMe, Te ocTana Teopujcka U npakTuyHa gocturHyha
KOja OonpuHOCe ycaBpluaBaky CBMX MpunagHuka cpricke, pernoHanHe u mehyHapogHe
akagemcke 3ajegHuue, a nocebHo npunagHuka MuHnctapctea ogopaHe n Bojcke Cpbuje.

MuvHUcTapcTBO NpOCBETE, Hayke W TexHonowkor passoja Penybnuke Cpbuje,
carnacHo oanyum u3 unaHa 27. ctaB 1. Tauka 4), a No npubGaBrbLEHOM MULLIbEHY U3
ynaHa 25. ctaB 1. Tauka 5) 3akoHa 0 HayyHouCTpaxuBaykoj aenatHocTu (,Cryxb6eHu
rmacvuk PC”, 6p. 110/05, 50/06-ucnp. n 18/10), yTBpauno je karteropusauujy
BojHoTexHu4kor rnacHuka, 3a 2018. roguHy:

3a 06nacT TeXHOMOLLKM pa3Bo;j:

— Ha NMCTU Yaconuca 3a Matepujane u xemmjcke TexHornoruje:

kaTeropuja Bogehu Hay4yHu Yaconuc HaumoHanHor 3Ha4vaja (M51),

— Ha NIMCTK Yaconuca 3a MalIMHCTBO:

KaTeropuvja Hay4YHu Yaconuc HaumoHanHor 3Ha4vaja (M52),

— Ha NUCTU Yaconuca 3a efieKTPOHUKY, TerneKkoMyHuKkaumje n nHcopmaumoHe
TexHonoruje:

kaTeropuja Hay4Hu yaconuc (M53),

3a 0brnact OCHOBHa UCTPaxuBaHa:

— Ha NMCTU Yaconuca 3a MaTeMaTuKy, padyyHapcKke Hayke U MeXaHUKY:

KaTeropwuja Hay4Hu Yaconuc (M53).

YcBojeHe nucte gomahux yaconmca 3a 2018. rogMHy mory ce BMAETU Ha cajTy
BojHoTexHuukor rmacHuka, cTpaHuua Kameeopusayuja udaconuca (MwuHucTapcTBO

npoceeTe, Hayke M TexHonowkor paseoja Penybnuke Cpbuje jow yBek Huje 06jaBuno
3BaHWYHY KaTeropusauumjy Hay4yHux Yaconuca 3a 2019. roguny).

HeTtarsHuje nHopmauuje mory ce npoHahu u Ha cajty MuHucTapcTBa npocseTe,
Hayke 1 TexHornoLlkor pa3soja Penybnuke Cpbuje.
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Mopaum o kateropusaumjym mory ce npatutu u Ha cajty KOBCOH-a (KoH3opuujym
6ubnunoteka Cpbuje 3a objeanHeHy HabaBky).

KaTteropusauuja yaconuca usspLueHa je npema MpaBUnHMKy O NOCTYMKY U HaYUMHy
BpedHOBaka W KBAHTUTATMBHOM UWCKa3vBaky HAy4YHOMCTpaXMBaukMx pesynrata
ncTpaxusaya, Koju je nponumcao HaumoHanHM caBeT 3a Hay4YHU M TEXHONOLWKU pPasBoj
(Cnyx6enu rmacHuk PC, 6poj 38/2008).

Y cknagy ca OBMM npaBuSIHUKOM W Tabenom O BpPCTM W KBaHTUdMKauUuju
VMHAMBUAYaNHMX Hay4YHOMCTpaxuBaYkmux pesyntata (y cactasy [NpaBunHuka), objaBrbeHn
pag y BojHoTexHuMukom rnacHuky BpefHyje ce ca 2 6opa (kateropuja M51), 1,5 6og
(kaTeropuja M52) n 1 6og (kaTteropuja M53).

Yaconuc ce npatu y koHTekcTy Cpnckor uutatHor mHgekca — CLMHaekc (6asa
nogartaka gomahmx HayvyHuX yaconmca) u Pyckor nHagekca HaydHor uutmpawa (PUHL).
MoaBprHyT je cranHom BpedHOBawy (MOHUTOPWHIY) Y 3aBMCHOCTM Of YTWLAjHOCTM
(vmnakta) y camum 6asama u, nocpepHo, y mehyHapogHum (Clarivate Analytics)
uMTaTHUM  uHAaekcuma. [letarbM O  UMHAEKCUpawy MOry ce BMAETM Ha  cajTy
BojHoTexHW4YKOr rnacHvka, cTpaHuua MHoekcupare Jacornuca.

BojHoTexHuMukn rmacHuk omoryhaea wu  npumenyje Creative Commons
(CC BY) ogpenbe o aytopckum npasuma. [etarbM O ayTOpCKMM MpasBuma Mory ce
BUAETW Ha cajTy Yaconuca, cTpaHuua Aymopcka npasa u rnonumuka camoapxusuparba.

PagoBn ce npepajy nyTeM OHMNajH cucTeMa 3a eneKkTpoHCKO ypehuBawe
ACUCTEHT, koju je pa3suo LieHTap 3a eBanyauujy y obpasoBamy u Hayum (LLEOH).

Mpuctyn n peructpaumja 3a cepBuC BpLUE Ce Ha cajTy www.vig.mod.gov.rs, npeko
ctpaHuue ACUCTEHT wiwm  CUMHOEKC, o0QHOCHO  OWPEKTHO  Ha  JIMHKY
aseestant.ceon.rs/index.php/vtg.

[etarbHO ynyTCTBO O perncrpauujn 1M npujaBn 3a CEepBUC Hamnasu ce Ha cajty
www.vtg.mod.gov.rs, cTpanvua Ynymcmeo 3a e-Yp: EnekmpoHcko ypehusare —
ACUCTEHT.

MoTpebHO je Oa ce cBM ayTopu Koju MOOHOCE pyKonNMC 3a objaBrbuBare Y
BojHoTexHuukoM rnacHuky peructpyjy y peructap ORCID (Open Researcher and Contributor
ID), npema ynyTcTBY Ha CTpaHuMuM cajta Peaucmpauyuja 3a 0Oobujare ORCID
udeHmucgbukaluUoHe wugpe.

BojHOTeXHMYKM rnacHuK oGjaBrbyje YnaHKe Ha CPriCKOM, PYCKOM W €HINECKOM je3nKy
(arial, cpncka hupunuua unm cpncka naTmHuua, BenvuuHa cnosa 11 pt, npopea Single).

Moctynak npunpeme, nucara n ypehueaksa unaHka Tpeba ga 6yae y carmacHocTu ca
Usjasom o0 emuykom rnocmynarsy (http://www.vtg.mod.gov.rs/izjava-o-etickom-postupanju.html).

UnaHak Tpeba ga cagpxu caxeTak ca KibyYHUM peunma, YBOA, paspajy, 3aKkibyyak,
nuTepaTypy 1 pes3umMea ca Kiby4HUM peyrma Ha EHINECKOM U PYCKOM je3nky (b6e3 Hymepauuje
Hacrnosa M nogHacnosa). Obum unaHka Tpeba ga Gyae oko jegHor aytopckor Tabaka (16
cTpaHuua copmata A4 ca npopeaom Single), a HajsuLe 24 cTpaHuLe.

Unanak Tpeba pa Oyde HamucaH Ha obpacuy 3a nucawe unaHka, Koju ce 'y
€eeKTPOHCKOj hopMmM MOXe Mpey3eTu ca cajTa Ha cTpaHvum Obpa3say 3a nucarbe YnaHka.

Hacnos

Hacnos Tpe6a ga ogpaxkaBa TeMy 4YnaHka. Y UHTepecy je yaconuca v aytopa aa ce
KOPWUCTE peyun NpuKnagHe 3a MHOeKcUpare U npeTpaxuBakbe. AKO TakBUX pevn Hema y
HacroBy, MOXerbHO je Aa ce npuaoaa v nogHacnos. Hacnos TpeGa fa 6yae npeseaeH u
Ha eHrneckn 1 pycKu jesuk.

OBwW HacnoBwm UCNKCYjy ce Ucnpea caxeTka Ha ogrosapajyhem jesnky.
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Tekyhu HacnoB

Tekyhn Hacnoe ce uMCnMCyje ca CTpaHe CBake CTpPaHWUe unaHka pagu nakwe
naeHTudukaumje, NocebHO Konumja YnaHaka y enekTpoHckom obnuky. Cagpxu npesvme u
MHUUMjan MMeHa ayTopa (ako ayTtopa Mma Bulle, NpeocTtanu ce o3Hadyaeajy ca ,et al.”
unu 1 ap.“), Hacnoee paga v Yaconuca u konauujy (rognHa, BONyMeH, CBECKa, NoveTHa
1 3aBplLUHa cTpaHuua). Hacnosu yaconuca v YnaHka mMory ce gatu y ckpaheHom obnuky.

Ume ayTopa

Hasogu ce nyHo nme u npesnme (cBux) aytopa. Beoma je noxersHO Aa ce HaBeay
1 cpedwa crnosa aytopa. MimeHa n npesvmeHa gomahux aytopa yBek ce UCMUCYjy Y
OopurMHanHom obnuky (ca CpnckMM AnjakpUTUYKMM 3HAKOBMMA), HE3aBUCHO Of je3nka Ha
KOjeM je HanucaH pag.

Has3uB ycTaHoBe aytopa (achmnujaumja)

HaBogu ce nyH (3BaHW4HM) HA3MB M CeauLUTe YCTaHOBE Yy KOjoj je ayTop 3anocreH, a
€BEHTYarnHo M Ha3uWB YCTaHOBE Yy KOjOj je ayTop 00aBMO WCTpaxuBame. Y CIOXEHUM
opraHu3auMjama HaBoaM ce YKyrHa xujepapxwuja (Hnp. YHuBepauTeT oabpaHe y beorpagy,
BojHa akapewmuvja, Kategpa npupogHo-matemaTuykux Hayka). bap jegHa opranmsauuvja y
xXvjepapxvju Mopa 6uUTM MpaBHO NMue. AKO ayTopa UMa BWLIE, a HEeKU MOTUYYy K3 UcTe
yCcTaHoBe, Mopa ce, NocebHMM O3HakaMa WNM Ha OpYrM HauuH, Ha3HauiTh U3 Koje of
HaBedeHMX yCTaHOBa MOTM4Ye CBakM oOf HaBedeHux aytopa. Adwunujaumja ce ucnucyje
HernocpeaHO HakoH MMeHa ayTopa. PyHKLUMja 1 3Bare ayTopa Ce He HaBozde.

KoHTakT nogauu
Anpeca unu e-agpeca CBUX ayTopa aje ce nopea MMeHa u npes3mmeHa aytopa.

KaTteropuja (Tun) unaHka

KaTteropusauuja unaHaka obasesa je ypegHuTBa M Of MOCeGHE je BaXKHOCTM.
KaTteropujy unaHka mory npegnaratm peueH3eHTM W YfaHOBU YpedHWLTBA, OOHOCHO
ypeaHuum pybpuka, anu OArOBOPHOCT 3a KaTeropvsauujy CHOCU WCKIbYYMBO [faBHU
YPEeaHuK.

UnaHum y BojHOmexHU4YKOM eracHuKy Knacudukyjy cCe Ha HayydHe W CTpy4He
YnaHke.

HayuHn unaHak je:

— opurMHanaH HayyHu pag (pag y kojeM ce U3HOCE MpeTxoOHO HeobjaBrbeHu
pesyntaTi CONCTBEHWNX UCTPaXuBama Hay4HNUM METOAOM);

— npernegHu pag (pag Koju cagpXuv opwuruHanad, geTarbaH M KpUTUYKWM NpurKas
ucTpaxusaykor npobnemMa wnu nogpyyja y kojem je aytop ocTBapuo ogpeheHu
OONPYHOC, BUAMLMB Ha OCHOBY ayTouuTara);

— KpaTKO MNN MPeTXO4HO caomniTerwe (OpUrMHanHW HayyHu pag nyHor dopmara,
anu mawer obuma 1nm NpenUMMUHapHOr KapakTepa);

— Hay4Ha KpuTuKa, OOHOCHO nonemuka (pacnpasBa Ha ogpefieHy HayyHy Tewmy,
3aCHOBaHa MCKIbYYMBO Ha Hay4yHOj aprymeHTaumju) u oCBpTy.

M3y3eTHO, y Hekum obnactma, HayyHu paf Yy 4Yacomucy Moxe uMaTtn obnuk
MoHorpadcke CTyauvje, kao W KpUTUYKOT u3gawa HayyHe rpahe (MCcTopujcko-apXmBeke,
nekcukorpadcke, ubnuorpadbcke, npernega nogataka WM Cn.), OOTad HemosHaTe Miu
HEe[0BOSbHO NPUCTYNaYHe 3a Hay4YHa UCTPaXKMBaHa.

PapoBu knacudukoBaHu Kao Hay4HU Mopajy umaTu 6ap ABe NO3NTUBHE peLieHsnje.
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Ako ce y yaconucy objaBrbyjy 1 Npunosn BaHHay4YHOr KapakTepa, Hay4yHW YnaHum
Tpeba aa Oyay rpynmMcaHun u jacHo M3LBOjEHN y MPBOM Aeny CBECKE.

CTpy4HM YnaHak je:

— CTpyYHM paf (npurnor y KojeM ce HyAe WCKYCTBa KopucHa 3a yHanpehewe
npodecroHanHe npakce, anu Koja HUCY HYXXHO 3acHOBaHa Ha Hay4YHOM MeToaY);

— MHpOpPMaTUBHM Npunor (YBOAHWUK, KOMEHTap U cn.);
— NpuKa3s (Kkbure, padyHapckor nporpama, crny4aja, HayvHor gorahaja, u crn.).

Je3suk paga
Jesvnk paga Moxe GUTU CPMCKU, PYCKU UMW EHFNECKM.

TekcT Mopa BUTK je3anyku U CTUIICKM JOTepaH, cucTematusoBaH, 6e3 ckpaheHuua
(ocum cTaHpapaHvx). Ce u3nyke BenuurHe mMopajy 6utu napaxere y MehyHapogHom
cuctemy MepHux jeamnuua — Sl. Pegocnen o6pasaua (hopmyna) o3HavaBa ce pefHuM
6pojeBrMa, ca AecHe CTpaHe Yy OKpyrmuM 3arpajamMa.

CaxeTak (ancTpakT) u pesume

CaxeTak (ancTpakT) jecte kpaTak vHopmaTMBaH MpuKas cagpxaja dnaHka Koju
yuTaouy omoryhaBa ga 6p30 M TayHO OLEHW H-EroBY PerneBaHTHOCT. Y WHTepecy je
ypedHuwTaBa M aytopa Aa CaXeTak CafpXu TepMUHE KOoju ce 4YecTo KopucTe 3a
MHOEeKcupare 1 npeTtpary ynaHaka. CacTaBHM OenoBU CaXeTka Cy LMIb UCTpaxuBama,
MeToaM, pe3ynTaTtu u 3akibydak. CaxeTak Tpeba ga nma og 100 go 250 peun n Tpeba ga
ce Hanasu u3amely 3arnaerba (HacrnoB, MMeHa ayTopa W Op.) U KIbyYHWX pPeyun, HaKoH
KOjuX cneam TeKCT YnaHka. Ako je pag HanmMcaH Ha CPrcKOM UM PYCKOM je3UKy, NOXerbHO
je Aa ce, nopepn caxeTka Ha CPrCKOM M PYCKOM, Aaje 1 CaxeTak y npoLmMpeHoM obnuky
Ha EeHITIecKoM je3nKy — Kao T3B. pe3nmMe (summary). OBakaB pe3ume Tpeba ga byae Ha
Kpajy 4naHka, HakoH ogereka Jlutepatypa. BaxHo je ga pesume 6yae y CTpyKTypvpaHoM
06nuky, a herosa ayxunHa moxe 6utn go 1/10 gyxmHe unaHka (ONWKUPHUjK je of, caxeTka
ca noyeTka unaHka). lNoyeTtak oBOr peammea Moxe 6UTU NpeBedeHN caxeTak (ca noveTka
ynaHka), a 3aTum Tpeba Aa crnege npeBedeHW rMaBHWM HACNoBW, NMOAHACIIOBU U OCHOBE
3aKkrbyyka unaHka (nutepartypa ce He npesogm). MoTpebHo je Aa ce y CTPYKTypMpaHOM
pesumey npesBefe M 4e0 TeKCTa UCnof Hacrnosa u nogHacnosa, Boaehu padvyHa ga oH
6yAe nponopuuoHanaH HhUX0BOj BEMMYMHK, @ Aa ogpaxasa CyLUTUHY. HakoH peavmea Ha
€HIMeckoM je3nKy (NpoLuMpeHor caxeTka) AoAaje ce Heros NpeBod Ha cprnckom, ga bu
peAakuuja nsspLunna NpoBepy 1 NexTypy.

KrbyuHe peun

KrbyyHe peun cy TepMuHUM Mnn ppase Koje agekBaTHO MNpeAcTaBibajy cagpxaj
YnaHka 3a notpebe nHaekcnpama u npeTpaxusara. Tpeba nx gogersneaTti ocnarwajyhu
ce Ha Hekn MeflyHapogHu wu3Bop (MOMWUC, PeYHUK WM Te3aypyc) Koju je Hajwuvpe
npuxsaheH wnn yHyTap gate HayyHe obnactu. 3a Hnp. Hayky yonwTe, TO je nucTa
krby4Hux peun Web of Science. Bpoj kibyuHux peun He moxe 6wt Behn og 10, a y
MHTEpecy je ypeOHULITBA M ayTopa Aa y4ecTanocT wuxoBe ynotpebe Oyge wrto Beha.
KrbyyHe peun Aajy ce Ha je3uKy Ha KOjeM je HanmcaH uynaHak (CaxkeTak) U Ha eHrneckom
jesuky. Y unaHky ce nuily HenocpeaHO HaKoH caXkeTka, OAHOCHO HaKoH peanmea.

Cnctem ACUCTEHT y Ty cBpxy kKopuctu cneuujanHy anatky KWASS: aytomartcko
eKCTpaxoBake KIbyYHUX peyn M3 AUCUMNAMHapHUX Tesaypyca/peyHuka no usbopy u
pyTuHe 3a HUXOB opabup, Tj. nNpuxsBaTawe OOHOCHO oabauvBake Of CTpaHe ayTopa
n/vunu ypeaHuka.
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ﬂaTyM npuxeaTtamba YnaHkKa

[JaTtym Kafa je ypeOHWLITBO NPUMWUIIO YnaHak, AaTyM Kafa je ypeOHWULITBO KOHa4Ho
NpUXBaTWMO uYnaHak 3a objaBrbMBare, kKao U AaTymu kaja cy y MehyBpemeHy
[lOCTaBIbeHe eBEHTyarlHe UCMpaBKe pPyKONuca HaBogde Ce XPOHOMOLLKUM pefocrenom, Ha
cTasfiHoM MecCTy, Mo NpaBuIy Ha Kpajy YnaHka.

3axBanHuua

Hasue n 6poj npojekTa, 04HOCHO Ha3MB Nporpama y OKBMPY KOjer je YraHak HacTao,
Kao U Ha3uB MHCTUTYLUMje Koja je puHaHCMpana npojekaT unu nporpam, HaBogou ce y
noce6HOj HANOMEHW Ha CTanHOM MeCTY, Mo NpaBuny Npu gHY NpBe CTpaHe YnaHka.

MpeTxoaHe Bep3uje paga

AKO je unaHak y npeTxodHoj Bep3uju 61O M3NOXeH Ha CKymy y Buay YCMeHor
caonwTewa (Mo4 MCTUM UMW CRUMYHUMM HAcMOBOM), nogatak o Tome Tpeba ga Gyae
HaBedeH y nocebHoj HamomeHW, NO NpaBuny Npu OHy NpBe cTpaHe YnaHka. Pag koju je
Beh objaBrbeH y HeKOM 4aconucy He Moxe ce 006jaBuTu y BOjHOTEXHUYKOM rmacHuKy
(npewTamnaT), HX NOA CAMYHMM HacnoBOM U 3MEHEHOM OBIMKY.

TabenapHu u rpachnyku npukasm

MoxersHo je Aa HacnoBwu CBUX Npukasa, a no MoryhcTBy M TeKCTyanHW cagpxaj,
Oyay Aatv ABOje3NYHO, Ha je3nKy pada M Ha eHrMeCcKOM je3uKy.

Tabene ce nuLy Ha NUCTU HAYMH Kao M TEKCT, a O3Ha4yaBajy ce pedHum GpojeBuma
ca ropwe cTpaHe. PoTtorpaduje 1 LpTexmn Tpeba ga byay jacHu, npernegHy 1 NOrogHN 3a
penpoaykuujy. Liptexe Tpeba pagutu y nporpamy word unu corel. ®otorpadmje u
upTexe Tpeba NOCTaBUTU Ha XerbeHO MEeCTO Y TEKCTY.

3a cnvke ¥ rpadnkoHe He CMe Ce KOPUCTUTM CHUMaK ca eKkpaHa padyHapa
nporpamMa 3a npuKynrbare nogaraka. ¥ camom TeKCTy YnaHKka npenopydyje ce ynotpeba
cnuvKa n rpadmkoHa HenocpedHo U3 nporpama 3a aHanuay nogaTaka (kao wTo cy Excel,
Matlab, Origin, SigmaPlot n gpyru).

HaBohewe (uMTupame) y Tekcty

HaunH nosmBaka Ha M3BOpe Y OKBUPY YriaHka mopa 6utun jegHoobpasaH.

BojHoTexHMYkM rnacHuK 3a pedepeHumpatbe (LMTupawe U HaBohewe nutepartype)
npumeryje XapBapAcku cuctem pedepeHLumn, 0AHOCHO XapBapACKU MPUPYYHUK 3a CTUM
(Harvard Referencing System, Harvard Style Manual). ¥ camom Tekcty, y 0OMYHUM
3arpagama, Ha MecCTy Ha KOjeM Ce BpLUM MOo3uBame, OOQHOCHO UMTMpame nutepartype
HabpojaHe Ha Kkpajy YnaHka, o6aBe3Ho y 06M4HOj 3arpaan HanucaTu NnpesMme LmTupaHor
ayTopa, roguHy nsgama nybnukaumje M3 koje uMTuparte u, eBeHTyanHo, 6poj cTpaHuua.
Hnp. (Petrovi¢, 2012, pp.10-12).

[eTtarbHO ynyTCTBO O HauyuHy uUMTUpara, ca npuMepuma, AaTo je Ha CTpaHuum
cajta Ynymcmeo 3a Xapeapdcku npupy4HUK 3a cmus. MNMoTpebHo je aa ce nosmBake Ha
nuTepaTypy y TEKCTY ypaau y ckrnagy ca MOMEeHYTUM YynyTCTBOM.

Cuctem ACUCTEHT y cBpxy KoHTpone HaBohewa (uuTupara) y TeKCTY KOpUCTU
cneumnjanHy anatky CiteMatcher: oTkpuBarwe M30CTaBrbeHUX UMTaTa y TEKCTy paga u y
nonucy pedepeHuum.

HanomeHe (¢pycHoTe)

HanomeHe ce gajy npu AHy cTpaHe Ha KOjoj Ce Hana3su TeKCT Ha Koju ce oAaHOcCe.
Mory cagpxaTun make BaxHe AeTarbe, AoMnyHcka objaltbersa, HasHake 0 kopuwheHum
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1M3BOpUMa (Ha nNpumep, Hay4yHoj rpafu, NpuMpyyHuMUMMa), anu He Mory 6utn 3ameHa 3a
LUTMpaHy nuteparypy.

INucra pedbepeHumn (nutepatypa)

LintupaHa nutepatypa obyxsaTta, no npasuny, Gubnuorpadcke n3Bope (4naHke,
MoHorpadmje 1 cn.) U Aaje ce UCKIbYYMBO Yy 3aceOHOM oferbKy unaHka, y Buay nmcre
pedepeHun. PedepeHue ce He npeBode Ha je3nk paga M Habpajajy ce y nocebHom
OferbKy Ha Kpajy ynaHka.

BOjHOTEXHMYKM rMAcHUK, KAa0 Ha4MH UcCnuca nuTepaType, NpuMekbyje XapBapacku

cuctem pedepeHun, ogHOCHO XapBapAcku npupyyHuk 3a ctun (Harvard Referencing
System, Harvard Style Manual).

NutepaTtypa ce o6aBe3Ho nulle Ha naTMHUYHOM NMCMYy U Habpaja no abeuenHom
pepocneny, Hasogehu Hajnpe npesvmena aytopa, 6e3 Hymepauuje.

[eTarbHO ynyTCTBO O HauMHy nonuca pedepeHuu, ca npuMmepvma, OaTto je Ha
CcTpaHuuu cajta Ynymcmeo 3a XapeapOcku npupyyHuUk 3a cmus. MNoTpebHo je pa ce
nonuc nuTepaType Ha Kpajy YnaHka ypaaum y cknagy ca noMeHyTUM yrnyTCTBOM.

HecTtangapgHo, HenoTnyHo unn HegocnegHo HaBOf]eH::e nntepartype y cmcremmma
BpegHoBawa 4aconuca cmatpa ce OOBOJbHMM pasfioroMm 3a ocnopaBawe HaydYHor
CTaTycCa 4Yaconuca.

Cuctem ACUCTEHT y cBpxy KOHTpone npaBWiHOTr uchiuca nucte pedepeHum
Kopuctu cneumjanHy anaTtky RefFormatter: koHTpona obnukoBara pedepeHum y cknagy
ca XapBapacKknM NpyYpy4YHUKOM 3a CTWS.

MponpatHo nucmo (camo 3a aytope u3 Peny6nuke Cpbuje n no nocebHom
3axTeBy ypeaHuka)

Mopen ynaHka fgocTaerba ce nNponpaTHO NUMCMO Yy Kojem Tpeba ncrtahu o Kojoj BpCcTr
ynaHka ce pagm, Koju cy rpadpumydku npunosu (dortorpadumje n LpTexXn) opurnHanHum, a
KOju No3ajMIbeHu.

Y nponpaTHOM NMCMY HaBoge ce U Nogauum aytopa: UMe, Cpeate CroBo, Npesnme,
UYuMH, 3Bakbe, e-mawvn, agpeca nocnogasua (Bl1), kyhHa agpeca, TenedoH Ha pagHoOM
MecTy 1 kyhHM (MOGunHu) TenedoH, pavyH n HasuB GaHke, CO MecTa cTaHoBawa, 6poj
nunyHe kapte n JMbB rpafaHa.

CBM pagoBM NOANEKY CTPYUYHO] PeLieH3uju.

Cnucak peueH3eHaTa BojHOTEXHMYKOr rmacHuka MoOXe ce BUOETW Ha CTpaHuum
cajta Cnucak peuyeHseHama. [lpouec peueH3upawa objalkeH je Ha CcTpaHuuu
cajta PeuyeH3aeHmcKu riocmynak.

Appeca pepakuuje:

BojHOTEXHMYKM rNacHUK

eHepana MNasna Jypuwwuha LWtypma 1

11040 Beorpag,

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
MaBHM 1 OArOBOPHN YPEAHUK
Mp Hebojwa Mahewa, gunn. nHx.
nebojsa.gacesa@maod.gov.rs,

http://orcid.org/0000-0003-3217-6513,
Ten.: BojHu 40-260 (011/3603-260),
066/8700-123
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NMPUIMALLEHUE U UHCTPYKLIUA O ABTOPOB O NMOPAOKE
noAaAroToBKU CTATbM

MHCTpykuns anst aBTOpPOB O Mnopsake MOArOTOBKM CTaTbM K OnybnvkoBaHuioo B
XypHane «BoOeHHO-TEXHMYECKMI BECTHWMK» pa3paboTaHa B COOTBETCTBUM C AKTOM O
pPefakTVpPOBaHWM  Hay4HbIX >KypHamoB MwuHucCTepcTBa HaykM W TEXHOMOTMYECKOro
pa3sutusa Pecnybnuku Cepbusa, Ne 110-00-17/2009-01 ot 09.07.2009 r. MNpuMeHeHne
3TOro AKTa CnocobCTBYeT MOBBILLEHWUIO KayecTBa OTEYECTBEHHbIX XXypHanoB M ux Gonee
nonHomy BOBEYEHUNIO B MeXOyHapoaHyto cuctemy obmeHa
Hay4HoON nHpopmaumen. MHCTpyKUnsi COOTBETCTBYET MexayHapoaHbIM cTaHaapTam ISO
4, IS0 8, ISO 18, ISO 215, ISO 214, I1ISO 18, ISO 690, ISO 690-2, ISO 999, ISO 5122 n
COOTBETCTBYHOLLMM cTaHgapTam Pecnybnuku Cepbus.

BoeHHo-TexHuuyeckunn BecTHUK (Vojnotehnicki glasnik / Military Technical
Courier), BTr.mo.ynp.cp6, www.vtg.mod.gov.rs/index-ru.html, ISSN 0042-8469 -
— nevyaTHoe wu3gaHue, e-ISSN 2217-4753 — online, UDK 623+355/359,
DOI: 10.5937/VojnotehnickiGlasnik; https://doi.org/10.5937/VojnotehnickiGlasnik,
ABNAETCS  MYNbTUAMCLUUMIMHAPHBIM  Hay4HbIM XypHaroM MwuHucTepcTBa 060pPOHbI
Pecny6nukn Cepbus, koTopbin MyGnuKyeT HayyHble U NpodeccuMoHarnbHble CTaTbM, a
TaKkKe TEXHUYECKYlD MH(pOpMaLMI0 O COBPEMEHHBIX CUCTEMAax BOOPYXEHUS W
COBpPEMEHHbIX BOEHHbIX TexHonorusix. XypHan cnegut 3a eOWMHOW MEeXBWUOOBOWA
TEXHMYECKOW MOOOEPXKKON BOOPYXKEHHbBIX CUJl, OCHOBAHHOW Ha MpUHUMNAX CUCTEMHOW
TNOrUCTUKN, 3a MPUKNaAHLIMA U UHHOBALUMOHHLIMU HayYHbIMWU UCCNEAOBAHUSIMU, B TOM
yncne, B obnactu nNpou3BOACTBa BOOPYXKEHUS WU BOEHHOW TEXHWUKW, WM 3a MNPOYUMMU
TEOPETUYECKUMU U MNPaKTUYECKMMU  OOCTWKEHMSIMW,  KOTOpble  CMOCOGCTBYHOT
npodeccMoHanbHOMy  PoCTy  MpeAcTaBuTeEnen  cepbCKoro,  pernoHanbHOro  u
MeXOyHapoOHOro akagemuyeckoro coobwectBa, W OCOBEHHO BOEHHOCHYXaLUX
MwuHuctepctBa O60pOoHLI U BoopyxéHHbIX cnn Pecnyonuku Cepbusi.

MuHncTepcTBO 00pa3oBaHusi, HaykM W TEeXHONOrMveckoro passutus Pecnybnuku
Cepbus, cornacHo peLUeHno NPUHSITOMY B COOTBECTBUM CO CT. 27 ab3al 1, NyHKT 4 1 Ha
OCHOBaHWM TOnkoBaHus cT. 25 abs3auy 1 nyHKT 5 3akoHa O HaydHO-MccrneaoBaTenbCKOM
aesitenbHocTn («Cnyxx6eHn rmacHuk PCx», Ne 110/05, yTBepaunno kateropusaumio «BoeHHo-
TEXHWYECKOro BeCcTHuKa» 3a 2018 roa;:

KaTteropun B 06nacTv TEXHONOrM4eCcKoro passuTus:

— ObnacTb MaTepuanoB U XMMU4YECKOW TeXHONOru:

BeAYLUMI HayYHbIW XXypHan HauMoHansHoro aHaveHus (M51),

— Obnactb MexaHUKK:

HayYHbIV XXypHan HauMoHanbHoro 3HaveHuns (M52),

— O6nacTb 23NeKTPOHUKM, TEeNeKOMMYHMKauMM U  MHEPOPMaLMOHHbIX

TEXHONOrnM:

HayyHbI XXypHan (M53).

KaTteropun B 06nacTvi OCHOBHbIX NCCNeA0BaHWUIA:

— O6nacTb MmaTemMaTUKa, KOMNbIOTEPHbIE HAayKN, TEXHUYECKUE HaYKW:

Hay4HbIV XypHan (M53).

C vHopMaLmen oTHOCUTENBHO kaTeropusaumm 3a 2018 rog MOXHO O3HAKOMUTBCS
Ha cTpaHuue canTta «BoeHHO-TexHu4eckoro BecTHMKa» Kameeopu3ayusi BecmHuka
(MrHNCTEPCTBOM MPOCBELLEHNS, Haykn W TEXHOMOrnyeckoro passutus Pecnybnvku
Cepbus noka He npousBedeHO OMULMANbHOMO PaHXMPOBAHUSA HAyYHbIX XYpHanoB 3a
2019 rop).
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Boree noApoGHyld WHMOPMaLMIO MOXHO HaWTu Ha cante MwuHucTepcTBa
06pas3oBaHus, HayKku 1 TeXHonornyeckoro passutus Pecnybnukm Cepbus.

C uvHdopMaumen o kaTeropusaumm MOXHO O3HakoMuUTbcA M Ha canTe KOBCOH
(KoHcopuunym 6ubnmotek Pecnybnvkn Cepbusi no Bonpocam o6beaAnHEHUS 3aKyrOK).

KaTteropusauusi BecTHuka npoBefeHa cornacHo [lonoxeHuto o nopsigke u crnocobe
KaTeropmsaummn Hay4yHo-UCCreqoBaTenbCkMX pes3ynbTaToB, YTBEPKOAEHHOrO HaumoHanbHbIM
KOMWUTETOM MO Hayke 1 TexHonormsam (Cnyx6enn rmacHuk PC, Ne 38/2008).

B cootBeTcTBUM C Bblweyka3aHHbIM [lonoxeHneM M Tabnuuein C nokasaTensmu
Knaccudpukaumm M KateropmsauumM - MHAMBUAyanbHbIX  Hay4YHO-MCCIenoBaTeNbCKUX
pe3ynbTaToB, SBMSIOWENACA HeOTbeMneMol uYacTbto [lonoxkeHusi, HayyHasi cTaTbs,
onybnvkoBaHHasi B «BOEHHO-TEXHUYECKOM BECTHUKEY, OLIEHUBAETCS CreayroLmM criocoboMm:
2 6anna (kateropusa M51), 1,5 6anna (kateropua M52) n 1,5 6ann (kateropusi M53).

XKypHan cooTtBeTcTByeT ctaHgaptam CepbCKOro MHAEKca HayyHoOro LMTUPOBaHMWS
(CUNHpekc/SCIindeks) — HaykomeTpudeckon 6asbl  [aHHbIX Hay4HbIX >KypHanoB
Pecnybnukn Cepbusi, a Takke Poccuiickoro nHgekca HayvHoro umtupoBanus (PVHLL).
>KypHan nocTosiHHO NoABepraeTcsi MOHWUTOPUMHIY W OLEHMBAETCH KONUYECTBEHHBLIMU
HayKOMETPUYECKUMU MOKa3aTensiMy, OTpaXKalLMMU €ro HayyHyr LEHHOCTb, B T.4.
onocpefoBaHHO B MeXAyHapoaHblX nHaekcax untuposaHus (Clarivate Analytics).

C vHdopmaumeri 06 MHOEKCUPOBaHUM MOXHO O3HaKOMWUTBCS Ha CTpaHuue cainTa
XypHana MHOekcuposaHue BecmHuka.

«BoeHHO-TexHUYeckun  BeCTHUK»  obecrnedMBaeT uuTaTensM  BO3MOXHOCTb
OTKPbITOrO ~ AoCTyna, B COOTBETCTBUM  C  MOMIOXKEHWAMU 0O  aBTOPCKUX
npaBsax, ytBepxaéHHbimun  Creative Commons (CC BY). C wuHcTpykumen o6
aBTOPCKMX NpaBax MOXHO O3HAKOMWTLCSI HA CTpaHule Asmopckue npasa u noaumuka
camoapxusuposgaHusi, nepenas no ceeinke http://www.vtg.mod.gov.rs/index-ru.html.

Pykonucu ctaten HanpaBnsaloTcs B pedakumio XXypHana ¢ ucnons3oBaHvem online
cuctembl e-Yp: JnekTpoHHoe wusgatensctBo — ASSISTANT, 3anyweHHon LieHTpom
noaaepXu passutusa obpasoBaHus u Hayku (LJMPOH).

Peructpauus B cucteme n ocopmMmneHne npas [OCTyna BbINOMHSAETCS MO agpecy
http://www.vtg.mod.gov.rs/index-ru.html, yepes ctpanuuy ASSISTANT wnv CUNHOEKC
(aseestant.ceon.rs/index.php/vtg).

C WHCTpyKUMEeWn No perucTpauuMm u npaBam AOCTyNa MOXHO O3HAKOMWUTbCS MO
appecy http://www.vtg.mod.gov.rs/index-ru.html, Ha cTpaHuue WHcmpykyus no e-Yp:
OnekmpoHHoe uzdamesibcmeo ASSISTANT.

Bce aBTOpbl, MpegocTaBnslowWwMe CBOM PyKOMUCU Ans NyOnvkauum B pefakumio
XKypHana «BoeHHO-TeXHWYEeCKUA BECTHWMK»  [OSKHbI  MPOUTU  MpenBapuTenbHyH
peructpauuto B peectpe ORCID (Open Researcher and Contributor ID). OTa npoueaypa
OCYLLECTBNSETCSH B COOTBETCTBUM C WMHCTPYKUMEN, pasMELLEHHOW Ha CTpaHuue cawnTa
Peaucmpauusi 8 peecmpe ORCID 0nsi npuceoeHusi udeHmughukayUOHHO20 Kooa.

«BoeHHO-TeXHMYeCKNIA BECTHUK» NyOnukyeT cTaTtbu Ha cepOCKOM, pYCCKOM wnuv
aHrnuinckoMm ssbikax (Arial, wpudT 11 pt, npoben Single).

lMpouecc nOAroTOBKM, HanNWCaHUs U PedaKTUPOBAHUS  CTaTbW  [AOIDKEH
OCYLLEeCTBNSATBCA B COOTBETCTBMM  C  MNpuHUMNamm  dmuyecko2o  Kodekca
(http://www.vtg.mod.gov.rs/etichyeskiy-kodyeks.html).

CrtaTba [JormkHa cogepxaTb aHHOTauMl C KIYEBbIMU CroBamu, BBEAEHUE,
OCHOBHYI0 4acTb, BbIBOAbl, CMMCOK WCMOMb30BAHHOW nUTepaTypbl U pe3loMe C
KIMOYEBbIMW  CMOBaMW  Ha  aHIMUMUCKOM  A3blke (6e3  Hymepauuu  3arofioBKOB U1
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nopsaronoskoB). O6bLEM cTaTbuM He AOIPKEH MpeBbilwaTb OAMH aBTopckui nuct (16
ctpaHuy cbopmaTa A4 ¢ npobenom Single).

CraTbss gomkHa ObiTb HabpaHa Ha KOMMbIOTEPE C UCMOSb30BaHWEM CrieumanbHO
NOArOTOBMEHHOINO  pefakuMen MakeTa, KOTOpbli  MOXHO ckadaTb Ha CcTpaHuue
cavita lNpasuna u obpasey cocmaeneHus cmamabu.

3aronoBok

3aronoBok [OMKeH oTpaxaTb Temy cTaTbW. B uHTepecax xypHana u aBTopa
HeobX0AUMO WCMOSb30BaTh CMOBa M CMOBOCOYETaHWs, yaobHble ANS uHAeKcauun u
noucka. Ecnu Takue crnoBa He cogepaTtcsl B 3aronoBke, TO XenaTenbHo Ux 4o6aBuTb B
noa3aronoBoK. 3arofoBOK AOMKEH ObiTb nepeBedéH Ha aHrMMACKUA A3blk. HassaHue
3aronoBka (nogsarosioBka) NULLETCS Nepes aHHOTaUMEN Ha COOTBETCTBYIOLLEM SA3bIKE.

TeKyLwmii 3aronoBokK

TekylwuiA  3arofloBOK NULIETCS B TUTYNE KaXZOW CTpaHuubl cTaTbM C  LENbio
yNpoLLeHus npouecca naeHTugmKaummn, B nepeyto odepedb KONuii ctaTben B 3NeKTPOHHOM
Buae. 3aronoBok coaepXuT B cebe hamunuio 1 uHMunan uMeHn aetopa (B criydae ecnm
aBTOPOB HECKOMbKO, OcTanbHble 0603HavarTcs ¢ «et al.» nnu «m ap.»), HasBaHne paboThbl
N XypHana (rod, TOM, BbIMyCK, HadarnbHas W 3akmioyvTenbHas CTpaHuua). 3aronoBoK
CTaTbyM 1 Ha3BaHWe >XypHana MoryT ObiTb MPMBEAEHbI B COKPALLEHHOM BUAE.

®PUO aBTOpa

MpuBoaATCS NonHasa hamunusa 1 NonHoe uMs (Bcex) aBTopoB. XKenaTternbHo, YTobbI
OblNM yKasaHbl MHULUMAmNbLI OTYECTB aBTOpPOB. PaMunus U UM aBTOpoB U3 PecnyGruvku
Cepbuss Bcerga nNULIYTCA B OpUrMHanbHOM Buae (C cepbCKMMUM  AUMaKpUTUYECKUMM
3HaKamm), He3aBUCKMO OT fA3blka, Ha KOTOPOM HanvcaHa paborTa.

HaumeHoBaHue yupexpeHus astopa (adpcmnuaums)

MpvBognTCcA MonMHoe (oduvuManbHOE) HaMMEHOBaHWe W MEeCTOHAaxXOXAeHue
yypexaeHusi, B KoTopoM paboTaeT aBTop, a Takke HauMeHOBaHWe y4pexaeHunsl, B KOTOPOM
aBTOp NPOBEN uUccnegoBaHne. B crniydyae opraHnsaumin Co COXHOWM CTPYKTYPON NPUBOAUTCS
X nepapxumyeckas COMOAYMHEHHOCTb (Hanp. BoeHHas akagemus, kadeapa BOEHHbIX
3MEeKTPOHHbIX cuctem, 1. benrpag). Mo kpanHen mepe, ogHa M3 opraHM3aumnin B Mepapxmn
AOSMKHa MMeTb CTaTyC IopUANYECKoro nuua. B cnyyae ecnm ykasaHo HECKOMbKO aBTOPOB, U
€CMnN  HekoTopble M3 HWX paboTaloT B OOHOM YYPEXOEHUW, HYXKXHO OTAeNbHbIMU
0603Ha4YeHUsIMN MNKM KakuM-nmbo ApyrMm crnocobom ykasaTb B KakoM M3 NpUBEAEHHbIX
yypexaeHun paboTaeT Kaxabli u3 aBTopoB. Addunuaums nuweTcs HenocpencTBEHHO
nocne ®MO aBTopa. [JOMKHOCTb 1 CNELManbHOCTb NO AUMIIOMY He YKa3biBaloTCS.

KoHTakTHble AaHHble

ONeKTPOHHbIN agpec aBTopa YKa3blBAlOTCA PSAOM C €ro MMEeHeM Ha MepBOn
CTpaHu1Lbl CTaTby.

Kareropus (Tun) cratbu

Kateropusauma ctatben sBnsieTcs 06A3aHHOCTBIO pedakuum u mnmeeT ocoboe
3HaveHune. KaTeropuio ctatbu MOryT mpegnaratb PeueH3eHTbl U YreHbl pedakumn, T.e.
peaakTopbl pybpuK, HO OTBETCTBEHHOCTb 3a KaTeropvs3aumilo HeceT WCKMYMTenbHO
rnaeHbIN pegakTop. CTaTby B XXypHarne pacnpeaenstoTcs no creayownm KaTeropusim:

Hay4yHble cTatbu:

— opurMHanbHasi HaydyHasi cTatbsl (paboTa, B KOTOpOW NPUBOAATCS paHee
HeonyGnMKoBaHHbIe pe3ynbTaTbl COOCTBEHHbIX UCCIEeOOBaHWUI, MOMYyYEHHbIX Hay4YHbIM
MeToa0oM);
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— o630opHas craTbs (paboTa, cogepxallas OpWUrMHanbHbIA, OeTanbHbIA U
KpUTUYeckuin 0bG3op uccrnegyemoln npobrembl Mnu obnactu, B KOTOPLIA aBTOp BHEC
onpeaenéxHblv BKNaa, BUANMbIA Ha OCHOBE aBToOUMTAT);

— KpaTkoe cooblleHue (opurvHanbHasi HayyHasi paboTta MosiHoro ¢popmara, Ho
MeHbLLero o6béma unu nveroLlasi npeaBapuTenbHbI XapakTep);

— HayuyHas KpUTMdeckasi CTaTbsl (OMCKYCCUSI-NONEMMKA Ha OMNpeAenéHHYH0 HayyHyH
Temy, OCHOBaHHas! UCKITHOUUTENBHO Ha Hay4YHOW apryMeHTaumm) 1 Hay4HbIA KOMMEHTapWii.

OpHako, B HEKOTOPbIX 06M1acTsAX 3HaHUIA HayyHasi paboTa B XXypHane MOXeT UMETb
hopMy MOHOrpadhYECKOro MCCreoBaHUs, a Takke KpUTUYECKOro 06CYKAEHUSI Hay4YHOro
mMaTepmana (MCTOPUKO-apXMBHOTO, JNieKcukorpadmnyeckoro, Gudnuorpaduyeckoro, o63opa
JaHHbIX 1 T.N.) — 4O CUX MOP HEU3BECTHOTO UMW HEAOCTATOYHO AOCTYMHOMO AN Hay4YHbIX

nccnegosaHuii. PaboTbl, KraccuuumpoBaHHble B KavyecTBe Hay4HbIX, OOJDKHblI UMETb,
Nno MeHbLUEN Mepe, ABE MOMOXUTENbHbIE PELIEH3NN.

B cnyyae ecrnu B xypHane oGbsiBRSIOTCA UM NPUNOXEHUS, HE UMEIOLLME HayYHbIN
XapakTep, Hay4Hble CTaTbl OOIKHbI GblTb CrPYNNMPOBaHbl U YETKO BbieneHbl B NepBon
YacTu Homepa.

[podheccroHanbHble cTaTbi:

— npodpeccuoHanbHas pabota (NPUNOXEHWs, B KOTOPbLIX MpeanaratTcs onbiThl,
nonesHble Ansi COBEPLUEHCTBOBAHWSI MPOECCMOHANbHOM MNPaKTUKW, HO KOTOpble He
OOMKHbl B 06s13aTenbHOM nopsigke ObiTb 060CHOBaHbI HA HAYYHOM MeToAE);

— MHcpopMaTMBHOE NpunoxeHue (NnepefoBas cTaTbsl, KOMMEHTaAPUIA U T.M.);
— 0630p (KHWIM, KOMMBIOTEPHOM NPOrpamMmbl, Cry4vasi, Hay4HOro cobbITUS U T.1.).
A3blk paboThbI

Pa6Gota MoxeT 6bITb HanncaHa Ha Cep6CKOM, PYyCCKOM 1nu aHIMUIACKOM A3bIKe.

TeKkcT fomkeH OblTb B NMHIBUCTUYECKOM U CTUMUCTUHECKOM CMbICNE YMOpPSA0YEH,
cucTemaTtusmpoBaH, 6e3 cokpalleHuii (3a UCKNYeHneM ctaHaapTHbIX). Bee dusnyeckne
Benn4nHbl OOIMKHbI COOTBETCTBOBATL Me>|<,quapo,J:lH0|7| cucteme egnHUL, U3MepeHna —
CW. OuepepHocTb hopmyn o6o3HavaeTcs NOPAAKOBLIMU HOMEPamu, NPOCTaBAEMbIMU C
NpaBol CTOPOHbI B KPYrfbIX CKOOKaXx.

AHHOTaums (abcTpakT) u pesrome

AHHOTauusa (abcTpakT) SsBNsieTCsl KpaTkuM MHOPMaTUBHBIM 0630pOM cofepKaHus
cTaTby, obecrnevmBaoLMM YuTaTento BLICTPOTY U TOYHOCTL OLIEHKM €€ peneBaHTHOCTU.
B uHTepecax pefakumMum M aBTOpPOB, YTOObI aHHOTaUMs cofepXana TepMUHbl, 4YacTo
ucnonb3yemble ANs WHAEKCUPOBAHWS WM noucka ctatbend. COCTaBHbIMU YacTaMu
aHHOTaUMM SBNSAOTCA LUefb uccrnegoBaHusl, MeToAbl WM 3akrnodeHne. B aHHoTaumm
JOmkHO ObiTe oT 100 go 250 cnoB, M OHa [OIMKHA HAaxXoAWUTCs Mexay TUTyrnamu
(3aronosok, PO aBTOpPOB U Op.) M KIHOYEBLIMM CIIOBaMU, 3a KOTOPbIMU CrieayeT TeKCT
crtatbn. Ecnn paboTa HanncaHa Ha cepbCKOM UM PYCCKOM si3blKe, XKenaTernbHO, YTOObI
KpoMe aHHoTauuu Ha cepbckoM K pycckom, Obina Gbl NpegocTaBrneHa M aHHoTauust B
paclMpeHHOM BUAe Ha aHrmMACKOM A3blke — B Ka4ecTBe T.H. pestome (summary). Takoe
pes3loMe [OMKHO HaxXoAMTbCs B KOHUE cTaTbW, nocne pasgena Jlutepatypa. BaxHo,
4YTOObI pestome ObINo B CTPYKTYPUPOBAHHOM BWAE, U €ro AfnMHa MOXET COCTaBnsATb A0
1/10 anvHbl ctaTbn (OHO HGonee OBLINPHO, YeM aHHOTaLMSA M3 Havana crtaTtbu). Havanom
OaHHOro pestoMe MoXeT ObiTb nepeBeAeHHas aHHoTauus (M3 Hayana cratbM), a 3atem
OOJDKHbI  CrefoBaTh MNepeBeAeHHbIE [MaBHble 3arosyioBKW, MOA3ArofioBKM UM OCHOBbI
3akNoYeHnss ctatbn (nMTepaTtypa He nepeBoauTcsl). B CTpyKTypMpoBaHHOM pesiome
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HY>XHO NepeBeCcTN YacTb TEKCTa MO 3arofIOBKOM W 3arofioBKOM, NPUHUMAasi BO BHUMaHMe,
4YTOBbI OHO BbINIO NPONOPLMOHANBHO UX pasMepy ¥ B TO e BPEMsi OTpaxarna CyTb.

KniouyeBble cnosa

KnioueBbiMM  crioBamn  SBMAAOTCA  TePMWHbI UM pasbl,  agekBaTHO
npeacTaBnsoLLMe cooepXaHue ctaTtby, HeobxXxoamMmble ANs UHOEKCUPOBAHWSA U Moucka.
KnioueBble crnoBa Heobxogumo BbIOMpaTb, onupasice MpM 3TOM Ha Kakow-nmnbo
MeXOYHapOAHbIA WCTOYHUK (PerncTp, croBapb, Tesaypyc), Haubornee ucCnonb3yembii
BHYTPW AaHHOW HayyHoWn obnacTtu. Yucno KnoveBbIX CroB He MoxeT npesbiwaTe 10. B
MHTEepecax pefakumn 1 aBTOpoB, YTOObI YacToTa MX BCTPEYM B cTaTbe Oblna Kak MOXHO
bonbwen. KnioueBble crnoBa [JalTCa Ha A3blke, Ha KOTOPOM HamnucaHa cTaTbd
(aHHOTaUMs), N Ha aHrMMINCKOM A3blke. B cTaTbe OHM MULIYTCA HEMOCPEACTBEHHO Nocrne
aHHoTauuMu (B Ha4ane) u nocrne pestome (B KOHLE).

Mporpamma ASSISTANT npepocTtaBnsieT BO3MOXHOCTb WCMOSb30BaHUS cepBuca
KWASS, aBTomaTtuyeckn hrKCUPYIOLLETO KITHOYEBbIE CIIOBa U3 MCTOYHMKOB/CioBapei no
BblIGOpY aBTOpa/peqakTopa.

[ata nony4vyeHusa Ctatbu

,El,aTa, Korga pepakuua nonydyuna crtaTtbilo;, gaTta, Korga peaakuna OkKoHYaTelnbHO
npuHANa CTaTblo K ny6nvu<au,mm; a Tawkke pata, Korga Obinu npenocTaBrieHbl
Heobxoanmble ncnpaeneHna pykonmcu, npuBogAaTcA B XPOHONOrM4eckomMm nopdake, Kak
npaBwnIo, B KOHLEe CTaTbW.

BbipaxeHue 6narogapHocTH

HavmeHoBaHve M HOMep MpoekTa, T.e. HasBaHWe nporpamMmbl 6narop,apﬂ KOTOpOMN
CTaTbsA BO3HMKIAQ, COBMECTHO C HaMMeHOBaHMEM Yy4pexngeHusd, KoOTopoe duHaHcHpoBano
NPOEKT nnn nporpamMmmMy, NnpmBoOATCA B OTAENTbHOM NpuMeYaHun, Kak npasmno, BHU3Y nepsoun
CTpaHuUbIl CTaTbW.

Mpeabiaywme Bepcun paboTsbl

B cnyyae ecnu crtatba B npedbigylien Bepcuu Obina M3NoXeHa YCTHO (nopg
OOVHAKOBbIM MWIMM  MOXOXUM Ha3BaHMEM, Hanpumep, B BuAe Joknaga Ha HayvyHoun
KOHbepeHumMn), cBedeHnst 06 3TOM AOSMKHbI ObiTb yKasaHbl B OTAEMNbHOM MPUMEYaHWK, Kak
NpaBuo, BHU3Y MEPBOV CTpaHuLUbl cTaTbu. PaboTa, KoTopasi yxe Obina onybnukoBaHa B
KaKoM-nmbo 13 XXypHarnoB, He MOXeET ObITb HanevataHa B « BOEHHO-TEXHUYECKOM BECTHUKE»
HW Mo, MOXOXMM Ha3BaHWEM, HN B UIBMEHEHHOM BUJE.

Hymepauus v HasBaHue Tabnuy u rpadMKoB

XKenatenbHo, 4TOBbLI HyMepaums 1 HasBaHWe Tabnuy, 1 rpadmkoB ObinNy UCMOMHEHbI Ha
OBYX A3blkax (Ha s3blke opuriHana u Ha aHrnuMnckom). Tabnuubl NoANMCHLIBAIOTCA TaKUM Xe
cnocobom Kak U TekcT U 0603HayatoTCs MOPSAAKOBLIM HOMEPOM C BEPXHEN CTOPOHBI.
doTorpapum N pPUCYHKN AOSKHBI BbITb MOHATHBI, HAMSAAHBI M YAOOHBI ANS penpogyKumm.
PucyHkn Heobxogumo genatb B nporpammax Word nnm Corel. ®oTtorpadomm n pucyHkn Hago
MocTaBUTb Ha JXernaemoe MeCcTo B TekcTe. [Insi co3faaHvst u3obpaxkeHud u rpadpmkos
ncnosnb3oBaHne YHKUMM CHUMKa C 9KpaHa (CKpWHLLIOTa) He gonyckaeTcs. B camom Tekcrte
CTaTbu pPEeKOMeHOYyeTCsl MPUMEHEHWe M306paxeHuin 1 rpadmkoB, obpaboTaHHbIX TakMMK
KOMMbOTEPHBIMKU Nporpammamu, kak: Excel, Matlab, Origin, SigmaPlot u ap.

CcbInku (UMTUPOBaHME) B TEKCTe

OdopMneHne CCbINoK Ha UCTOYHUKM B paMKax CTaTbu LOSMKHO ObiTb 0AHOOOPA3HbIM.
«BOEHHO-TEXHMYECKNIA  BECTHWMK» Ans  OhOpMIEeHUs  CCbINOK, LUMTaT W Cruvcka
MCMNONb30BaHHOW nuTepaTypbl NpumeHsieT apBapackyto cuctemy (Harvard Referencing
System, Harvard Style Manual). B Tekcte B ckoGkax npuBoautcs bamunns LMTUpYeMoro
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aBTopa (unu chamunns NepBOro aBTOpa, €CNM aBTOPOB HECKONbKO), FOA4 M3gaHus U no
HeobxoaumocTn Homep cTpaHuubl. Hanpumep: (Petrovi¢, 2010, pp.10-20). Pekomengauum
0 crnocobe LUMTMPOBaHNS pasMeLLEeHbl Ha CTpaHuLe cavta MHCmpyKyUs Mo Ucrob308aHU0
lapseapdckoeo cmurns. Mpu OMOPMIEHMN CCbINOK, LMTaT WM CNMCKa MCMNONb30BaHHOM
nuTepatypbl  HeOOXOOUMO  NPUOEPXKMBATBCA  YCTAHOBMEHHbIX  HopM. [porpamma
ASSISTANT npegoctaBnsieT nNpy LUTUPOBaHMM BO3MOXHOCTb WMCMONb30BaHUS CcepBuca
CiteMatcher, doukcupytoLero nponyLeHHbIe LMTaTel B paboTe 1 B Cincke nutepaTtypsbl.

MpumeyaHus (cHocKuK)

MpumeyaHnsa (CHOCKM) K TEKCTY YKasblBalOTCA BHW3Y CTPaHuubl, K KOTOPOW OHU
oTHOCATCS. [MpumeyaHns MOryT cogepaTb MeHee BaXHble AeTanu, OOMOMNHUTEeNbHble
06bACHEHNs, yKkas3aHMA 06 MCMOSIb30BaHHBIX UCTOYHMKAX (Hamp. Hay4yHOM martepuarne,
CnpaBOYHMKax), HO He MOryT GbiTb 3aMEHOIN NPoLeaAypbl LUTUPOBAHNSA NMTepaTypbl.

INutepatypa (pedepeHunn)

LinTnpoBsaHHow nuTepaTtypon oxBaTbIBaloTCH, Kak npaswuo, Takue
6ubnuorpacuyeckne UCTOYHMKM Kak cTaTbW, MoHorpadvn u T.n. Bca ncnonb3yemas
nuTepatypa B Buae pedepeHLumnii pasmeLlaeTcs B OTAeNbHOM pasaerne cTaTbu.

Ha3sBaHusa nutepaTypHbIX UICTOYHMKOB HE NepeBoasTCA Ha s3blk paboThl.

«BOEHHO-TeXHMYECKMN BECTHUK» Ans  OPOpMIeHnss crnmcka WCnorib30BaHHOM
nutepaTypbl npumeHsieT [apBapackyto cuctemy (Harvard Style Manual). B cnucke
nMTepaTypbl UCTOYHMKM YKasbiBalOTCA B andaBMTHOM mopsAake damunuii aBTopoB WUnn
pepakTopoB. PekomeHgaumm o criocobe LMTMPOBaHMS pasMelleHbl Ha CTpaHuue canta
WHcmpykyusi mo  ucrionb3oeaHuto  apeapdckozo cmuns. [lpu  odopmMneHun  cnucka
MCMOb30BaHHOM NMUTEPaTYpbl HEOBXOAUMO NPUAEPKMBATLCS YCTAaHOBMEHHBIX HOPM.

Mpn odopmnennn cnucka nutepatypbl nporpamma ASSISTANT npepoctasnset
BO3MOXHOCTb MCMOSb3oBaHus cepBuca RefFormatter, ocyliecTensitowero koHTponb
ochopmMneHns cnmcka nuTepartypbl B COOTBETCTBUM CO CTaHAapTamu [[apBapAcKoro CTuns.

HectaHpapTHoe, HemnomHoe M HenocnegoBaTernbHOe NpuBeAeHne nutepaTtypbl B
cucTeMax OLEHKM XKypHana cyuMTaeTcs [AOCTaTOYMHOW MNPUYMMHOW AN OCnapuBaHUs
Hay4HOro craTtyca XxypHana.

Bce pykonucu ctaten nognexaT npoeccCuoHanbHOMY peLeH3MpPOBaHUIO.

Cnuncok peueH3eHTOB XypHana «BoeHHO-TeXHNYeCKNA BECTHUK» pasMeLLEH Ha
CTpaHuue canta Crniucok peueH3eHmMos. I'Ipou,ecc peueH3npoBaHna onucaH B pasgene

lpasuna peuyeH3uposaHus.

MouToBbLIV agpec peaakummn:

«BojHOTEXHUYKM rNaCHUK»

yn. lenepana MNasna tOpuwwnya LWtypma 1

11040 Benrpag, Pecnybnuka Cepbus

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
[NaBHbIA M OTBETCTBEHHLIN peaakTop
Kangnoat TexHnyeckux Hayk Heboliwa Mavewa
nebojsa.gacesa@mod.gov.rs

http://orcid.org/0000-0003-3217-6513

Ten: +381 11 3603 260, +381 66 8700 123
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CALL FOR PAPERS AND ARTICLE FORMATTING INSTRUCTIONS

The instructions to authors about the article preparation for publication in the
Military Technical Courier are based on the Act on scientific journal editing of the Ministry
of Science and Technological Development of the Republic of Serbia, No 110-00-
17/2009-01 of 9" July 2009. This Act aims at improving the quality of national journals
and raising the level of their compliance with the international system of scientific
information exchange. It is based on international standards ISO 4, ISO 8, ISO 18, ISO
215, ISO 214, ISO 18, ISO 690, ISO 690-2, ISO 999 and ISO 5122 and their national
equivalents.

The Military Technical Courier / Vojnotehnicki glasnik
(www.vtg.mod.gov.rs/index-e.html,  BTr.mo.ynp.cp6, ISSN 0042-8469 — print issue,
e-ISSN 2217-4753 — online, UDC 623+355/359, DOI: 10.5937/VojnotehnickiGlasnik;
https://doi.org/10.5937/VojnotehnickiGlasnik) is a multidisciplinary scientific journal of the
Ministry of Defence of the Republic of Serbia. It publishes scientific and professional
papers as well as technical data on modern weapon systems and military technologies.
The journal covers inter-service technical support to the Army on the principle of logistic
system support; fundamental, applied and development research; production and use of
weapons and military equipment as well as other theoretical and practical achievements
leading to professional development of all members of Serbian, regional and international
academic communities, members of the Ministry of Defence and the Army of Serbia in
particular.

Pursuant to the decision given in Article 27, paragraph 1, point 4, and in accordance
with the acquired opinion given in Article 25, paragraph 1, point 5 of the Act on Scientific
and Research Activities (Official Gazette of the Republic of Serbia, No 110/05, 50/06-cor
and 18/10), the Ministry of Education, Science and Technological Development of the
Republic of Serbia classified the Military Technical Courier for the year 2017

in the field technological development:

—on the list of periodicals for materials and chemical technology,

category: leading scientific periodical of national interest (M51),

- on the list of periodicals for mechanical engineering,

category: scientific periodical of national interest (M52),

—on the list of periodicals for electronics, telecommunications and IT,

category: scientific periodical (M53),

in the field fundamental research:

—on the list of periodicals for mathematics, computer sciences and mechanics,

category: scientific periodical (M53).

The approved lists of national periodicals for the year 2018 can be viewed on the
website of the Military Technical Courier, page Journal categorization (The Ministry of
Education, Science and Technological Development of the Republic of Serbia has not yet
published the official evaluation of scientific journals for 2019).

More detailed information can be found on the website of the Ministry of Education,
Science and Technological Development of the Republic of Serbia.

The information on the categorization can be also found on the website of KOBSON
(Consortium of Libraries of Serbia for Unified Acquisition).

The periodical is categorized in compliance with the Regulations on the procedure
and method of evaluation and quantitative formulation of scientific and research results of
researchers, stipulated by the National Council for Scientific and Technological
Development (Official Gazette of RS, No 38/2008). More detailed information can be
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found on the website of the Ministry of Education, Science and Technological
Development.

In accordance with the Regulations and the table about types and quantification of
individual scientific and research results (as a part of the Regulations), a paper published
in the Military Technical Courier scores 2 (two) points (category M51), 1,5 (one and a
half) point (category M52) and 1 (one) point (category M53).

The journal is in the Serbian Citation Index — SCindex (data base of national
scientific journals), in the Russian Index of Science Citation/Poccuiickuin nHgekc
Hay4yHoro uutupoBaHus (RINC/PUHL) and is constantly monitored depending on the
impact within the bases themselves and indirectly in the international (e.g. Clarivate
Analytics) citation indexes. More detailed information can be viewed on the website of the
Military Technical Courier, page Journal indexing.

Military Technical Courier enables open access and applies the Creative Commons
Attribution (CC BY) licence provisions on copyright. The copyright details can be found on
the Copyright notice and Self-archiving policy page of the journal's website.

Manuscripts are submitted online, through the electronic editing system
ASSISTANT, developed by the Center for Evaluation in Education and Science — CEON.

The access and the registration are through the Military Technical Courier
site http://www.vtg.mod.gov.rs/index-e.html, on the page ASSISTANT or the page
SCINDEKS or directly through the link (aseestant.ceon.rs/index.php/vtg).

The detailed instructions about the registration for the service are on the website
http://www.vtg.mod.gov.rs/index-e.html, on the page Instructions for e-Ur: Electronic
Editing - ASSISTANT.

All authors submitting a manuscript for publishing in the Military Technical Courier
should register for an ORCID ID following the instructions on the web page Registration
for an ORCID identifier.

The Military Technical Courier publishes articles in Serbian, Russian or English,
using Arial and a font size of 11pt with Single Spacing.

The procedures of article preparation, writing and editing should be in accordance
with the Publication ethics statement (http://www.vtg.mod.gov.rs/publication-ethics-
statement.html).

The article should contain the abstract with keywords, introduction, body,
conclusion, references and the summary in English language (without heading and
subheading enumeration). The article length should not exceed 24 pages of A4 paper
format.

The article should be formatted following the instructions in the Article Form which
can be downloaded from website page Article form.

Title

The title should be informative. It is in both Journal’'s and author’s best interest to
use terms suitable for indexing and word search. If there are no such terms in the title, the
author is strongly advised to add a subtitle. The title should be given in English as well.

The titles precede the abstract and the summary in an appropriate language.
Letterhead title

The letterhead title is given at a top of each page for easier identification of article
copies in an electronic form in particular. It contains the author’'s surname and first name
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initial (for multiple authors add “et al”), article title, journal title and collation (year, volume,
issue, first and last page). The journal and article titles can be given in a shortened form.

Author’s name

Full name(s) of author(s) should be used. It is advisable to give the middle initial.
Names are given in their original form (with diacritic signs if in Serbian).

Author’s affiliation

The full official name and seat of the author’s affiliation is given, possibly with the
name of the institution where the research was carried out. For organizations with
complex structures, give the whole hierarchy (for example, University of Defence in
Belgrade, Military Academy, Department for Military Electronic Systems). At least one
organization in the hierarchy must be a legal entity. When some of multiple authors have
the same affiliation, it must be clearly stated, by special signs or in other way, which
department exactly they are affiliated with. The affiliation follows the author's name. The
function and title are not given.

Contact details

The postal addresses or the e-mail addresses of the authors are given in the first page.

Type of articles

Classification of articles is a duty of the editorial staff and is of special importance.
Referees and the members of the editorial staff, or section editors, can propose a
category, but the editor-in-chief has the sole responsibility for their classification.

Journal articles are classified as follows:
Scientific articles:

— Original scientific papers (giving the previously unpublished results of the author’s
own research based on scientific methods);

— Review papers (giving an original, detailed and critical view of a research problem
or an area to which the author has made a contribution demonstrated by self-citation);

— Short communications or Preliminary communications (original scientific full
papers but shorter or of a preliminary character);

— Scientific commentaries or discussions (discussions on a particular scientific
topic, based exclusively on scientific argumentation) and opinion pieces.

Exceptionally, in particular areas, a scientific paper in the Journal can be in a form
of a monograph or a critical edition of scientific data (historical, archival, lexicographic,
bibliographic, data survey, etc.) which were unknown or hardly accessible for scientific
research.

Papers classified as scientific must have at least two positive reviews.

If the journal contains non-scientific contributions as well, the section with scientific
papers should be clearly denoted in the first part of the Journal.

Professional articles:

— Professional papers (contributions offering experience useful for improvement of
professional practice but not necessarily based on scientific methods);

— Informative contributions (editorial, commentary, etc.);

— Reviews (of a book, software, case study, scientific event, etc.)
Language

The article can be in Serbian, Russian or English.
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The grammar and style of the article should be of good quality. The systematized
text should be without abbreviations (except standard ones). All measurements must be
in Sl units. The sequence of formulae is denoted in Arabic numerals in parentheses on
the right-hand side.

Abstract and summary

An abstract is a concise informative presentation of the article content for fast and
accurate evaluation of its relevance. It is both in the Editorial Office’s and the author’'s
best interest for an abstract to contain terms often used for indexing and article search.
The abstract describes the purpose of the study and the methods, outlines the findings
and state the conclusions. A 100- to 250- word abstract should be placed between the
titte and the keywords with the body text to follow. Besides an abstract in Serbian and
Russian, articles in Serbian and Russian are advised to have a summary in English, at
the end of the article, after the Reference list. The summary should be structured and
long up to 1/10 of the article length (it is more extensive than the abstract). It can start
with the translated Serbian or Russian abstract from the beginning of the article with
translated main headings, subheadings and major conclusions to follow (Reference list is
not translated). The structured summary should also contain the proportional informative
parts of the text below the headings and subheadings.

Keywords

Keywords are terms or phrases showing adequately the article content for indexing
and search purposes. They should be allocated heaving in mind widely accepted
international sources (index, dictionary or thesaurus), such as the Web of Science
keyword list for science in general. The higher their usage frequency is, the better. Up to
10 keywords immediately follow the abstract and the summary, in respective languages.

For this purpose, the ASSISTANT system uses a special tool KWASS for the
automatic extraction of key words from disciplinary thesauruses/dictionaries by choice
and the routine for their selection, i.e. acceptance or rejection by author and/or editor.

Article acceptance date

The date of the reception of the article, the dates of submitted corrections in the
manuscript (optional) and the date when the Editorial Board accepted the article for
publication are all given in a chronological order at the end of the article.
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Tables and illustrations

All the captions should be in the original language as well as in English, together
with the texts in illustrations if possible. Tables are typed in the same style as the text and
are denoted by Arabic numerals at the top. Photographs and drawings, placed

appropriately in the text, should be clear, precise and suitable for reproduction. Drawings
should be created in Word or Corel.
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OBABELUTEHA CAPAOHNLIMMA N YATAOLIMMA
COOBLLUEHNA ONA ABTOPOB U YATATENEN
INFORMATION FOR CONTRIBUTORS AND READERS

Paan popgene Harpage ,PeueH3eHT roanHe” n npusHama
LMcTakHyTn peuenseHT LLEOH n CUMHaeke Tnm ouemsyjy
peLeH3eHTe

LIEOH, CUWMHaekc Tvm w pepakuvja BojHomexHu4Ykoz eanacHuka 3amnoyenun cy
oLewMBae pelieHseHaTa pagu fogene Harpage ,PeueH3eHT roguvHe” n npusHama
LcTakHyTn peueHseHT . Ouemyjy ce caMo peLeH3eHTU pagoBa Koju ce ypehyjy oHNnajH,
nocpeacTBoM cucrtema 3a enektpoHcko ypehuBawe ACUCTEHT y noctynky koju
BojHomexHuyku enacHUK 'y MOTNYHOCTM W pgocnegHo cnposBogu. CBU  peleH3eHTU
BojHomexHu4koe anacHuka ucnywasajy oBaj HeornxoaaH YCroB.

MpaBunHnk o) Harpahusamwy JocTynaH je Ha cajty LIEOH-a
(https://www.ceon.rs/images/pdf/RR_pravilnik_sr.pdf), a onwTe ynyTcTBO O OLEHMBaAKY Y
YpeaHuukom cepsucy yaconuca. Harpaga ,PeleH3eHT rognHe” cactoju ce of noserbe u
HOBYaHe Harpage. HoByaHa Harpaga ucnnahyje ce y obnuky Baydepa 3a MOKpuBahe
TpoLUKOBa 3a y4yeluhe Ha Hay4YHO] koHdepeHLMjM No n3bopy HarpaheHor, y MakcumarnHoMm
n3Hocy oa 1.500 eBpa.

LEOH n CUMHgekc Tum nosvBajy ypeoHULITBA 4mju ce yaconucu He ypehyjy
nocpegctesom CUNHOekc AcucteHTa ga ynoxe gogatHy Hanop y noacTuuaky kBanureTa
peueH3vpara, CTaHgapAv3aumjoMm peueH3eHTCKMx obpasaua, AOMyHCKOM egyKauunjoM
peLeH3eHaTa 1 hUXOBOM cenekumjom, npahewem 1 BpegHOBaHEM.

3] e
qQp

Komangbl LLEOH n CUMHAaekc Havyann npoBoAnNTb OLEHKY paboThl
peLeH3eHTOoB, C Lenblo NpuUcykaeHust Harpagbl “PeueHseHT roga” n
npemunn “BblaaloLNnCcs peLeH3eHT"

Komangpl LIEOH 1 CLINHaekc Havyann npoBoauTb OLEHKY paboTbl peLeH3eHTOB, C
Lenbio npucyxaeHus Harpagbl “PeueH3eHT roga” u npemuun “BbloatolMncs peueH3eHT .
OueHvBaHMe peLEeH3eHTOB MpOBOAMUTCA MNPW  TEXHUYECKOW noadepXke CUcTeMmbl
ACCUCTEHT, opHako 3TO KacaeTcs TONbKO TeX peueH3eHTOB, paboTbl KOTOPbIX
pefaKkTUpyTCA  OHMaviH, C MOMOLUBK CUCTEMbl 3MEKTPOHHOrO pefaKTUPOBaHUS
ACCUCTEHT, Bce npoueccbl KOTOPOro HenpepbiBHO-NOCEA0BATENBHO MNPOBOAATCS
XypHanoMm  «BOEHHO-TEXHUYECKUIA BECTHUK». PeueH3eHTbl XypHana «BoeHHo-
TEXHUYECKUIA BECTHMKY BbINOMHSAOT BCE HEOOX0AMMbIE NpoLeaypbl.

C PernameHTOM KOHKypca MOXHO O3HakoMuTbcs Ha canTe LIEOH, nepewngs no
ccbinke:  https://www.ceon.rs/images/pdf/RR_pravilnik_sr.pdf, a ¢ WHcTpykuuen no
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oueHuBaHuto B Pepaktopckom oTgene xypHana. Harpaga «PeueHseHT rogax
npeacraensiet cobon [MoyeTHy rpaMoTy U AEHexHoe Bo3HarpaxaeHue. [eHexHas
npemunsi Bbl4aeTcs B BMAE Bay4yepa, NMOKpbiBaroLero pacxoabl (MakcumanbHo go 1500
€Bp0) Ha yyacTue B Hay4yHOW koHdpepeHunn no BbiIbopy naypeaTa.

Komangbl LIEOH u CLumHaekc cOBMEeCTHO npurnaliaiT pefakuumu, KypHanbl
KOTOpbIX He pepakTupytoTcs nocpeactsoMm CLIMHAekc AccMCTEHTOM, CaMOCTOSITENBLHO
NPUHATL OONOSHUTENbHbIE YCUMNUA AN MNOBbLILWEHNUS KayecTBa peLeH3UpoBaHus, NyTeM
npoBefeHNs CTaHO4apTM3aunn peueH3eHTCKMX 00pasuoB, OOMOMHUTENBHOW MOLArOTOBKU
pPEeLEH3EeHTOB B MOBbIWEHMM KBanudukauumn, a Takke nyteMm ux otbopa, HabnogeHus m
OLIEHKM.

an
qp

CEON and the SCIndex team started the evaluation of reviewers to
find new laureates of the Reviewer of the Year Award and the
Outstanding Reviewer Recognition

CEON, the SCindex team and the Military Technical Courier Editorial Office are
glad to announce the beginning of the reviewer evaluation process for honouring the
Reviewer of the Year Award and the Outstanding Reviewer Recognition. The assessment
is technically supported only for the reviewers of the articles edited online through the
ASSISTANT e-editing system, consistently and fully applied by the Military Technical
Courier. All Military Technical Courier reviewers meet this necessary requirement.

Awards Regulations are available on the CEON site
(https://www.ceon.rs/images/pdf/RR_pravilnik_sr.pdf), while the General Instructions on
Assessment are available in the Editorial Service of the Journal. The Reviewer of the
Year Award consists of a diploma and a voucher to cover the expenses up to 1500 Euros
for the participation in a scientific conference of the laureate’s choice.

CEON and the SCIndex team are encouraging editorial offices of journals not edited
through the SCindex Assistant to promote reviewing quality by putting their effort into
standardizing reviewer's forms, additional education of reviewers as well as their
selection, monitoring and evaluation.
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