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Summary:

The use of explosive devices containing energy enhancement additives
such as halogen compositions, metals in a form of fine powders and
waxes resulted in the formation of toxic gases after their detonation. The
released harmful gases together with the products of destruction of
bombed targets had the effects of special chemical warfare.

Key words: explosive devices, energetic additives, chemical warfare.

Introduction

Experts in Serbia were mostly focused on understanding the effects
of depleted uranium on the health of human population overlooking,
however, the danger of chemical pollution caused especially by a fluid
pyralene (Andelkovi¢-Luki¢, 2015a,2015b) and its burning products.
Pyralene was incinerated when high voltage transformers were bombed.
One of the most harmful products of pyralene decomposition is dioxin
which is one of the most dangerous pollutants of natural environment
(Andelkovic-Luki¢, 2006).

Additional pollution of the environment came from the use of
weapons containing explosive charges of different chemical compositions
which, when detonated, released poisoning and suffocating gases as
well as many other contaminants of ear, water and soil.
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Every explosive can be described by the general formula
CxHyNzOp. The way of explosive function is through extremely fast, in
order of nano seconds, oxidation — detonation. In the process of
detonation, a huge amount of energy is released, followed by a
production of high volume of hot gases — products of detonation, which,
under very high pressure, have destructive effects. The formed products
of detonation contain different gases such as: carbon monoxide, carbon
dioxide, nitrogen oxides, cyanic compounds, hydrogen, nitrogen, water
vapor, and elementary carbon as soot. The released gases are toxic by
themselves and, in a combination with the burning products of oil,
gasoline or vinyl chloride from the targeted tanks and reservoirs, had the
final effect of chemical warfare.

In order to increase brisance, i.e. destructive energy of explosives,
different additives and oxidizing agents of nitro formal types or
ammonium perchlorate and metal powders, mostly aluminum, were used.
The validity of the assumption that fluorine-based additives were used in
warheads of missiles, rockets and bombs dropped on the FR Yugoslavia
and Republika Srpska was confirmed by the effects on human
population. One of these effects is necrosis of fingers (the case of a little
girl in Republika Srpska who played in a bomb crater shortly after
bombing).

A new weapon called “soft bombs” based on electroconductive
fibers produced by highly sophisticated nano technology was used for the
first time on the high voltage grid in Yugoslavia. This ammunition is the
4™ generation of ammunition. Figure 1 shows a coil of electroconductive
glass-aluminum fibers.

Picture 1 — Coils of electroconductive fibers on a coil
Puc. 1 — Kamywku mokonpogodsuwelti Humu
Cnuka 1 — Hamomaju enekmponpogodrbusux eriakaHa Ha Karemy

724




The 3™ generation were “graphite bombs’used in the Iraq bombing
and produced also by nano technology. (Andelkovié¢-Luki¢, 2015a)

Energetic additives to explosive charges

Research on the addition of fluorine in forms of formals into nitro-
compounds was started in the USA in the late fifties of the last century. In
1961, upon a request from “Aerojet-General-Corporation” based on Navy
needs, experiments involving the addition of fluorine into nitro
compounds were carried out in the “Office of Naval Research”
laboratories, Arlington, Virginia.

The objective of this research was to develop new propellants for
long-range missiles. As a result of this research, several fluorine-based
nitroformals were synthesized.

These very toxic compounds are also used as additives to
explosives and as additives to liquid rocket propellants. In explosive
compositions, ammonium perchlorate and aluminum powder are often
used as energetic additives. Ammonium perchlorate is a strong oxidizer
used as an additive to explosives as well as an additive to gunpowder
and solid rocket propellants. In development and research laboratories
of NATO countries, especially in the USA and France, there is an
ongoing search for new, cheaper and more powerful explosives than
“classical” hexogen and octogen. In line with this, a new CL-20 explosive
was synthesized in the nineties of the last century.

It was named after the laboratory where it was synthesized for the
first time (China Lake in California) (Andelkovic¢-Luki¢, 2009). CL-20 is a
nitramine-based explosive about 20% more powerful than octogen
(HMX). This is the reason why it has the number 20 in its name
(Andelkovic¢-Luki¢, 2009). Even though the brisance of this explosive is
20% higher than that of octogen, additives based on fluorinated nitro
formals are used.

These compounds are added to octogen which was phlegmatized
with polymer pDNPA, and hexogen is added to a fluorine copolymer.
Such compositions and their velocities of detonation (VOD) are shown in
Table 1.

There is a realistic assumption that these kinds of compositions
were implemented in some ammunition used in the bombing of
Yugoslavia.
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Table 1 — Explosive compositions fluorinated containing nitro formals and fluorine
polymers (Andelkovic¢-Lukic¢, 2000), (Dobratz, 1981)
Tabnuua 1 — B3pbigsyambie cocmaebl ¢ gpmopcodepxxauiumu HUmMpoghopmamu u
g@mopronumepamu(Andelkovic-Luki¢, 2000), (Dobratz, 1981)
Tabena 1 — EkcrninosusHu cacmasu ca ¢briyopogaHuM HUMpogopmanuma u ¢bsiyopHUM
nonumepuma (Andelkovic-Lukic, 2000), (Dobratz, 1981)

Explosive Composition %. Density, VOD, (m/s)
(g/cm3)

LX-09-0 HMX 93.0
pDNPA 4.6 1.837 8810
FEFO 2.4

PBX 9010 RDX 90 1.78 8370
Kel-F 10

RX-49-AE CL-20 80.46
FEFO 9.77 1.887 8950
nitroformal mixture 9.77

pDNPA - Bis(2,2-dinitropropil)acetal
FEFO-bis (2,2,2-fluorodinitroetil)formal
Kel-F- Chlorotrifluoroethylene/vinilidinfluoride copolymer, 3/1

Detonation products of explosives containing fluorine
compounds

Detonation of explosives containing fluorinated nitroformals
(Andelkovi¢-Luki¢, 2015a,2015b), (Minier & Behrens, 1997) in their
compositions as well as burning of liquid rocket propellants containing
these compounds lead to the formation of very toxic detonation products
such as hydrogen fluoride, hydrofluoric acid, very reactive fluoric radicals,
and fluoric oxides. All these aggressive compounds are formed under
adiabatic conditions during detonation. Airborne hydrogen fluoride (Q)
reacts with traces of water present in the air to form hydrofluoric acid.
The concentration of this acid of only 1 cm® in 1 m® of air can severely
damage the human body and cause heavy poisoning. Hydrofluoric acid is
a very strong poison, extremely harmful to the human tissue. Detonation
of fluoric compounds may lead to the formation of strong toxic gases of
fluoric oxides.

If in a detonation process fluorine is formed, it will react very
forcefully with water by capturing hydrogen and releasing huge quantities
of atomic oxygen — ozone, hydrogen peroxide, fluoric monoxide, and
hydrogen fluoride.
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Decomposition of fluorine- containing explosives

Detonation or burning of this kind of compounds releases a number
of reactive chemical radicals (Minier & Behrens, 1997). In the equations
below, only radicals and molecules of the highest concentration in
decomposition products of two explosives of nitro-formal type are
presented:

bis(2,2,2-fluorodinitro-ethyl) formal, (FC(NO2)CH20]2CH2), FEFO
and
bis(2,2,2-fluorodinitro ethyl) difluoroformal ([FC(NO2)2CH20]2CF2) DFF.

Both explosives are very toxic liquids. Their decomposition gives a
big number of fluoro radicals.

1. [FC(NO,)CH,0],CH, — HF + F + CF + CHyF + CNF + C,H,F
+ CHNF + C,H,OF* + C,H,OF* + C,H,; NOF + C3Hs0,F + CoHa N,OsF*+
C,H,N, O4F*

2. [FC(NO,),CH,0O],.CF, »HF + F + CF + CHyF + CNF + C,H,F’
+ CHNF + C,H,OF* + C,H,OF* + C,H, NOF + C3HsO5F + CoHo NoOsF*+
C,oH5N, O4F*  + CsHsNOsF, + CHOLF

FEFO is a liquid explosive with a velocity of detonation of 7500 m/s
at a density of 1.60 g/cm®.

DFF is also a liquid explosive, more difficult to initiate and with a
velocity of detonation of 6849 m/s at a density of 1.67 g/cm® (Minier &
Behrens, 1997). Since it has two more atoms in its formula than FEFO, it
is more toxic as well.

Detonation products of explosives containing
ammonium perchlorate and aluminum

Very similar reactions with comparable toxicity of reaction products
are identified in the decomposition of chlorine-based compounds such as
ammonium perchlorate (Cai et al, 2008).

As it can be seen from Table 2, this strong oxidizer is used in high
percentage in a number of explosive compositions.
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Table 2 — Compositions of the explosives used (Andelkovi¢-Luki¢, 2015a,2015b)
Tabnuua 2 — Cocmasbl ucronb3yembix 83pbledamsix eewiecmes (Andelkovic-Lukic,
2015a,2015b)

Tabena 2 — Cacmas kopuwheHux ekcriiosusa (Andelkovié-Luki¢, 2015a,2015b)

Explosive, % Energetic additive, % | Aluminum powder, Additive, %
%
Octogene, HMX nitrocellulose CEF*
94% 3% 3%
Hexogene, RDX Vax
59% 2.0%
TNT
39%
Hexogen Ammonium Aluminum
48.0 perchlorate 27%
25%
Hexogen 24% Ammonium Aluminum
Metrioltrinitrate perchlorate 27%
21% 28%
TNT Aluminum
80% 20%
TNT Ammonium nitrate Aluminum
50% 25% 25%

*CEF- trinloretil phosphate

In more recent explosive charging formulations, nano-particle
aluminum is added to increase energy efficiency and have better
characteristics than aluminum in micrometer dimensions. Nano-powders
of aluminum, due to a larger surface area, can increase the burning rate
of the propellant and as such are more used in propellants than in
mixtures with explosives. (Sundaram et al, 2015), (Weidong et al, 2008)

As it can be seen from Table 2, powdered aluminum is added only to
explosives that are not phlegmised by polymeric energy materials, since
such PBX explosives decrease the rate of detonation (Brousseau &
Anderson, 2002). Explosives with aluminum additives have low sensitivity
and good mechanical properties.

Addition of aluminium powder and ammonium perchlorate into
explosive charges builds up internal energy and consequently increases
the destructive and burning effect of the projectile at the target.
Ammonium perchlorate has positive oxygen balance, 34.04 %, and by its
addition negative oxygen balance of brisant explosives can be modified
(Brousseau & Anderson, 2002). The decomposition of ammonium
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perchlorate via burning (oxidizing process) can be explained by a few
models. The most acceptable model is the classical model defining the
burning process in a few consecutive steps. Endothermic decomposition
of ammonium perchlorate results in the formation of perchloric acid and
ammonia according to the reaction:

NH4+ ClOs — NHj; + HCIO,4 — 58 kcal/mol

The formed ammonia and perchloric acid are further exothermically
decomposed into the final combustion products: chlorine, hydrogen
chloride, nitrogen oxides, and water.

O
2NH; + 2HCIO4 — Cl+2NO,+ 4H,0

The second presumed way of the decomposition of ammonium
perchlorate can be described by the equation:

10 NH4CIOs — 2,5 Cl, +2N,0+2,5 NOCI + HCIO4 +1,5 HCI + 18,75 H,O
+1,75N, + 6,375 O,

Under adiabatic conditions of detonation, an extremely toxic,
suffocating and aggressive gas - elemental chlorine is formed. Chloric
oxides and radicals formed by detonation react with water from the air to
form “acidic rain” which destroys and damages vegetation. The most
common detonation products of the mixture of explosive CxHyNzOp and
ammonium perchlorate NH4CIlO4 are presented in the equation below.

C:HyN.Op. + NH,CIO4 — Clp + HCl + CI' + CIO; CCI" + CH,CI" + CNCI +
C,H,ClI + CHNCI + C,H,OCI* + C,H,OCI* + CICH,CN* + C,H, NOCI +
C3H50zC| + C2H2 N203C|*+ C2H2N2 O4C|* + C5H5NOsC|2 + CH02C|

Considering that ammonium perchlorate as energetic additive is
used in a significant amount in solid propellants for large caliber rockets
and cruise missiles, a huge volume of aggressive and reactive chlorine-
based compounds and radicals are released into the atmosphere during
a projectile flight. These aggressive and reactive compounds are also
formed in detonation of mixtures of high explosives and halogen-based
compounds.

729

Andelkovi¢-Luki¢, M., Energetic additives in explosive charges of rockets used during the war against the FR Yugoslavia in 1999, pp.723-734



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2019, Vol. 67, Issue 4

Decomposition of vinyl chloride

In the “Pancevo” refinery, a reservoir with vinyl chloride was
deliberately targeted and destroyed. Vinyl chloride is very toxic and
carcinogenic. It is used in the production of polyvinyl chloride — PVC.
Beside carbon oxides and carbon formed by burning of vinyl chloride in
the open air, toxic hydrochloric acid and extremely strong chlorine-based
poison-phosgene are also formed as a result of vinyl chloride partial
oxidation. (Savezno Ministarstvo za razvoj, nauku i Zivotnu sredinu,
2000)

Vinyl chloride (chloroethane, chloroethylene), CH2= CH-CI is a
colorless gas with ethereal odor, of molecular mass 62.50, with the
boiling point at -13.9 C and the melting point at -160 C. The solubility of
vinyl chloride in water is low and good in ethanol and ether. It is
combustible and explosible. It is easily polymerized. The product of
polymerization is plastic material polyvinyl chloride.

The combustion of vinyl chloride having leaked from the bombed
and damaged tanks can be described by the following equation:

o}
2CH,=CHCI — 2C0O, + 2CO + H,0 + 2HCI + H,

When there is not enough oxygen, burning products react with each
other in a gas phase and under the high temperature producing carbonyl
chloride according to the following equation:

hv
CO +2HCI — COCl,+ H,

Carbonyl chloride, known as phosgene, belongs to chemical warfare
gases of suffocating type. It releases odor of rotten fruit or hay.

The oxidation (burning) of vinyl chloride can go in two directions:

Complete combustion:

02
2CH,=CHCI + 110, — 4CO, +3H,0 + Cl;,

Incomplete combustion:

hv
CH,=CHCI — CO +HCN+HCI + CO, + H,O+H,+C
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Both reactions are ongoing in parallel. Therefore, in combustion
products of vinyl chloride, there are the products of complete and
incomplete combustion, aggressive and toxic gases such as hydrogen
cyanide (HCN), chlorine (CI2), carbon mono oxide (CO), carbon dioxide
(CO2), and hydrochloric acid (HCI). The reactions between these
combustion products when there is not enough oxygen and in the
presence of light lead to phosgene oxime formation (CI2CNOH).

hv
HCN + Cl, + H,O — CI,CNOH + H,

Phosgene oxime also belongs to chemical weapon agents. It is
stronger than phosgene, which is a blistering agent, a choking agent, and
an irritant (Minier & Behrens, 1997).

In Pan¢evo, about 440 tons of vinyl chloride monomers (Savezno
Ministarstvo za razvoj, nauku i zivotnu sredinu, 2000) were burned from
the spherical reservoirs. Phosgene, a chemical warfare gas, is also a
product of vinyl chloride monomers. The fire is shown in Figure 2.

Figure 2 — Fire on the spherical reservoirs of vinyl chloride monomer in Pancevo
Puc. 2 — lNoxap 8 cghepuyeckux pesepsyapax MOHoMepa suHunxmnopuda 8 2.llaH4yeso
Cniuka 2 — lNoxap Ha chepHUM pe3epsoapuma MOHoMepa 8UHU xiopuda y NaHuesy

A thick, black toxic cloud, containing the products of vinyl chloride

burning, hovered over the city of Pancevo for three days. Windy weather
pushed this cloud over the entire mid-Europe up to the Scandinavian
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countries. Deliberately bombing of vinyl chloride tanks clearly confirms
the intention of the aggressor to poison the human population of Serbia.
Even though chemical warfare agents were not explicitly used, it can be
said that putting tanks of vinyl chloride on fire can be considered as the
use of chemical weapon agents.

Conclusion

Warheads of all kinds of projectiles used conventional explosives,
mostly a mixture of trinitrotoluene (TNT) and hexogen. However, some
other mixtures were used, like octogen and metriol trinitrate (MTN). To
increase energy efficiency of these mixtures, different additives were
used, like different plasticizers and oxygen rich inorganic ammonium
salts. Ammonium perchlorate was mostly used. Ammonium nitrate was
also used, but significantly less than perchlorate. Both compounds were
applied as oxidizers rich in oxygen content. In order to increase energy
efficiency of rocket propellants, fluorine-based compounds were mostly
added. Therefore, besides their distruction effects, weapons used were
releasing huge amounts of toxic and suffocating gases as products of
combustion and detonation. The formed gaseous products of detonation
contained carbon monoxide, carbon dioxide, nitrogen oxides,
cyanocompounds, hydrogen, nitrogen, water in form of vapor, carbon in
form of soot, and halogen radicals. These gaseous products of
detonation in combination with the products of vinyl chloride fires had the
effects of special chemical warfare carried out on the FR Yugoslavia in
the year of 1999.
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Abstract:

This paper describes an optimization procedure for the adsorption of
arsenite ions from wastewater using the Adaptive Neuro-Fuzzy
Inference System (ANFIS). The adsorbent is based on hydroxy
apatite, a natural material obtained from carp (Cyprinus carpio) scales.
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The input parameters were the influence of pH, the temperature, the initial
concentration and reaction time of arsenite adsorption while the
adsorption capacity and the arsenite removal percentage were studied as
the output parameters.

Key words: arsenite, adsorption, carp scales, hydroxy apatite,
adsorbent, ANFIS.

Introduction

The Earth crust comprises 1.8 ppm of arsenic which is at the 55"
place regarding its abundance. It can be mainly found in the following
oxidation numbers: +1 (arsenide), 0, -3 (arsenite) and -5 (arsenate)
(Jarup, 2003), (Jovanovi¢ et al, 2011). As a metalloid, arsenic is not toxic
but toxicity significantly changes depending on the oxidation number.
Arsenite is the most toxic form of arsenic, followed by arsenate and then
organic arsenide. Arsenic contamination is mainly a result of natural
geothermal (volcanoes) and human activities. In nature, arsenic can be
found in numerous oxide and hydroxide species in combination with
different metal and nonmetal ions. Arsenic is used in the pesticide
industry, wood industry, electronic industry and it comes as a byproduct
of ore and metal smelting, etc. Arsenic poisoning leads to serious health
problems, from skin irritation, respiratory and digestion problems to
infertility, heart and immunity problems, DNA damage and cancer. It
accumulates in the human body and with time leads to serious illnesses
and death. Plants absorb arsenic easily, thus it efficiently enters the food
chain (Veli¢kovi¢ et al, 2016). The maximum allowable concentration of
arsenic in drinking water is 10 pg dm™ and the maximum concentrations
of arsenic in wastewater discharged to the receiver must not exceed 0.1
mg dm~ (WHO, 2016), (Dziubek, 2017).

Studies have shown that sediment and biological apatites have
capability of heavy metal and radionuclide bonding in a way that
adsorbed quantities are 106 times larger than their concentrations in the
surrounding environment and the desorption does not occur up to billion
years, not even during the change of pH values, temperature, chemical
composition of the surroundings and tectonic changes (Nriagu, 1974),
(Wright, 1990). Biological hydroxy apatites can easily bond ions but
release them with great difficulty. The bonding process of different ions
onto the structure of biological hydroxy apatites can be useful for living
organisms (nontoxic concentrations of F, Cu, Mn, and Zn) or cause
serious health disorders, especially to bones (Pb, Cd) (lyengar &
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Tandon, 1999). Mono, bi, tri, and tetravalent ions can be bound to
apatites instead of calcium, phosphate or hydroxide ions.

Getting hydroxy apatite by chemical means is either complicated or
environmentally unsafe (Nayak, 2010; Panda et al, 2014), so it is
desirable to obtain it from natural sources, e.g. fish scales, fish scale
hydroxy apatite - FSHAp (Chakraborty & RoyChowdhury, 2013), or
animal bones (LU et al, 2007; Luna-Zaragoza et al, 2009) which are
otherwise considered as biowaste. The extraction of FSHAp from
biowaste is economically and environmentally desirable because around
50% of total used fish mass ends up in waste, while 4% of that waste
consists of fish scales (Kongsri et al, 2013), (Sukaimi et al, 2014). The
idea of getting FSHAp from waste fish scale is investigated in numerous
studies (Ferraz et al, 2004), (Nayak, 2010), (Catros et al, 2010),
(Jadalannagari et al, 2011), (Ramli et al, 2011), (Sobczak-Kupiec &
Wzorek, 2012), (Scalera et al, 2013), (Baji¢ et al, 2013). The potential of
thus obtained FSHAp is significant, because annually between 18 and 30
million tons of fish scales appear as waste in the whole world (Huang et
al, 2011); furthermore, its environmental and biological compatibility and
nontoxicity should be taken into account. Numerous studies have shown
that FSHAp has great properties as an adsorbent for the removal of
heavy metal ions, anions and radionuclides from water due to its high
value of adsorption capacity, insignificant water solubility, good
availability, low cost and great stability in the presence of oxidation and
reduction compounds (Kongsri et al, 2013). FSHAp has been confirmed
as a good adsorbent of Pb, Zn, Co, Cd, As, Cu, Ni, Fe, Al, Se, Am, U,
Pu, Tc, nitrate, sulfate, fluoride, carbonate and chloride ions (Ma et al,
1994a), (Ma et al, 1994b), (Xu et al, 1994), (Thomson et al, 2003),
(Gémez del Rio et al, 2004), (Corami et al, 2008), (Stotzel et al, 2009),
(Dimovi¢ et al, 2009), (Islam et al, 2011), (Baji¢ et al, 2013).

In one study (Baji¢ et al, 2013), it has been presented that the
adsorbent obtained from carp fish scales (CSHAp) has a great affinity to
Cd(Il), Pb(ll) and As(V) ions. The paper shows that the aforementioned
ions can be successfully removed from water for pH values between 6
and 8 and that the presence of interfering ions in water does not affect
the adsorption process.

In this study, the biological apatite was obtained from the cycloid
scales of freshwater fish carp (Cyprinus carpio) from the E€ka (Zrenjanin,
Serbia) fish farm.

Adaptive neural networks (neuro-fuzzy networks) are based on
unifying the concepts of fuzzy logic and artificial neural networks -
theories that have already found their place at the top of the interest of
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researchers in the field of artificial intelligence (Jang, 1991), (Jang,
1993), (Jang et al, 1997), (Abraham, 2005), (Tahmasebi, 2012). Using an
input/output set, the Adaptive Neuro-Fuzzy Inference System (ANFIS)
forms a fuzzy logic system in which the membership function parameters
are created using a backpropagation algorithm or other algorithms such
as genetic algorithms, simulated annealing algorithm, bee algorithm, etc.
It is based on the so-called Takagi-Sugeno system. This approach allows
the fuzzy system to learn from the data it is modeling (Takagi & Sugeno,
1985), (Mehran, 2008), (Pamucar et al, 2018), (Sremac et al, 2018).

The ANFIS was used in this study to evaluate the effects of four
influencing variables (i.e. pH, temperature, initial concentration of
adsorbate, and adsorption time) on the removal efficiency of arsenite
ions on carp scales.

Experimental part

Materials

Fish scales were extracted from the farmed carp (Cyprinus carpio),
grown in the Ec¢ka fish farm. The scales were sonicated in a 5% solution
of hydrogen peroxide and triple rinsed with deionized (DI) water and
dried. The pure dried carp scales were ground. Adsorbents were
prepared from the analytical-grade arsenite standard NaAsO, (Sigma-
Aldrich). A stock solution containing 1000 mg dm™ was prepared, and
additionally diluted with DI water to the required ionic concentrations for
the adsorption experiments.

Adsorption experiments

The arsenite adsorption capacities of CSHAp were determined in a
batch reactor. The batch adsorption experiments were performed using
100 cm? vial with addition of 0.5 mg of ground carp scales and 100 cm?®
(m/V = 5 mg dm™) of As(lll) solution of the initial concentrations of (Co)
0.1, 0.2, 05,1, 2, 5and 10 mg dm™. The bottles were placed in an
ultrasonic bath. In order to evaluate the effect of pH on adsorption, the
initial pH values of the solutions were set at 2.0, 4.0, 6.0, 8.0 and 10.0 by
adjusting them with 0.01 and 0.1 mol dm™ NaOH, and 0.01 and 0.1 mol
dm™ HNOs. The experiments were conducted at three temperatures: 20,
30 and 40 °C. The time-dependent adsorbate concentration changes
were examined in the range of 5-120 minutes. After sonication, the
mixtures of adsorbent and ionic solutions were filtered through a 0.2 um
PTFE membrane filter, acidified and analyzed. Adsorption experiments
were conducted in a batch system under ultrasonic stirring. The
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ultrasonic bath (Bandelin Electronic, Berlin, Germany, power 80 and 120
W, frequency 35 kHz) was thermostated by circulating water through the
jacket.

The arsenite concentrations in the solutions before and after the
adsorption were analyzed by inductively coupled plasma mass
spectrometry (ICP-MS), using an Agilent 7500ce ICP-MS system
(Waldbronn, Germany) equipped with an octopole collision/reaction cell,
Agilent 7500 ICP-MS ChemStation software, a MicroMist nebulizer and a
Peltier cooled (2.0 °C) quartz Scott-type double pass spray chamber. The
standard optimization procedures and criteria specified in the
manufacturer's manual were followed. The ICP-MS detection limit was
0.030 pg dm™ and the relative standard deviation of all arsenic species
investigated was between 1.3 and 5.1 %.

The maximum adsorption capacity has been achieved at pH = 4, C,
=10 mol dm™3, T =40 °C and t = 60 min and the maximum percentage of
arsenite removal has been achieved at pH = 4, C, = 0.1 mol dm™3, T=40
°C and t = 60 min, as it can be seen from Table 4.

ANFIS setup

The ANFIS method is used to examine the possibility of modeling
and the prediction of As(lll) adsorption on CSHAp. The input variables of
the fuzzy logic system (FLS) are the initial adsorbate concentration (Xj),
the pH value of the solution (X3), the adsorption temperature (X;) and the
adsorption time (X;). Along with the four input variables, the FLS has two
output variables: the adsorption capacity (Y4) and the adsorbate removal
percentage (Y2). The intervals of the input and output FLS variables are
given in Table 1.

Table 1 — Intervals of the input and output FLS variables
Tabnuya 1 — VilHmepsarbl 8X00HbIX U 8bIXOOHbIX MEPEMEHHbIX CUCMEMbI He4YemKol
noeauku
Tabena 1 — UHmepesanu ynasHux u udnasHux npomeHrbueux ®JIC-a

Variable Interval Unit
Xi [0.1,10] mgdm™
Xz [2, 10] -

Xs [20, 40] °C
Xa [5, 120] min
Y; [0.92,245] mgg
Y, [2.34, 95.0] %

The coefficient weights of the input FLS variables are determined
using the DEMATEL method (Pamucar et al, 2014) and the manner of
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their influence on the adsorption capacity, g, and the percentage of
adsorbate removal, R, is given in Table 2.

Table 2 — Weights of the input FLS variables and their influence on the output variables
Tabnuya 2 — Beca 8X00HbIX MepeMeHHbIX cucmeMbl HeYemkoU /I02UKU U UX 8/lUsHUe Ha
8bIXOOHbIE NepeMeHHbIe
Tabena 2 — TexuHCKU KoegbuyujeHmu yna3sHux rpomeHsrbusux ®@J1C-a u vuxos ymuyaj
Ha u3nasHe rpoMeHIbuge

Interval group Influence | Influence

a b c onq onR
Xi | 01903 | 0.1-0.5 | 0.5-2.0 | 2.0-10.0 | INCTease- Increase-
increase | decrease
Increase towards b,
to others decrease
Increase- | Increase-
increase | increase
Sharp increase to b,
then mild increase

Variable | Weight

X 0.2169 | 2.0-4.0 | 4.0-6.0 | 6.0-10.0

X3 0.2441 20-25 25-35 35-40

X 0.3487 | 5.0-45 45-90 | 90-120

Results and discussion

The Gauss membership functions (GMFs) are used for the
description of the input FLS variables. The GMFs (Table 3) are selected
because of the following benefits: they are easy to manipulate with when
setting the FLS, the description of the input variables is quite acceptable,
they ensure a satisfactory system sensitivity and provide the smallest
error at the exit from the ANFIS model. Starting from the above
assumptions, it is defined that each input variable has four membership
functions (MFs) while the output variables (Y, and Y;) are described with
eight MFs. The parameters of the MFs for the input variables before the
ANFIS training are presented in Table 3.

The initial FLS testing was performed after the parameters of the
input/output variables and the base of the rules had been defined. It was
observed that the system had not yielded satisfactory results in relation
to the FLS output data and the desired set of solutions. The difference
between the expected results and the value of the output criterion
function was not within the limits of tolerance. Attempting to change the
type and parameters of the membership functions at the exit in order to
obtain satisfactory values did not give the expected results. Table 4
shows the experimentally determined output values based on a set of
input parameters, that is, the results of 29 experiments for the adsorption
of As(lll) on CSHAp.
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Table 3 — Parameters of the membership functions before the ANFIS training

Tabnuua 3 — MNapamempbi hyHKYUl YrneHcmea neped obyyeHuem ANFIS

Tabena 3 — Napamempu gyHKyuja npunadHocmu ripe oby4asarwa AHONC

MF 1 MF 2
_1[ x=0.519 )2 1 [ X_ 4.233}2
:uMFl(Xl):e 2\ 11 /JMFz(Xl):e 2\ 1813
X
1 MF 3 MF 4
_1( x—e.99)2 _i[ X78.555)z
:uMF3(X1): g 2\ 169 /UMFA(Xl): e 2\ 1542
MF 1 MF 2
_1( X—-2.656 jz 1 [ ‘524 )2
'uMFl(XZ): g 0P /uMFZ(XZ): g 210942
* MF 3 VI 4
_ 1( x—7.3se)2 1 ( x_8_392J2
ﬂMFs(Xz)Ze 2\ 1t luMF4(X2):e 2\ 1465
MF 1 ME 2
_1( X—23.7)2 _E[ X—26.67 )2
/uMFl(Xg):e 2L 34 /uMFZ(Xs):e 2\ 2832
* MF 3 MF 4
7;( x—ao.%]2 ,1( X_37)2
Hues(Xg)=e 2 2% Hyea(X5) = 20 4%
MF 1 MF 2
_1( x—22.36J2 _E[ X_43.3jz
IUMFl(X4) =g 2\ 1¥ IUMFZ(X4)= o 2\ 1282
X4

MF 3

MF 4

ﬂMFs(X 4) = e%( Xlg?;f)

Hea(X,) = e_%( XS;SJ
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Table 4 — Results of 29 experiments for the adsorption of arsenite on CSHAp
Tabnuua 4 — Pesynbsmamsi 29 skcriepumeHmos rno adcopbuuu apceHuma Ha CSHAp
Tabena 4 — Peaynmamu 29 exkcriepumeHama 3a adcoprnyujy apceHuma Ha CSHAp

X1 Xz X3 X4 q R
0.50 4.00 20.00 5.00 1.60 32.00
0.50 4.00 20.00 10.00 2.50 50.00
0.50 4.00 20.00 15.00 3.20 64.00
0.50 4.00 20.00 30.00 3.69 73.80
0.50 4.00 20.00 45.00 4.16 83.20
0.50 4.00 20.00 60.00 4.22 84.40
0.50 4.00 20.00 120.00 4.20 84.00
0.10 4.00 40.00 60.00 0.95 95.00
0.20 4.00 40.00 60.00 1.82 91.00
0.50 4.00 40.00 60.00 4.29 85.80
1.00 4.00 40.00 60.00 8.02 80.20
2.00 4.00 40.00 60.00 15.20 76.00
5.00 4.00 40.00 60.00 17.60 35.20
10.00 4.00 40.00 60.00 24.50 24.50
5.00 2.00 30.00 60.00 16.40 32.80
5.00 4.00 30.00 60.00 21.20 42.40
5.00 6.00 30.00 60.00 18.50 37.00
5.00 8.00 30.00 60.00 6.32 12.60
5.00 10.00 30.00 60.00 117 2.34
0.10 4.00 20.00 60.00 0.92 92.00
0.20 4.00 20.00 60.00 1.78 89.00
0.50 4.00 20.00 60.00 4.22 84.40
1.00 4.00 20.00 60.00 7.87 78.70
2.00 4.00 20.00 60.00 14.32 71.60
5.00 4.00 20.00 60.00 15.90 31.80
10.00 4.00 20.00 60.00 16.50 16.50
10.00 2.00 30.00 30.00 12.30 12.30
10.00 4.00 30.00 30.00 17.40 17.40
10.00 6.00 30.00 30.00 8.75 8.75

An analysis of the obtained data at the FLS output yielded an
average error of 8.371. In addition to a relatively high error, the FLS for
some values of the input parameters was overly sensitive, while for some
values it was insufficiently sensitive. Figure 1 presents a set of the FLS
output values, i.e. a scenario describing the system's response for
individual input values. The plane surfaces (plateaus) represent the
places where the FLS is inert for the input parameter values, while the
steep sections represent the values of the input parameters for which the
FLS is too sensitive. An attempt to reduce the output error and improve
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the sensitivity of the FLS by correcting the base of the rules and
changing the parameters of the MF did not yield the expected results.
Because of this, the transformation of the FLS into the ANFIS was
performed (Figure 1).

Figure 1— ANFIS (a) and FLS (b) output
Puc. 1— ANFIS (a) u FLS (6) ebixod
Cnuka 1— ANFIS (a) u FLS (b) usna3s

The ANFIS has been trained for 4 epochs. In the training process,
the MF of the initial FLS was set up, in order to reduce the error at the
exit. In this study, a backpropagation algorithm was used for the ANFIS
training. In the initial phase of the ANFIS training, in addition to the
backpropagation algorithm, the simulated annealing algorithm and the
hybrid algorithm were also tested (Dreiseitl & Ohno-Machado, 2002),
(Pamucar et al, 2018), (Sremac et al, 2018). However, during the testing,
a model that was trained with the backpropagation algorithm had a
smaller error compared to other tested models.

The backpropagation algorithm calculates the error recursively (it
performs a square error taking into account the output functions of each
of the nodes of the network), starting from the output layer and going
back to the input layer. By training a neural network with numerical
examples, the initial MF forms are adapted. If there is a difference
between the obtained and the expected data, modifications are made on
the links between the neurons in order to reduce the error, i.e. the MFs in
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the adaptive nodes are being adjusted. Table 5 shows the parameters of
the ANFIS membership functions after training.

Table 5 — Parameters of the membership functions after the ANFIS training
Tabnuya 5 — Mapamempsi chyHKyul npuHadnexHocmu riocre obyqyeHuss ANFIS
Tabena 5 — lNapamempu ¢byHkyuja npunadHocmu nocrie obyyasawa ANFIS

MF 1 MF 2
1 [ x—0.02895 )2 i eamy
ﬂMFl(Xl):e 2 2.652 ,UMFz(Xl):e 2( 1.915 )
. MF 3 MF 4
1 x-7818Y 7&( x-10.05 JZ
IuMF3(X1)=e 2[ 1.783 j :uMF4(X1)=e 2\ 1.659
MF 1 MF 2
- 2 )
Lol e
'uMFl(XZ)_e :uMFZ(XZ)ze
- MF 3 MF 4
1( x-73 Y 7&( x-9.963 ]2
MMpg(Xz):eif[m) :”MF4(X2):e 2\ 1184
MF 1 MF 2
,i[ x-22.91 )2 ,i( 2615 ]2
Hur (X5) =€ 20 2% ez (X5)=e 20 24
% MF 3 MF 4
_i[ X-34.69 )Z L x40 2
luMF3(X3):e 2\ 3738 #MM(Xs):e_?( 2.831)
MF 1 MF 2
1 ( X—4.974 ]2 Lf vt ar P
luMFl(X4):e e :uMFZ(x4)=eiz[ 1634 j
X MF 3 MF 4
1(x-817Y 1( x-120
e (X4) _ e'?( 16.12 ) s (X4) _ e_?( 16.28 ]

After the completion of 4 training epochs and the reduction of the
average relative error to a value of 0.4830 and 0.6867 for g and R,
respectively, it was concluded that the error is acceptable. Figure 2
graphically depicts the overlap of the ANFIS results with the experimental
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data. In addition, the conclusion is that the neuro-fuzzy network is trained
and able to generalize new input data for which it is not trained.
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Figure 2 — Comparison of the ANFIS and the experimental data for q (a) and R (b)
Puc. 2 — CpasHeHue ANFIS u akcriepumeHmarbHbix 0aHHbIX q (a) u R (b)
Cniuka 2 — lNopehere pesynmama ANFIS ca ekcrnepumeHmanHuMm pe3ynmamuma 3a q
(@) uR(b)

The data analysis was conducted using Marquardt's percent
standard deviation (MPSD); Hybrid fractional error function (HYBRID);
Average relative error (ARE); Average relative standard error (ARS);
Sum squares error (ERRSQ/SSE); Normalized standard deviation (NSD);
Standard deviation of relative errors (sge); Spearman’s correlation
coefficient (rs); Non-linear chi-square test (x?), and Coefficient of
determination (R?) (Baji¢ et al, 2016). The errors for four trainings for the

calculated output variables g and R are given in Tables 6 and 7.

Table 6 — Errors for four ANFIS training sets for the variable q
Tabnuya 6 — Owubku 8 Yyembipex amanax oby4yeHust ANFIS
o nepemeHHol q
Tabena 6 — pewke 3a yemupu obyke ANFIS 3a npomeHsrbusy q

Error functions training 1 training 2 training 3 training 4
MPSD 2314 148.9 82.83 4.447
HYBRID 739.0 315.0 112.2 0.4108
ARE 128.4 84.48 51.22 0.4830
ARS 2.187 1.407 0.7827 0.04202
ERRSQ 502.5 236.2 104.6 0.2395
NSD 218.7 140.7 78.27 4.202
SRE 126.7 83.22 50.27 1.476
rs 0.9779 0.9896 0.9954 0.9999
X 0.004215 0.4081 0.9815 1
R’ 0.9658 0.9841 0.9907 0.9998
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Table 7 — Errors for four ANFIS training sets for the variable R
Tabnuua 7 — Owubku 8 Yembipex amarnax obyyeHuss ANFIS
ro nepemeHHol R

Tabena 7 — pewke 3a 4yemupu obyke ANFIS 3a npomeHrbusy R

Error functions training 1 training 2 training 3 training 4
MPSD 10.77 6.810 3.802 1.338
HYBRID 39.00 18.74 6.764 1.414
ARE 5.363 2.232 1.580 0.6867
ARS 0.1018 0.06435 0.03592 0.01264
ERRSQ 452.4 213.1 91.07 28.39
NSD 10.18 6.435 3.592 1.264
SRE 4.404 2.725 1.679 0.8721
rs 0.9801 0.9906 0.9960 0.9988
X 0.9998 1 1 1
R® 0.9832 0.9921 0.9963 0.9989

By analyzing the errors for four trainings and for the calculated
output variables g and R given in Tables 6 and 7, it can be concluded
that after the fourth training a significant error reduction has been
achieved, which is especially expressed for the parameter q.

Conclusion

This paper shows the successful use of the ANFIS for the
optimization procedure of the adsorption process of arsenite ions on carp
scale hydroxy apatite adsorbent. It was found that the optimal conditions
for the arsenite ions removal were as follows: Cy = 3.9 mg g'1, pH =4.2,
T =40 °C, and t = 60 min. Only four training epochs have managed to
reduce the errors and to predict the output values in a reasonably good
manner. The implementation of the backpropagation training algorithm to
the proposed model improved the quality of the generated appropriate
fuzzy if-then rules to describe the input-output behavior of the adsorption
system. The ANFIS method can, therefore, be applied to predict these
and other output parameters of the adsorption process, which contributes
to reducing the future number of experiments required to investigate the
adsorption process. Also, the presented method can be applied to real
water samples contaminated with arsenite ions.
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OoNnTUMnN3ALUMNA AACOPBUNN APCEHUTA HA ACOPBEHTE
MMAPOKCUAMNATUTA C UCTMOJIb3OBAHVEM AOAMNTUBHOU
HENPO-HEYETKON NHOEPEHLMOHHOWM CUCTEMBbI

3opaH N. Bany, KoppecnoHaeHT’, [pazaH C. I'Iamyqaps,

Mosuua. Ox. BoraaHos®, Muxaen M. Byuko®, 3name C. Bennukosuy®

@ YHueepcuTeT 060poHbl B I. Benrpan, BoeHHas akagemusi, JlenapTameHT
BOEHHOIO XMMUYECKOro MHXWHWUPWHTa, I. benrpaa, Pecnybnuka Cepbus

6 YHuBepcuTeT obopoHbl B . benrpaa, BoeHHasi akagemus,
HenaptameHT nornctuku, r. benrpaa, Pecnybnuka Cepbus

PYBPUKA TPHTW: 61.01.94 OxpaHa okpyatoLLen cpefbl,
61.13.21 Xumun4yeckue npouecchl

BWO CTATbW: opurmHanbHasa HayyHas ctatbsl

A3bIK CTATbW: aHrnuinckmin

Pe3some:

B daHHoU cmambe onucaHa ripouyedypa onmumu3ayuu adcopbyuu UOHO8
apceHuma U3 CmoYHbIX 800 C UCMO/b308aHUeM adanmueHol Helpo-
Heuyemkol noeuveckold cucmembl (ANFIS). B ocHose adcopbeHma
Jniexxum ripupoOHbIl 2udpokcuanamumHbil Mamepuar, rofyYeHHbId U3
yewyu kapna (Cyprinus carpio). B kayecmee napamempos ee8oda
ucrionb308aruch enusiHue  pH, memrnepamypel, HavarnbHoul
KOHUeHmpauyuu U epeMeHU peakuyuu Ha aldcopbuuro apceHuma, a 8
Kayecmee 8bIXOOHbIX napamempos bbiiu uccriedosaHbl adcopbUuLOHHas
eMKOCMb U NpoueHm ydarieHus apceHuma.

Knoyesble  crnosa:  apceHum,  adcopbuus, dewys  Kapna,
eaudpokcuanamumHbiti adcopbeHm, ANFIS.

ONTMMN3ALNJA AOCOPTIUMNJE APCEHUTA HA ADCOPBEHT HA
BA3N XNOPOKCUAMNATUTA KOPULWTHREHEM AOAMNTUBHOI
HEYPO-®A3N CUCTEMA

3opan J. Bajuh, ayTop 3a npenucky®, [pazaH C. I'Iamyqap6,

Josuua. B. boraaHos®, Muxaen M. Byuko®, 3name C. Benuukosuh?®

@ YumsepaunteT oabpane y Beorpaay, BojHa akagemuja, Kateapa
BOjHOXEMMUjCKOT MHXenepcTBa, beorpaa, Penybnvka Cpbuja
YHusepauteT onbpaHe y beorpagy, BojHa akagemuja, Kategpa noructuke,
Beorpag, Penybnuka Cpbuja

OBNACT: 3awTnTa XXMBOTHE CPeANHE, XEMUjCKO UHXEHEPCTBO

BPCTA UJIAHKA: opyruHanHu Hay4Hu pag

JESNK YJTAHKA: eHrnecku

Caxemak:

Y pady ce onucyje nocmynak onmumusayuje adcopriyuje apCeHUmMHuUx
JjoHa u3 ommnadHux eo0a Kopuwherem adanmueHo2 Heypo-ghasu
cucmema (ANFIS). Y ocHosu adcopbeHma Hanasu ce npupodHu
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XUOpoKcu-anamum+u  Mamepujan  00bujeH U3 Kpibywmu wapaHa
(Cyprinus carpio). Kao ynasHu napamempu kopuwheHu cy ymuuaj pH,
mewmriepamype, rodyemHe KOHUeHmpauuje U epemeHa adcopryuje
apceHuma, a Kao u3nasHu napamempu ucriumueaHu cy aldcopryuoHU
Karauyumem u ripouyeHam yKiarbarba apceHuma.

KrbyuHe peyu: apceHum, adcopryuja, Kpsbywm wapaHa, XUdpoKcu-
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Abstract:

The paper proposes a conversion of plane shooting targets using two-
dimensional affine transformations. It is assumed that affine
transformations will be useful for target generation in firearms training
simulators (FATS). The structure and the matrix formation algorithm of
target vertex matrices are described as well as transformation matrices
and output matrices. Vertex matrices were formed for twelve plane
shooting targets. Transformation matrices 3%3 in size were used for
conversions. Mathematical modelling and computer simulation of
software-configurable plane shooting targets for FATS were performed
in the Mathcad v.15 software.

Key words: shooting target, firearms ftraining simulator, affine
transformation, transformation matrix, Mathcad.

Introduction

A firearms training simulator (FATS) is a compound of hardware and
software that creates augmented reality which can be used to improve
shooting skills and rationalize behavior in such situations. Less often, a
FATS is named a digital target range. The following shooting skills can
be sharpened using a FATS: targets detection and classification;
determination of a «shooter-target» distance; determination of target
movement parameters; aiming and shooting; assessment of undershoot
and overshoot parameters, and quick threat response. Along with a
detailed description of an image transformation process in computer
graphics systems (Rogers & Adams, 1976), (Vince, 2012), (Hughes et al,
2013), a process of generating a software-configurable target of interest
for a FATS is not described in scientific literature. Therefore, eliminating
such a gap and explaining this procedure from a point of view of
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mathematics is a needful objective. A computer simulation of software-
configurable plane shooting targets for a FATS is performed in the
Mathcad v.15 computer algebra system.

Virtual landscape with targets

A pistol (or a rifle) with a laser cartridge, a computer, one or more
projectors and screens, specialized software, and a trained shooter are
the basic elements of a FATS. A computer, a projector, a projector
screen, and necessary software provide visualization of a virtual
landscape (panorama) (Fig. 1). An important part of this panorama is a
software-configurable shooting target which may be static or dynamic.
The meaning of the term «virtual landscape with targets» should also be
further clarified.

a) b)
Figure 1 — Virtual landscape with SGTs: a — with known «shooter-target»
distance1, and b — with unknown distance
Puc. 1— lNaHopambi ¢ NpoepaMMHO-2eHepUPO8aHHbLIMU MUUEHSIMU:
a — C U38eCMHbIM paccmosiHuUeM U b — ¢ Heu38ecmHbIM pacCmosHUEM
Cnuka 1 — BupmyenHu rej3ax ¢ KOMIijymepcKu eeHepucaHuM Memama: a — kada je
rnosHama pa3sdasrbuHa uamehy cmpenua u meme, u 6 — kada pasdarbuHa Huje no3Hama

A virtual landscape is usually characterized by a large depth of the
visibility and a wide viewing angle (Fig. 1). Technically, it can be created
by several LCD projectors. Unlike common shooting targets, made of
paper, cardboard or metal plates, software-generated targets (SGTs) are
part of a virtual landscape. We can say that, physically, they are a part of

! Fragment of a virtual lanscape (panorama) of a digital target range at the firearms
training simulator in the Kunsan Air Base (Gunsan, the Republic of Korea) (Source:
https://en.wikipedia.org/wiki/Shooting_target#/media/File:A_digital_ target_range_at_the _
firearms_training_simulator_on_Kunsan_Air_Base_waits_to_be_used.jpg)
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a screen at which a shooter aims and shoots during shooting practice
and owing to which shooting performance effectiveness is analyzed.
SGTs are generated by the program, visualized using a computer and
displayed onto an LCD projector screen. Specialized FATS software
should be able to visualize different types of SGTs and change their
position in a virtual landscape.

For example, in Fig. 1a, four identical torso targets are placed side
by side, their order is deterministic and the «shooter-target» distance is
known in advance. Fig. 1b presents four targets: three chest targets and
one man-sized, arranged randomly and the «shooter-target» distance is
not known in advance.

Since the dimensions of the same target change while
increasing/decreasing the «shooter-target» distance, the controlled
scaling of the target can create a visual illusion that a target is closer to
or farther from a certain landmark. It should be added that a controlled
change of a target’s position can create an illusion of its movement.
Thus, a computer program controls an influence on target geometry in
order to create necessary visual illusions for a shooter.

From the point of view of planimetry, a SGT is a polygon, i.e. a
geometrical figure bounded by a closed polygonal chain whose line
segments do not intersect. Properties of a SGT as a planar geometric
object are identified in (Khaikov, 2019a), (Khaikov, 2019b).

Affine transformation is a type of plane transformation, in which a
straight line translates into a straight line, and parallel straight lines into
parallel ones. Two-dimensional affine transformations are a class of
mathematical transformations basic to modelling geometrical objects in
the two-dimensional Cartesian coordinate system. Affine transformations
of a target can be expressed by an analytical expression (by a formula).
2D affine transformation is carried out using matrix multiplication. The
transformation matrix is multiplied by the target vertex matrix. As a result,
we obtain the output matrix.

TM x ATVM = OM,
where

TM — a transformation matrix,
ATVM — an augmented target vertex matrix (TVM) and
OM - an output matrix.

Further on, each of these matrices is described in more detail.
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Target vertex matrices

A sequence of a target's vertices is their enumerated collection in
which repetitions are not allowed. A TVM is a two-dimensional array that
encodes a sequence of a target's vertices in the Cartesian coordinate
system. The coordinates of twelve (Soviet/Russian and Swiss) targets
are given in Tables 1-3. All dimensions in these tables are given in
centimeters. The top (first) row of the TVM contains the coordinates of
the abscissa (x) and the second row — corresponding ordinates (y) of
each target's vertex. In this way, the coordinates of each vertex are
written as a column vector (2x1 submatrix). The vertices of polygons are
listed in all cases counterclockwise. The first and third tables contain the
data about ten frontal-attacking targets and the second table — about two
flank-attacking targets. The rectangular arrays of numbers given in
Tables 1-3 must be converted to the matrices of the appropriate size.

Table 1 — Coordinates of the vertices for the Soviet/Russian shooting targets
Tabnuua 1 — KoopOuHambi 8epuUH CUly3mo8 CO8EMCKUX/POCCULICKUX
cmpesikosbIX MuweHel
Tabena 1 — KoopOuHame 8pxosa cosjemcKux/pyckux mema 3a 2afhjarbe

Number
No Types 02f of Coordinates of target vertices in the Cartesian
' FRATs target coordinate system
vertices
1 Head target 6 45 185 23 23 0 0
0 0 12 30 30 12
2 Head & 8 0 50 50 365 365 135 135 O
shoulders 0 O 12 12 30 30 12 12
target
3 Chest 8 0 50 50 365 36,5 135 135 0
target 0 O 32 32 50 50 32 32
4 Torso 8 0 50 50 365 365 135 135 0
target 0 O0 82 82 100 100 82 82
5 Man-sized 10 12,5 375 50 50 375 375 125 125 0 O
target 0 0 50 132 132 150 150 132 132 50

Note: Target silhouettes are visualized in (Khaikov, 2019a, p.273)

2 FRAT stands for a frontal-attacking shooting target
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Table 2 — Coordinates of the Swiss shooting targets
Tabnuua 2 — KoopduHambl 8epWUH CUlyamoe8 weeliyapCKux CMpPesikoebix MuwieHel
Tabena 2 — KoopOuHame weajyapckux Mema 3a 2ahar-e

Number
No Types of of Coordinates of target vertices in the Cartesian
’ FRATs target coordinate system
vertices
1 Head 6 35 165 20 20 0 0
target 0 0 13 33 33 13
2 Head & 8 0 45 45 325 325 125 125 O
shoulders 0 O 8 13 33 33 13 8
target
3 Chest 8 0 45 45 325 325 125 125 O
target 0 O 30 35 55 55 35 30
4 Torso 8 0 45 45 325 325 125 125 O
target 0 O 75 80 100 100 80 75
5 Man-sized 14 75 375 375 40 45 45 325..
target 0 0 50 65 65 140 145
...325 125 125 0 0 5 75
...165 165 145 140 65 65 50

Note: Target silhouettes are visualized in (Khaikov, 2019a, p.273)

Table 3 — Coordinates of the Soviet/Russian shooting (flank-attacking) targets

Tabnuua 3 — KoopOuHambi cO8emMCKUX/POCCUUCKUX CMPesIKo8bIX
(¢priaH2080-amakyrouwux) muwieHel
Tabena 3 — KoopOuHame cosjemckux/pyckux ( 604HUX) Mema 3a 2ahjar-e

Types of Number Coordinates of target vertices in the Cartesian
No. 3 of target ;
FLATs . coordinate system
vertices
1 Torso target 9 94 50 50 33 33 10 10 15 O
0O O 75 82 100 100 75 75 55
2 Man-sized 10 18 38 50 50 33
target 0 0 50 125 132
... 33 10 10 15 0
...150 150 125 125 105

Note: Target silhouettes are visualized in (Khaikov, 2019b, p.527)

3 FLAT stands for a flank-attacking shooting target
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To get an augmented TVM, we need to do three steps. To speed up
the calculations, we will use the Mathcad software.

Step 1. A TVM is a two-dimensional array that encodes a sequence
of a target's vertices in the Cartesian coordinate system. Each row of a
TVM contains the coordinates of the abscissa (x) and the ordinate (y) of
a target's vertex (initial TVM). A size of a TVM is 2xn, where n — total
number of a target’s vertices.

Step 2. The closure effect for a target’'s perimeter is realized by
adding the first (initial) vertex to the right side of the final vertex. The
vertices are traversed counterclockwise. To implement step 2, we must

perform:

- set the ORIGIN variable ORIGIN :=0

- first target’s vertex FV := submatrix(TVM,0,1,0,0)
- obtain a closed TVM CM := augment(TVM, FV).

A size of a matrix with the closure effect is 2x(n+1).

Step 3. The augmented matrix is obtained by adding the third row of
the ones with a size (1x(n+1)). To implement step 3, we must perform:
- vector with numbers of vertices [ 0..n
- matrix of ones (G) 1
- the transpose of the G matrix
- an array formed by placing CM, G top to

bottom is the augmented TVM stack(CM, G")

Now the size of the augmented TVM is 3x(n+1).

The functions «submatrix», «augment», «stack» and «origin» are
built-in functions / variables of the Mathcad software (Maxfield, 2009).

Sets of TVMs can form libraries of shooting targets. Using the
described principle, libraries of British (Clark, 2006), (Ministry of Defense
of the UK, 2015), North American (Ministry of Defense of the USA, 2000),
German (Ministry of Defense of the GDR, 1984), Polish (Ministry of
Defense of the PPR, 1977), Soviet/Russian (Tarchishnikov, 2011), and
other targets can be created.

|
Gi .
GT

Affine transformation matrices

Two-dimensional affine transformation matrices are used to apply
linear transformation. Let us define simple affine transformation matrices
that carry out only translation (shifting), scaling, shearing (skew), rotation
and reflection. All enumerated matrices have a size of 3x3.

Simple 2D affine transformation matrices. Consideration of
simple affine transformation matrices will begin with the operations of
multiplication by the identity matrix, translating (shifting), and scaling. The
description is accompanied by figures (Figs. 2-4) which show the type of
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the transformation matrix and its impact on the chest target. The initial
target is shown in yellow. The target after affine transformation is blue.

Multiplication of the initial shape and the identity matrix does not
change the initial target (Fig. 2a). The submatrix (2x2) highlighted by the
dotted line contains the basic elements of the transformation matrix.

The value of X in the translate matrix produces a shift of an initial
shape along the 0-x axis and the value of Y determines the shift along
the 0-y axis (Fig. 2b).

No change Translate Scale about the origin
10 D ........... 1 0 ¥
{.D....’J.ED} """ 017
0] 0]
a) b)

Figure 2 — Transformation matrices and the results of their impact on the chest target:
a — unit matrix; b — translation; ¢ — nonuniform scaling
Puc. 2 — Mampuuybi mpaHcghopmayuu u pesyribmamabl 8030elicmeusi Ha 2pyOHYH
MuweHb: a — eQUHUYHas MuweHb; b — nepeHoc; ¢ — macuwmabuposgaHue
Cnuka 2 — TpaHcghopmayuoHe Mampuue U pe3ynmamu BhUXog8oe ymuuyaja Ha epyoHy
memy: a — jeOuHu4Ha Mmampuua; 6 — mpaHcriayuja; 8 — HeyHUOPMHO cKanupare

Two-dimensional affine transformation can differentially scale a
target (Fig. 2¢). X is a scale factor for the 0-x direction. Y is a scale factor
for the 0-y direction. If X, Y is greater than zero, then a target will be
increased, if less than zero, then it will be reduced. If X = Y, then uniform

scaling takes place, but if X # Y, this is a non-uniform (differential)
scaling.

Rotation of a target in two dimensions around the origin is carried
out due to the rotation transformation matrix (Fig. 3a). Rotation is
implemented at the angle 6. If the angle 6 is greater than zero, then the
rotation takes place clockwise relative to the axis 0-y, if less than zero,
then it is counterclockwise. If the angle 8 is 0, then the transformation
matrix turns into a unit matrix. Horizontal shear (or shear parallel to the 0-
x axis) is displacement of every point horizontally due to the horizontal
shearing matrix (Fig. 3b). The slope of the vertical lines depends on the
angle . If the angle ¢ is 0, then the shear transformation matrix turns
into a unit matrix. Vertical shear (or shear parallel to the 0-y axis) is
displacement of every point horizontally due to the horizontal shearing
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matrix (Fig. 3c). The slope of the horizontal lines depends on the angle
w. If the angle w is 0, then the shear transformation matrix turns into a
unit matrix.

Rotate about the origin ~ Shear in the x direction Shear in the y direction

ic0s8 sng 0 ‘1 tang: 0
sn8 cos g 0 0..1.:0
o0 1 001

Figure 3 — Transformation matrices and the results of their impact on the chest target:
a — rotation; b — horizontal shearing; ¢ —vertical shearing
Puc. 3 — Mampuubl mpa+Hcghopmayuu u pesynbmamsi 8030elicmeusi Ha 2pyOHyH
MUWeHb: a — epaujeHue; b — 20pu3oHmMarbHbIl cO8ue; ¢ — 8epmukalibHbIl cosu2
Crniuka 3 — TpaHcghopmayuoHe mampuue U pe3ynmamu HbUuxogoe ymuuyaja Ha epyOHy
memy: a — pomayuja; 6 — cMuyarse o X-ocu,; 8 — cMuyar-e o y-ocu

If it is necessary to create a reflection target image, it is possible to
multiply the reflection matrix with the target vertex matrices. The most
spread reflection matrices are: reflection about the origin (Fig. 4a);
reflection about the 0-x axis (Fig. 4b), and reflection about the 0-y axis
(Fig. 4c).

Reflect about the origin  Reflect about the x-axis Reflect about the y-axis

Figure 4 — Three types of reflection transformation matrices and the results of their impact
on the chest target
Puc. 4 — Tpu muna mampuy, npeobpa3osaHusi ompaxxeHul u pe3ynbmamabl Ux
g8o30elicmeusi Ha epyOHY MUWEHb
Cniuka 4 — Tpu spcme mpaHcghopmayUuoHUX Mampuua peghriekcuje u pesynmamu
HUX0802 ymuuaja Ha 2pyOHy memy

A 2x2 linear transformation matrix allows scaling, rotation, shearing,
and reflection. A 3x3 linear transformation matrix provides translation.
For the purpose of unification, the size of the transformation matrix is
reduced to (3x3).
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2D composite affine transformation matrices. In contrast to the
previously considered simple transformation matrices, composite
matrices produce several elementary transformations simultaneously.

For example, if we need to translate, scale and rotate using only one
matrix, we must first multiply them:

CATM = TrM x ScM x RoM ,

where

CATM — a composite affine transformation matrix,
TrM — a translating transformation matrix,

ScM - a scale transformation matrix and

RoM — a rotating transformation matrix.

As a result, we get

10 X][Xs 0 0] [cos(e) sin(@) 0] [ Xgcos(@) X,sin(e) X
0 1 Y|x| 0 Y, 0fx|-sin(a) cos(@) 0|=|-Y,sin(a) Ycos(@) Y
0 0 1 0 0 1 0 0 1 0 0 1

Transforming a target shape using composite transformation
matrices is not different from a corresponding transformation using
simple transformation matrices. Like the previously selected one, a
transformation matrix (simple or composite) must be multiplied by an
ATVM.

Output matrices

The output matrix contains the coordinates of the vertices of the
transformed matrix. This matrix has a size of 3x(n+1), where n — total
number of a target’s vertices in the target which is taken as initial.

To obtain the TVM, in the first step, we need to separate, from the
output matrix, the third row containing only ones. The resulting matrix will
have a size of 2x(n+1). Next, we separate the last column of this matrix,
as it repeats the first. This matrix will have a size of 2xn. This is the
desired matrix in which the first row contains the abscissas of the
vertices, while the second row contains their ordinates.

Target design in Mathcad

After the creation of a library of targets (Tables 1-3) and
transformation matrices and after the unification of their sizes, a simple
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simulation of two-dimensional affine transformation becomes possible.
Let us give three examples of implementing affine transformation with
targets of various types.

Example 1. We will perform uniform scaling. As the initial target, we
take the Swiss chest target (Table 3 (No.3)). In order to increase the size
of the target (Fig. 5a), we assign the scale factor s = 2. The matrix
multiplication process is presented below:

0 O
9 O
90 60
2 0 0] |0 45 45 325 325 125 125 0 O T 65 70
0 2 0|x(0 0 30 3 55 55 3 30 0 =|65 110
00 1|1 1 1 1 1 1 1 11 25 110
25 70
0 60
0 0

)

where, the first (3x3) matrix — transformation matrix for uniform scaling;
the second (3x9) matrix — the augment target vertices matrix; and the
third (9x3) matrix — the output.

i Scale factor 2 Y Scale factor 0.5

primary chest

targets
4 [ chesttargets after
transformation
il x i ! A
0 20 40 60 80 100 0 20 40 60 80 100
a) b)

Figure 5 — Process of uniform scaling of the chest target using different values of s
Puc. 5 — lNpouecc macwmabuposaHuUsi MUWEHU C UCIMOMb308aHUEM Pa3HbIX 3Ha4YeHUl S
Cnuka 5 — lNocmynak yHUOPMHO2 ckanupara epyOHe meme Kopuwherem
pasnuyumux epedHocmu s

To reduce the size of the chest target, select the parameter = 0.5.
The visualization of the results is shown in Figs. 5a and 5b.

The perimeter of the initial matrix is colored in red. The perimeter of

the transformed matrix is given in blue. Since the vertices of the matrices
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are numbered, we can see the directions of their movement du
transformation. This kind of scaling can be used to calculate dry fi
targets (Egloff, nd).

ring
ring

Example 2 — translating (shifting) of the Soviet/Russian FLAT (torso

target, Table 4 (No.1)) with the shifting parameters: X = 60, Y = 50.
matrix multiplication procedure is shown below:

69.4 50
110 50
110 125
T 93 132
1 0 60| {94 50 50 33 33 10 10 15 0 94 93 150
0 1 50(x 0 O 75 82 100 100 75 75 55 O =
70 150
0 0 1 1 1 1 1 1 1 1 1 1 1
70 125
75 125
Y 60 105
5ok - g 69.4 50
4
! 3 X Y
[[] primary target
[] target after
1 2 transformation
| #
0 30 100

a)
Figure 6 — Target translating (shifting) process with different values of X and Y
Puc. 6 — lNpouecc cogueaHuss MUWEHU C UCr0b308aHUeM pasHbiX 3HadyeHul X u
Cnuka 6 — lNocmynak mpaHcnayuje meme ¢ pasnudyumum epedHocmuma X u'Y

A graphical representation of the displacement is shown in Fig.
The red border is the initial matrix and the blue border is the ou
matrix. Since the vertices of the matrices are numbered, we can see
parallelism of vertices movement.

Both in the first and second examples, the abscissas (X) of
vertices are collected in the first column of the output matrix, and t
ordinates (Y) in the second column.
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Using translating (shifting), we can simulate the (right-left)
movement of a target.

Example 3. It is an illustration of how matrix rotation is carried out
in Mathcad. We used the Soviet/Russian head target (Table 1 (No.1)) for
rotation. The rotation parameter (angle alpha) is a discrete variable with
eight values: a = 0, /4, /2, 311/4, i, 511/4, 311/2, and 711/4. The result of
rotation is shown in Fig. 7. Increasing the angle value from 0 to 7m/4
gives the head target rotation clockwise relative to the origin.

i targets after

transformation

Figure 7 — Target rotating process using eight different angles
Puc. 7 — lNpouyecc spauieHuUsi MUWeEHU C UCrosib308aHUEM 80CbMU ya/108 1108opoma
Cnuka 7 — Nocmynak pomauuje Meme Kopuwherem ocaMm pa3nuyumux yenosa

Swinging pendulum targets can be simulated using rotation.

Conclusions

Conversion of plane shooting targets is proposed using two-
dimensional affine transformations. A target library consisting of 12
shooting targets is proposed in this article. It is assumed that this type of
conversion will be useful for specialized FATS software, where software-
configurable target generation is necessary. The matrices accompanying
all stages of the conversion are described in detail: a target forming
matrix, transformation matrices, and an output matrix. Mathematical
modelling and computer simulation of software-configurable plane
shooting targets for a FATS are performed in the Mathcad v.15 software.
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MNPUMEHEHVE AGOUNHHOI O NPEOBPA3OBAHWNA OJ1A
FEHEPALINN CTPENKOBbLIX MULWEHEW B CTPEJIKOBOM
TPEHAXEPE-MIMUTATOPE

Baduwm J1. XalikoB
He3aBUCUMBbIV UccneadoBaTenb, . KpacHogap, Poccuiickasa depepauns

PYBEPUKW: 78.21.00 BoeHHO-NpuKNagHble Hayku;

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

Pe3swome:

s mpaHcgpopmauuu  IOCKOCMHbBIX — CMPESIKosbiX — MulueHel
MpedroxeHo ucronb308ams aghcbuHHbIE rpeobpasosaHusl.
lMpednonazaemecsi, Yymo smom mun mpaHcopMayuu roaeseH npu
npospaMMHOU  2eHepayuu  MuUweHel 8  crieyuasnu3upo8aHHOM
rpozpamMmMHOM obecriedeHUU mpeHaxepa, obyqarouwez20 cmpernbbe U3
O2HecmperibHo20 opyXusi. B cmamee npusedeHo nodpobHoe onucaHue
Mampuu, conposoxdarowux amaribl mpaHcgopmayuu: om Mampuybl
¢hopmupo8aHUsi KOHMypa CMPENKo8oU MULWEHU, Mampuubl aghgbUHHO20
npeobpasosaHusi, 00 pe3ynbmupyrouwelt Mampuysl. Mamemamudeckoe u
KOMMblOmMepHoe  MOOenupogaHue  MpoepaMMHO-KOHGgU2ypupyemou
MuUweHU 071 Cmperikogoeo mpeHaxépa 6bIMOMIHEHO 8 MpoepaMMHOM
obecrieyeHuu Mathcad v.15.

Knroyesble crnosa: cmpersnikogasi MUWEHb, CMPEsIKO8bIlU MpeHaxép-
umumamop, agpguHHoe rnpeobpa3sosaHue, Mampuuya
npeobpasoeaHusi, Mathcad.

KOPUWREHE AONHE TPAHCO®OPMALIMJA 3A TEHEPUCAHE
META Y CUMYTNATOPY 3A OBYKY Y PYKOBAHY BATPEHNM
OPYXJEM

Baduwm J1. Xajkos
He3aBWCHW uctpaxwusad, KpacHopap, Pycka ®epepaumja

OBNACT: npumeneHa MaTemaTtumka
BPCTA YJ1IAHKA: opurMHanHim Hay4Hu pag
JESNK YJTAHKA: eHrnecku

Caxemak:

3a eafjame rnomohy deodumeH3uoHanHUx acghuHe mpaHcgopmauyuja y
pady je npednoxeHa KoHeep3uja d800uMeH3UoHanHUx mema. Nowiio
ce 00 npemnocmaeke da he aghuHe mpaHcgopmayuje bUMU KoOpuUCcHe
3a eeHepucame Mema y cumynamopuma 3a O00yKy y pykosarby
sampeHuMm opyxjem (FATS). 3a mampuue epxosa mema ornucaHu cy
cmpykmypa u arneopumam opmupar-a mampuuya,
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mpaHcghopmMayuoHe Mampuue. Kao U Mampuye usnasza. Mampuue
8pxosa hopmupaHe cy 3a deaHaecm O800UMEH3UOHA/IHUX Mema 3a
eahar-e. 3a KOH8ep3ujy cy KopuwheHe mpaHcgopmMayuoHe Mampuue
gopmama 3x3. 3a MameMamuydko MolenupaHe U KOMIIymepcKy
cumynauujy cogpmeepckueeHepucaHux 0800UMEH3UOHaTHUX Mema 3a
eahame 3a FATS kopuwheH je cogbmeep Mathcad v.15.

KrbyuHe pedu: mema 3a 2ahame, cumynamop 3a 0byKy y pykoeamy
sampeHuM opyxjem, achuHe mpaHcghopmayuja, mpaHcgopmayuoHa
mampuya, Mathcad.
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Summary:

The paper presents computational and mathematical model of the spatial
motion of a rocket with centering bulges and a pin on the body in a thin-
walled tubular guide mounted on two fixed supports and equipped with a
screw groove. The models take into account the interaction of the
projectile with the inner surface of the guide tube at the locations of the
drive pin and the centering bulge. The strength of the normal reaction of
the inner surface of the guide is found as a reaction to the elastic
deformation of the pipe caused by normal to its inner surface
displacements of the centering thickening at the point of contact with the
guide. In this case, the tubular guide is considered as an elastic thin-
walled shell. To calculate the values of the shell stiffness coefficient along
its length, the finite element method implemented in the ANSYS
Mechanical software package is used. The translational component of the
projectile motion is investigated on the basis of the theorem on the motion
of the center of mass. The rotational component is investigated on the
basis of the Lagrange equations of the second kind. The generalized
parameters of the rotational motion are the yaw Y and pitch 6 angles, the
angle of attack a, the angle of slip 8, and the angle of rotation of the
projectile around the longitudinal axis ¢. The aerodynamic angle of heel y,
is found from the transition formulas for the adopted coordinate systems.
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The yaw velocity angle Y, the pitch velocity angle 6, and the aerodynamic
roll angle y, as well as the first time derivatives of these angles are
converted into the yaw angles w and pitch u of the projectile axis and their
derivatives in the starting coordinate system.

Keywords: missile launcher, movable launcher, elastic model,
launching tube, spatial portion of movement, interaction forces, angles
of vectors, center of mass velocities, projectile axis angles.

Introduction

The creation of computational and mathematical models of the
movement of a missile in a launcher tubular guide (Fig. 1) precedes a
physical model. In most works, the projectile is considered to be a
smooth solid, which, when moving in a guide, tracks the angular
movements of the chassis and package of guides (Svetlickij, 1986),
(Somoiag et al, 2007, pp.95-97), (Antunevich et al, 2017, pp.207-208),
(Dziopa et al, 2010, pp.645-646), (Dziopa et al, 2015, pp.71-72). In fact,
the physical model of the movement of the projectile inside the tubular
guide is much more complicated. While moving, the projectile body rests
on the inner surface of the guide pipe centering thickenings. After the
penultimate centering, the bulge extends beyond the muzzle cut, the
projectile moves into the guide tube, resting on the inner surface of the
tube with the leading edge of the last centering bulge. The formation of
absolute angles of departure and angular velocities of departure due to
the relative rotation of the guide in the pipe and the movement of the pipe
itself during the flight in the pipe and their determination for the moment
of the descent of the missile from the launch guide constitute the
essence and the problem of angular initial disturbances of the missile
trajectories.

To solve the mission of a missile at launch from a launcher in design
models of projectile motion in a launcher, the same parameters defining
the position of the projectile should be used as in calculating the flight
trajectory. Such parameters (Fig. 2) can be the coordinates and the
velocity of the center of mass of the projectile, yaw velocity angles W,
pitch 8, determining the direction of the velocity vector of the center of
mass, the angle of attack a and the slip 8, determining the position of the
axis of the projectile relative to the velocity vector of the center of mass,
the aerodynamic angle y, roll, the yaw angles @ and the pitch u of the
projectile axis (Svetlickij, 1986), (Raducanu et al, 2009, pp.1459-1460).
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Figure 1 — Mobile launcher RSZO BM-21
Puc. 1 — MobunbHas nyckosasi ycmaHogka PC30 BEM-21
Cnuka 1 — CamoxodHu suweuyesHu 6auyay pakema PC30 bM-21

In modern designs of launchers, for giving the projectile rotation, the
tubular guide is provided with a screw groove, and a leading pin is placed
on the body of the projectile. The disadvantage of the above and many
other design models is that they do not take into account the impact on
the movement of the projectile and the launcher interaction of the
projectile and the guide launcher in a pair of pin-groove.

When determining the estimated area of dispersion of a series of
missiles launched from a mobile launcher, it is necessary to determine,
for each calculated elevation angle of the guideline, a reference or a
baseline trajectory obtained by simulating the launch of the projectile
from the central position of the guide package with its static equilibrium
and no fluctuations of the launcher. This condition leads to a
computational model of launching a projectile from a single tubular guide
rigidly connected to the base. Such a model can also be used to
determine calculated tabular corrections for changes in the ballistic and
meteorological conditions of the launch.

Unlike traditional methods for calculating the interaction force
between a projectile and a tubular guide using differentiated coupling
equations (Svetlickij, 1986), (Somoiag et al, 2007, pp.95-97), (Shyiko,
2014, pp.47-51), the normal reaction force of the inner surface of a guide
pipe can be viewed as a reaction to the elastic deformation of the pipe
caused by projectile support points normal to the inner surface of the
pipe. at the point of contact with the guide (Bogomolov, 2003, pp.207-
208). Such a computational model of the dynamic response of the tubular
guide allows us to directly associate the resulting reaction with the
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translational and rotational components of the displacement of the
projectile relative to the guide tube, which greatly simplifies the
calculation of this force in the numerical integration of the equations of
motion.

Purpose of the research

The purpose of the research was to develop computational and
mathematical model of the spatial motion of a rocket with centering piles
and a leading pin on the body in an elastic thin-walled tubular guide fixed
on rigidly fixed base supports and equipped with a screw groove that
take into account the interaction of the projectile with the inner surface of
the guide rail at the locations of the leading pin and centering projectile
thickening. The aim was also to calculate the values of angles and
angular velocities of the projectile when departing from the guide, using
the characteristics of the elastic properties of the guide.

Presentation of the main material

We consider the movement of a jet projectile with centering bulges
in a pliable elastic tubular guide which has an inclined helical groove for
the driving pin on the projectile body, and we obtain the differential
equations of the projectilie motion after the exit of the penultimate
centering bulge from the guide tube. To do this, we introduce the
necessary coordinate systems and angles that determine their mutual
positions (Fig. 2):

- an immovable coordinate system CX.¥nZ: permanently
connected with the guide, the origin of which is in the initial position of the
projectile center of mass, and the axis xn of which coincides with the
longitudinal axis of the guide tube — the launch coordinate system,

- afixed coordinate system C'xyz, the origin of which is in the initial
position of the projectile center of mass - the starting coordinate system,

- the trajectory coordinate system CTNB with the beginning in the
projectile center of mass, the axis T of which coincides with the velocity
vector of the center of mass,

- the velocity coordinate system Cx,Yy.z, with the origin at the center
of mass, the ya axis of which coincides with the velocity vector of the
center of mass, and

- the semi-connected coordinate system C(En, which is always
connected with the projectile, does not participate in the projectile
rotation around the longitudinal axis and the beginning of which is in the
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projectile center of mass, and the axis { coincides with the projectile
longitudinal axis.
The forces acting on the projectile (Fig. 2) are: the reactive force

p(t), the force of gravity mg, the normal reaction R of the pipe surface

at the reference point "A", the friction force F, at the reference point

associated with the movement of the projectile along the guide and equal
to ‘R, where f is the coefficient of friction between the surface of the
projectile and the surface of the tubular guide, the normal reaction of the

screw groove N(t), and the friction force between the drive pin and the

side surface of the screw groove, equal to KN  where p is the
coefficient of friction between the drive pin and the side surface of the
screw groove. Since the projectile has a forced rotation by means of a

screw groove and a pin, the circumferential tangential friction force FT,

between the body of the projectile and the guide is added to the acting
forces.

Figure 2 — Coordinate systems and angles that determine their mutual positions on the
site of the spatial movement of the projectile in a tubular guide
Puc. 2 — Cucmembl KoopduHam u yenbl, ornpedenisouue Ux 83aUMHOE MOIOXEHUE Ha
ydacmke npocmpaHcmeeHHo20 08UXXKeHUs1 cHapsida 8 mpyb4yamol Hanpasnsouel
Cnuka 2 — KoopduHamHu cucmemu u yarosu Koju odpehyjy Huxoe mehycobHu nomnoxaj
Ha Mecmy nPOCMOpPHO2 Kpemaka npojekmuria y JlaHCUpHoj yesu
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The tubular guide is a thin-walled structure that provides the
necessary rigidity and strength with a relatively light weight. From the
standpoint of continuum mechanics, the guide can be considered as a
thin-walled shell placed on supports elastic with respect to transverse
displacements, rigidly attached to the base and loaded from the inside by
sliding pressure forces of the projectile support belts (Bogomolov, 2003,
pp.207-208). When calculating the deflections of such a shell from the
action of the radial force applied from the inside of the shell at different
points forming the inner surface of the shell, we find the values of the
coefficient of radial stiffness of the tubular guide along its length.

Figure 3 — Finite-element model of a tubular guide, modeled by the ANSYS finite-
element analysis software package
Puc. 3 — KoHeyHo-anemeHmHas modesnb mpybyamol Harnpasnsouwed,
cmodeniuposaHHasi rpoepamMMHbIM MaKkemom KOHe4YHO-3rieMeHmHo20 aHanuza ANSYS
Cnuka 3 — Moden koHa4yHUX enlemMeHama faHcupHe uesu, modesiosaH nomohy ANSYS
coghmeepcKoe nakema ca KOHa4yHUM efieMeHmuma

To calculate the values of the stiffness coefficient in this work, we
used the ANSYS Mechanical software product which analyzes the
stress-strain state of the shell structure in which it is performed in a finite
element analysis package. The finite element model of the guide, which
includes the pipe and fragments of the bearing diaphragms of the guide
package, is shown in Fig. 3.

Fig. 4 shows the result of a further approximation of the calculated
tabulated deflection function & from the action of the radial force P = 647
N at the point of application of force with the aim of smoothing it by a 7th
degree polynomial by the least squares method.The coefficient C of the
radial stiffness of the tubular guide at the point of force application is
determined by dividing the magnitude of the applied force by the value of
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the radial displacement of the inner surface of the pipe at the point of
application of force.

0, mm

0,3 =

0,1+

1.6

(5]
!\J
B
(=]
oo

Figure 4 — Approximation of the results of calculating the values of radial elastic
displacements & from the action of the radial force P = 647 N in the place of application of
the force by a polynomial of the 7th degree
Puc. 4 — Annpokcumayus pe3ynbmamoes pacdema 3HadyeHul paduarbHbiX yrpyaux
nepemeuw,eHuli & om delicmeusi paduarnbHou cusibl P=647 H 8 Mecme npumnoxeHusi cusibl
nonauHoMom 7-oli cmeneHu
Cnuka 4 — lNpubnuxHu pe3ynmamu npopavyHa epedHocmu padujanHux eaacmuyHuUx
rniomaka & 00 degjcmea padujanHe cune P = 647 H Ha mecmy npumeHe cusie rnosiuHoOMoM
7. cmeneHa

The projection, magnitude and direction of the vector p (Fig. 5) of

the radial displacement of the axis of the projectile relative to the axis of
the pipe in the plane of the cross section of the pipe containing the point
“A” of the contact of the projectile with the pipe, on the axis of the launch
system C'x,y,z, , the axis of which x, coincides with the longitudinal axis

of the projectile, are defined using the generalized coordinates of the
shell as follows:

py:yn_un'Ln s Pty (1)

p=ypy+p7; tgﬂ:pz/_py) (2)

where y, ,z, are the coordinates of the center of mass of the projectile
in the launch coordinate system C'x,y,z,; L, is the distance from the
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center of mass to the beginning of the last centering thickening; and
y,,u, are the angles that determine the position of the axis of the
projectile relative to the axes of the launch system C'x,y,z,. The value
of the elastic reaction:

R=C-6 , S=p-A>0, (3)

where &6 is the value of the elastic deformation of the guide tube at the
point of contact of the centering thickening with the pipe, and A is the
value of the technological radial clearance between the centering
thickening on the projectile shell and the inner surface of the guide tube.
Y, A

Figure 5 — Elastic response of the tubular guide to the pressure of the centering
protrusion of the projectile
Puc. 5 — Ynpyeas peakuyus mpyb4amol Hanpaensouweli Ha 0asreHue yeHmpupyrouiezo
rnosicka cHapsida
Cnuka 5 — EnacmuyHa peakuuja naHCcuUpHe yesu Ha npumucak ueHmpupajyhee rnojaca
npojekmurna

The projections of the elastic reaction of the guide tube R on the
axis of the launch coordinate system C'x,y,z, are respectively equal to:

R, =0; Ry=—R-,0y/p; Rz:_R'pz/p- (4)
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Fig.6 presents the calculated values of the elastic reaction R of the
guide at the contact point along the length of the spatial motion section of
the M-210F type missile inside the tubular guide with a helical groove
like the guide of the BM-21 mobile launcher at various elevation angles
By of the tube guide. The estimated wall thickness of the guide tube is
h =2.0 mm. The guide length is adopted to be L = 3.0 m. Fig. 7 shows
the calculated change in the force R in the initial portion of the spatial
motion of the projectile in the pipe.

It can be seen that, regardless of the specified initial elastic
deformation of the guide tube, the force R converges quickly enough to a
single calculated dependence. The length of the installation area is about
3 mm. Short-term calculated fluctuations in the elastic deformation of the
pipe and the force R in the end do not affect the nature of the calculated
dependences for the quantities characterizing the projectile movement.

R, N
1600

1200

800 e

400

2 2.2 2.4 2.6 2.8 3
X, m

Figure 6 — Calculated values of the reaction R of the guide at the point of contact along
the length of the section x of the spatial movement of the projectile at different elevation
angles 6, of the tubular guide: 1— 6y =19°4’ 2 -6, = 33°3" 3 — 6,=45°46".

Puc. 6 — PacuemHble 3Ha4deHuUs1 peakuyuu R Hanpasnsouwel 8 moyke KOHmakma ro
OruHe ydacmka X rpocmpaHCcmeeHHo20 d8UXeHUs cHapsada npu pasfuyHbIx yanax 6o
8038bllWeHUs mpybyamol Hanpaensowel: 1— 6y =1 904’; 2—-6p= 33036; 3-6y =45%46".
Cnuka 6 — U3padyyHame spedHocmu peakuyuje P naHcupHe uesu y mayku KoHmakma 0yx
ceameHma X MpocmopHo2 Kpemarba npojekmuria Ha pasnuqumum yenoeuma enesauuje
0o naHcupHe uesu: 1— 6, =194 2 — 6, = 33°36; 3 — 6, = 45°46".
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Figure 7 — Calculated reaction values R of the guide along the length x of the initial part of
the spatial motion of the projectile at 6, = 33°36" and different initial values of the
deformation of the guide tube at the point of contact: 1 - no deformation; 2 - deformation
on a force equal to the projectile weight.

Puc. 7 — Pac4yemHbie 3HadyeHuUs1 peakyuu R Hanpasnsrowel no 0/1uHe X Ha4aribHO20
y4Jacmka rnpocmpaHcmeeHHo20 08UXXeHUs1 cHapsida npu 6o =33°36" u pasnuyHbIX
HayaslbHbIX 3Ha4YeHuUsIx dechopmayuu mpybel Hanpasnsauwel 8 mo4yke KoHmakma: 1—
deghopmauyusi omcymemsyem; 2— Oeghopmayusi om cusibl pagHol 8ecy cHapsoa.
Cnuka 7 — UspadyyHame gpedHocmu peakyuje P eoduwma Oyx AyxuHe X noyemHoe
deria NpocmopHo2 Kpemakba rpojekmurna Ha 6y = 33°36'u pasnuqume noyemHe
8pedHocmu Oeghopmayuje naHcupHe yesu y mauku dodupa: 1 — Hema deghopmayuje; 2 —
dechopmayuja 00 cune Koja je jeOHaka mexxuHU rpojekmurna.

The normal dynamic reaction force of the screw groove is found by
the dependence (Bogomolov, 2003, pp.81-82):

N(t)=k;-P(t)=k;-Q, (5)

where k;,k, are the coefficients depending on the angle of inclination of
the screw groove o, the coefficient of friction f of the projectile on the
guide, the angle 6, of inclination of the guide; projectile mass mg; and
moment of inertia | of the projectile relative to the longitudinal axis.
The total projections of the force N(t)and the friction force of the
screw groove on the axis of the launch coordinate system C'x,y,z, in

the corresponding designations Nx, Ny, Nz are
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N, (t)=-N(t) - (sinapg+pu-cosay).
N, ()==N(t)-(cosoy — u-sinay)-sing,. (6)
N, (t)=N(t)-(cosay—pu-sinag)- cose,.

where @, is the angular coordinate of the groove (Fig. 5).

The differential equations of motion of the center of mass of the
projectile in a fixed launch coordinate system C'x,y,z, and in the

projections on the axis of the CTNB trajectory system are given at the
end of the article together with the equations of rotational motion of the
projectile relative to the center of mass in a single system of equations
(14).

To compile the equations of the rotational motion of the projectile
relative to the center of mass, we use the Lagrange equations of the 2nd
kind in the generalized coordinates:

)= (7)
l 1

The generalized coordinates of the rotational motion of the projectile
relative to the center of mass in the coordinate system Cx'y’z’, which
moves progressively with the center of mass of the projectile and whose
axes are parallel to the axes of the starting system C'xyz, which has a
start in the initial position of the center of mass of the projectile, are the
angles ¥ and 6 which determine the direction of the tangent to the
trajectory of the center of mass, the angles o and  which determine the
direction of the projectile axis with respect to the tangent, and the angle ¢
of the projectile rotation around the longitudinal axis.

When considering the motion of a projectile with respect to its center
of mass, we take into account only the kinetic energy of this movement,
not taking into account the energy of translational motion. In this case:

T=é-(A-p2+B-q2+C-r2), (8)

where A, B and C are the moments of inertia of the projectile relative
to the main central axes of inertia, which are the axes of the semi-
connected system C{n(, which does not take part in the rotation of the
projectile around its longitudinal axis ¢ (Fig. 2), p, q, and r are the
projections of the instantaneous angular velocity vector of the projectile
on these axes.
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Figure 8 — Calculated values of the reaction force of the screw groove N and its
projections on the axes of the starting coordinate system, as well as the yaw velocity
angle Y along the length x of the spatial movement of the projectile at different elevation
angles 6, of the tubular guide: 1— 6, =19°4": 2 — 6, = 33°36": 3 — 6, =45°46".

Puc. 8 — PacuemHble 3Ha4deHUs cuslbl peakyuu suHmoegozo nasa N u e2o npoekyud Ha
ocu r1yckosol cucmemMbl KOopOUHam, a makXxe CKOPOCMHO20 yena pbickaHus Y no
OruHe y4acmka X rnpocmpaHCcmeeHH020 08UXEHUST CHapsida rnpu pasiuYdHbIX yenax 6
8038bIlWEHUs] mMpy6Yamoll Hanpasnsiowel: 1 — 6, =19°4% 2 — 6, = 33°36% 3 — 6, =45°46".
Cnuka 8 — lNpopayyHame epedHocmu cuine peakyuje criupanHoe eujka N u heHux
npojekyuja Ha ocu cmapmHoa KoopOuHamHoe cucmema, Kao U y2ao ckpemara bp3uHe
Y Oy ceemeHma x npocmopHOe Kpemakrba Mpojekmuria Ha pa3nudumum yernosuma
enesayuje 6y naHcupHe yesu: 1—6p = 1904’,' 2—-6p= 33036’,' 3- 6, = 45%46’,

The components of the angular velocity of the projectile will be
considered as the angular velocity associated with the rotation of the axis
of the projectile and its own rotation. We obtain the instantaneous
angular velocity of the projectile by sequentially adding the angular

velocities of the trajectory system relative to the starting (¥ +6), the

velocity system relative to the half-connected system (&+[§), and the
angular velocity of its own rotation ¢ (Fig. 2). In this way:

f)=¥7’+0?+075+,87+(}3. (9)
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Figure 9 — Calculated values of the pitch angle u and the yaw angle y of the axis of the
projectile along the length x of the spatial movement at different elevation angles 6y of the
tubular guide: 1 — 6, =19°4’ 2 — 6, = 33°36"; 3 — 6, =45°46".

Puc. 9 — PacuemHble 3HayeHUsi yana maHeaaxa v U yara pbicKaHus Y ocu cHapsida no
OnuHe yyacmka X IpocmpaHCmMa8eHHO20 08UXEHUS MPU pasiuyHbIx yenax 6y
8038bIWeHUs mpybyamou Hanpasnsowel: 1 — 6y =1 904’; 2—6p= 33036’; 3 -6, =45%46".
Cnuka 9 — MspayyHame epedHocmu yena Hazuba v U yana y ckpemarba 0CO8UHE
npojekmurna Oyx QyXKUHEe X MPOCMOPHO2 Kpemarba Ha pasfudumum yarnosuma enesayuje
0o naHcupHe uesu: 1— 6, = 19°4 2 — 6, = 33°367; 3 - 0, = 45°46".

Summing up the projections of the components of the angular
velocity, we will get:

p=12 =l/'/-cos(9+a)+,b"+9-7/a;
q=12, :l/'/-sing-ﬂ—l//-cosﬁ-ya+¢9+d,‘
r=Qp =y -sin(0+a)+p-0-p+p-a. (10)

Substituting (10) into the expression for the kinetic energy of the
projectile (8) and calculating the derivatives of the kinetic energy of the
projectile according to the corresponding generalized coordinates and
velocities in the Lagrange equations (7), we obtain differential equations
of the rotational motion of the projectile in the tubular guide for the angles
of attack a and slip B which are given below together with the equations
of motion of the center of mass. The differential equations for the velocity
angles W and O are obtained by writing the equations of motion of the
center of mass on the axis of the trajectory coordinate system. The
aerodynamic angle of heel ya of the transition from the trajectory
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coordinate system to the velocity coordinate system is determined from
kinematic considerations. For this, we consider the transition matrices
from the starting to the trajectory coordinate system, from the trajectory
to the velocity coordinate system, and from the velocity to the semi-linked
coordinate system, as well as the matrix of the direct transition from the
starting to the semi-linked coordinate system. Multiplying successively
the first three matrices and equating the corresponding elements of the
obtained matrix and the direct transition matrix, we will get:

cos f3-cos O

The time derivative of the aerodynamic angle of heel ﬁ/a, which is

included in the equations of rotational motion of the projectile, is found by
differentiating in time (11):

7q=1/cosy, -[tg@/cosz ﬂ-,Bthgﬂ/cosz 9-6} (12)

The angle of rotation of the projectile ¢, the speed ¢ and the
acceleration ¢ of its rotation are easily found from kinematic

considerations and are determined by the angle of inclination of the
screw groove. The yaw angle Wn and the pitch angle 6n of the velocity
vector of the center of mass of the projectile in the launch coordinate
system are determined by integrating the equations of motion of the
center of mass into the projections on the axis of this coordinate system.
The yaw angle W and the pitch angle 8 of the velocity vector of the center
of mass of the projectile in the starting coordinate system are determined
by integrating the equations of motion of the center of mass into the
projections on the axis of the trajectory coordinate system.

The yaw y, and pitch u, angles which determine the position of the
projectile axis in the launch coordinate system C'x,y,z, are necessary

for calculations by dependences (2), (3) of the pipe elastic reaction force,
which are calculated by the angles ¥, ,0,,¥,6,0,3. For this, the matrix

of the guide cosines between the axes of the launch C'x,y,z, and the
semi-connected CC&n coordinate systems is determined by successive

transitions from the launch to the trajectory system by turns at the angles
W, and 6, from the trajectory to the velocity coordinate system by
rotation at the angle y,, from the velocity to the semi-connected system
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by turns at the angles B and a and its elements are equated to the
elements of the matrix of the direct transition from the launcher to the
semi-connected system by turns at the angles yn and u,,.
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Figure 10 — Calculated values of the angle of attack a and the angle of slip 8 of the
projectile along the length of the section x of spatial motion at different elevation angles 6,
of the tubular guide: 1 — 6, =19°4’; 2 — 6, = 33°36"; 3 — 6, =45°46".

Puc. 10 — PacyemHble 3Ha4YeHUs yera amaku o U yana CKonbxeHusi B cHapsida ro OnuHe
yyacmka X npocmpaHcmeeHHO20 08UXEHUST PU pasuydHbIX yernax 0y 8036bIEHUS
mpy6yamol Hanpasnsowel: 1— 6y =1 904’; 2—-6p= 33036’,' 3 -6y =45%46".

Cnuka 10 — UspayyHame speOHOCmU HanalHoe yana a u yana knusara B npojekmura
Oy OyXKUHe npeceka X NPOCMOPHO2 Kpemarba Ha pasnuyumum yernosuma enesayuje 6y
naHcupHe yesu: 1— 0 = 19°4 2 - 6, = 33°36”; 3 - 6, = 45°46’.

If the generalized coordinate is the rotation angle, then the
generalized force in equation (7) is the projection of the acting moment
onto the axis of the elementary rotation. In this case:

Qa:MazMn’ Qﬂ:Mﬂ:Mya’ (13)
where M, is the moment of forces acting on the projectile relative to

the axis of rotation by an angle a (axis n in Fig. 2), and Mg is the moment

of acting forces relative to the axis of rotation by an angle B(axis y. in
Fig.2).
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By writing the equations of motion of the center of mass of the
projectile in the projections on the axis of the launch C'x,y,z, and

trajectory CTNB coordinate systems and adding to them the equations of
rotational motion of the projectile relative to the center of mass in the
form (7), we obtain the following system of equations which corresponds
to the spatial motion of the projectile in the tubular guide:

1)y == [P(t)~(mg-cos O Ny (1))-f -

-mg-sin@y+N,(t)+ Ry, [,

Lo
2).y, =E-[—mg-cos@0 +Ny(t)+R2y];

3).2, =L (N.(1)+ Ry.):
m

4).V =3F /m;

5).0=3Fy/(m-V);
6)y==—2Fg/(m-V-cos@),

7). B-Gi+(4-C)-[¥7° -sin(0+a)-cos(0+a )+

. . . (14)
+-Besin(0+a)] —H-[¥-cos(0+a)+B|=M,;

8). A-f+A-[~F-0-sin(0+a)+0-7, |-
—B'|:¥./2'Sil’lﬂ'COSﬂ"f‘y}'COSﬂ‘(9+d):|+
+C-[¥-d-sin(O+a)+¥-0-sin0+
+p-(0+d)+p-a-07-B]=M,

The total vector of moments acting on the projectile forces relative to
its center of mass is written as follows:

Mc=a’4x]_éz+§<’x[\?z, (15)

where Ry =R+F, +F, represents the vector sum of the forces

applied at the reference point "A", and Ny =N(t)+F,, is the vector sum
of the forces applied to the projectile pin at the point “K” (Fig. 2). The
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projections of this vector on the direction of the n and y, axes give the
moment values Myand M, .
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Figure 11 — Calculated values of the angle A of the contact of the projectile with the guide
(Fig. 5) along the length of the section x spatial movement with a slope angle of of the
screw 2.5° and the initial angular coordinate of the screw groove @no= 1 5° (left) and @no =
30° (right): 1-6p=19°4 " 2-0, = 33°36 " 3 - 6, = 45°46 ",

Puc. 11 — PacyemHble 3Ha4deHusi yena A KoHmakma cHapsi0a ¢ Hanpasnsouwel gauc. 5)
1o OnuHe yyacmka X npocmpaHCmMeeHHO20 08UXEHUSI C y2I0M Hak/ioHa 2.5~ u
HayvarnbHoU yero8ol KoopOuHamoU 8UHMOB020 rnasa Qno =1 5° (cnesa) u @no =30°
(cripasa):1— 6, =19°4 2 — 6, = 33°36"; 3 - 0, =45°46".

Cnuka 11 — UspadyHame epedHocmu yana A KOHmakma rnpojekmursna ca soouwmem (ci.
5) Ayx OyxuHe npeceka X MPOCMOPHO2 Kpemarba ca yariomM Hazuba 2, 5° u noyemom
y2aoHoOM KoopduHamom criupanHoz eujka Qo = 15° (neso) u @no = 30° (0ecHo):1 — 6p =
19°4 % 2-6,=33°36 " 3— 6= 4546 "

As a result of the numerical solution of the system of differential
equations (14), we find the values of the velocity of the center of mass of
the projectile V, the angles W and 8, which determine the direction of the
velocity vector of the center of mass in the starting coordinate system,
the angles a and B, which determine the direction of the axis of the
projectile with respect to the velocity vector, as well as the numerical
values of the components of the angular velocity of the projectile

‘i’, é&B (Fig. 2). Since the spatial orientation of the projectile axis in the

starting coordinate system is determined by the angles y and u (Fig. 2)
when calculating the parameters of the projectile trajectory, then, by
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converting the coordinates, the obtained angles are recalculated by y
and u.

The instantaneous angular velocity of the projectile is determined by
dependence (7). On the other hand, this angular velocity

Q=y+0+¢ (16)
Equating the right-hand sides of (7) and (14), we will obtain
Gro=Y+0+a+p (17)

By writing, using the transition tables, (17) in the projections on the
axis of the rotation angles y and u, which are the y’ and n axes, (Fig. 2),
we obtain, respectively:

(/)=5’7+,B-cosya-cos@; V=0-cosy, cosf+d (18)

In Figs. 9 - 11, the results of the calculations of the movement of an
M-210F missile inside the tube guide of a BM-21 mobile launcher are
presented. In Fig. 8, the left side shows the calculated values of the
reaction force of the screw groove N and its projections N, Ny, and N, on
the axis of the launch coordinate system C'x,y,z, along the length of

the spatial motion of the projectile at an elevation angle of the tubular
guide 6, = 33°36’. The calculated values of the angle A of the contact of
the projectile with the guide according to Fig. 5 are given in Fig. 11. The
content of the remaining figures can be seen from the figure captions.

Conclusions

1) A computational and mathematical model of the spatial motion of
a rocket with centering thickenings and a leading pin on the housing in an
elastic thin-walled tubular guide provided with a screw groove on the
fixed supports is developed, taking into account the interaction of the
projectile with the inner surface of the guide tube at the locations of the
leading pin and centering thickenings of the projectile.

2) The force of the normal reaction of the inner surface of the guide
acting on the projectile is found as a reaction to the elastic deformation of
the pipe caused by normal center-of-center displacements of the tube in
contact with the guide. In this case, the tubular guide is considered as an
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elastic thin-walled shell. To calculate the values of the shell stiffness
coefficient along its length, the finite element method implemented in the
ANSYS Mechanical software package was used.

3) The generalized parameters of the rotational motion of the
projectile are the yaw velocity angles ¥ and pitch 6, the angle of attack a
and the slip angle B3, as well as the rotation angle around the longitudinal
axis @. The time derivatives of the yaw velocity angles W and pitch 6 are
determined by writing a theorem on the motion of the center of mass of
the projectile on the axis of the trajectory coordinate system CTNB and
are taken as components of the angular velocity of the projectile. the
generalized calculated parameters of the rotational motion are the angle
of attack a and the slip angle B, as well as the rotation angle around the
longitudinal axis ¢. The aerodynamic angle of heel y, is found from the
transition formulas for the adopted coordinate systems. The yaw velocity
angles W, pitch 6, the aerodynamic roll angle y,, the angle of attack a
and the slip angle B as well as the first time derivatives of these angles
are converted into the yaw angles w and pitch u of the projectile axis and
their derivatives in the starting coordinate system.

4) The results of the calculations of the above angles, as well as the
forces on the pin and at the point of contact of the projectile with the
guide, are presented.
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MOJENPOBAHUE ABMXXEHUA PEAKTVBHOIO CHAPSALA B
TPYBYATOW HATIPABNAIOLWEN MYCKOBOW YCTAHOBKW

AnekcaHdp H. LWuiko, koppecnoHaeHT , AHamonuti M. MNasnioyeHko?,

Anekced A. O6yx0|36, MUzopbk B. Konnbik®

@ HauuoHanbHbI arpapHbii yHusepcuteT, CyMbl, YkpanHa

e Hay4Ho-uccnepoBaTenbCckuid LEHTP PaKeTHbIX BOWICK U apTUInepum,
Cymbl, YkpauHa

® FocyaapcTeeHHbIN yHuBepeuTeT, CyMbl, YkpanHa

PYBPUKA TPHTW: 78.25.16 BoopyxeHne 1 TeXHWKa pakeTHbIX BOWCK;
78.25.17 BoopyxeHue n TexHuka Bovick NBO

BWO CTATbW: opurmHanbHasa HayyYHas ctaTbsl

A3bIK CTATbW: aHrnuinckmn

Pe3some:

B QanHol cmambe npedcmaeneHbl pacdemHass U Mamemamu4yeckasi
modeniu  NpocCMpPaHCMBEeHHO020 O8UXeHUsI peakmueHo20 CHapsida ¢
UEHMPUPYOWUMU YMOMUWEHUsIMU U 8e0yWumM wmudbimoM Ha Kopriyce 8
MmoHKocmeHHoU mpybdamol Hanpaensouwlel, 3akperieHHolu Ha d8yx
HernoOs8WXHbIX oropax U cHabxeHHoU euHmosbiM rna3oMm. Modenu
yqumsigarom g3aumodeticmeue cHapsida ¢ 8HymMpeHHel rno8epxHoCmMbto
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mpy6bl Hanpaesrnsowel 8 Mecmax pasmMeweHuss sedywezo wmugpma u
ueHmpupyrouwueeo  ymonueHus.  Cuma  HopmarnbHOU  peakyuu
8HympeHHel Mo8epxHOCMU Harpasrnsiowel Haxo0umcs Kak peakuyusi Ha
ynpyeyto deghopmayuro mpybbl, ebi3gaHHasi HOpPMalbHbIMU K ee
B8HympeHHel  MoeepxHoCMU  nepeMeweHUs MU UeHmpUpyowezo
ymornuwieHuss 8 Mecme KoHmakma ¢ Hanpaenswouwel. [Npu amom
mpybyamasi  Hanpaenswasl  paccMampueaemcs  Kak  yrnpyaasi
moHKocmeHHasi obornouka. s pacdema 3HadeHul KoaghgbuuyueHma
Jxecmkocmu 060s104KU 110 ee OrUHEe UCTOMb3yemcss Memod KOHEYHbIX
arleMeHmMos, pearnu3osaHHbil 8 rnakeme rpoepamm ANSYS Mechanical.
lMocmynamernbHas cocmaensrouast d8uxxeHusi cHapsida uccriedyemcs Ha
OCHOBaHUU meopeMbl O O08UXeHUU ueHmpa macc. BpawamernbHas
cocmaensrwas uccredyemcs Ha OCHo8aHUU ypasHeHul JlagpaHxa 2-20
poda. O606WeHHbIMU Mapamempamu  spawiamesibHo20 O8LXKEHUS
S6/15H0MCS CKOPOCMHbIE Yeribl pbickaHusi W u maHaaxa 6, yeos amaku a,
Y2011 CKOIbXXeHUs 3, 201 nogopoma cHapsida 80Kpya rpodosibHOU ocu .
AspoduHamuyeckuli y2ors1 KpeHa Y, Haxooumcsi u3 ¢popmyr nepexoda 0nsi
MpuHaMbIX cucmeMm KoopOuHam. CKOpOCMHble Yeribl pbickaHus Y,
maHeaxa 6, aspoOuHaMuYecKUll yeorn KpeHa Y, U repsble npou3800HbIe
M0 8peMeHU 3Mmux ya/108 Mepecyumbi8aomcs 8 yafibl pbiCKaHusl Y U
maH2a)xka U ocu cHapsida u ux rMpou3sodHble 8 cmapmosol cucmeme
koopOuHam. [IpusedeHbl  pe3ysibmambi  pac4yemos  HEeKOmMopbIX
yKasaHHbIX 6bile yerios, a makxke Cuf Ha wmughme U 8 IMOYKe
KOHMaxkma cHapsida ¢ Harnpassowed.

Knrouesbie criosa: peakmusHbill CHapsid, MycKosasl ycmaHoeka,
ynpyeasi Modesib, mpybyamasi Harnpassnsowas, npocmpaHcmeeHHbIl
ydacmok 08U)XeHusi, cuna e83aumodelcmeusi, yellbl 8eKmopa,
CKOpOCMU ueHmpa macc, yaribl ocu cHapsioa.

MOIOENNPAHE KPETAHA NMPOJEKTUIA Y TAHCUPHOJ LIEBU

AnekcaHdap H. lujko, ayTop 3a npenucky?®, AHamoruj M. MNaerby4eHko’,

Anekcej A. Obyxos’, Mzop B. Konnuk®

@ HauuoHanHm norbonpuepeaHn yHueepauteT, Cymu, YkpajuHa

o Hay4HoncTpaxuBayku LieHTap apTUrbepujcko-pakeTHNX jeamHnua,
Cymu, YkpajuHa

® OpxaBHu yHuBepanteT, Cymu, YkpajuHa

OBJIACT: MexaHuka, apTUIbepUjCKO-pPaKETHO HaopyXahe
BPCTA UJTIAHKA: opyruHanHu Hay4Hu pag
JE3UK YJTIAHKA: eHrnecku

Caxemak:

Y osom pady cy npedcmasrbeHuU npopaYvyHCKU U Mamemamuyku mMooesu
poCcmMopHo2 Kpemarba npojekmurna ca ueHmpupajyhum rpcmeHoMm u
800ehumM npcmeHOM Ha mesly y maHKO3UOHOj JTaHCUPHOj uesu, Koja je
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¢ukcupaHa 3a dea cmabusiHa Hocada U orpeMrbeHa CriupanaHUM eUjKOM.
lMpunukom modenosar-a y3uma ce y 063up uHmepakyuja rnpojekmuria ca
YHYmMpawH0M [08PUUHOM JIaHCUPHE uesu y MecmuMa KOHmakma
ueHmpupajyhee npcmeHa ca eoduwmem ueeu. Cuna HopmasiHe
peakuuje yHympawHe MospliUHe JTaHCUPHE uesu ce u3padyHasea Kao
peakuuja Ha ernacmuyHy Oechopmayujy ueeu Koja je u3a3eaHa
yobuuajeHuM riomepar-em yeHmpupajyhee npcmeHa y mecmy KoHmaxkma
ca eoduwmem JlaHCUpHe uesu. Y 080M cilyyajy eoduwme JiaHCUpHEe
yesu ce pasmampa Kao enacmuyHa madkosuda yvaypa. Y uurby
rpopayyHa epedHocmu KoeguuyujeHma Kpymocmu 4daype, Kopucmu ce
Memoda KOHauyHUX efleMeHama, UMrieMeHmupaHa y coghmeepcKom
nakemy ANSYS Mechanical. TpaHcnauyuoHa KOMMOHEHMa Kpemarba
npojekmuna ucmpaxyje ce Ha OCHosy meopeme cpeduwima Kpemara
mace, a pomauyuoHa KOMroHeHma Ha ocHosy JlaepaHaeosux jedHa4duHa
Opyee epcme. [eHepanusoeaHU napamMempu pomayuoHo2 Kpemarba cy
yarosu okpemarsa 6p3uHe YW u sucuHe 0, yeao Hanada q, y2ao Knu3ara
B u yzao pomauuje npojekmusia 0KO y30yxHe oce @. AepoOuHamuyKu
yeao Hazuba y, ce uspadyHaea U3 fpenasHux ¢hopmyrna 3a yceojeHe
KoopOuHamHe cucmeme. Yeao ckpemara 6p3uHe Y, eucuHe 6,
aepoluHamMuyku yeao Hazuba y, U npsu Oepusamu 08UX yarioea
rpemeapajy ce y yarnoee CKpemara W U 8UCUHE U Oce fpojekmuria u
HUXxog8e Oepusame y NMOYEmMHOM KOOpOUHamHoOM cucmemy. Y pady cy
makolje npukasaHu pesynmamu ripopadyHa Hekux 00 HagedeHuX yarioaa,
Kao u ymuuaj cune Ha yeHmpupyjyhu npcmeH y mecmy KOHmakma
rpojekmurna ca 800UWIMEM NTaHCUPHE Uesu.

Krby4yHe peyu: pakemHu rpojekmursi, MOKpemHu siaHcep, efacmuydHu
moles, JlaHCUupHa Uee, [POCMOPHU [peceKk Kpemarba, cuse
UHmMepakuyuje, yernosu e6ekmopa, bp3uHe uyeHmpa mace, yarnosu
0COo8UHe rpojekmurna.
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Abstract:

Evacuation presents a very complex and difficult task that implies the
safest, shortest and fastest convoying of people, animals and material
resources from an endangered object or location to a secure location.
Different objects, different locations and different scenarios demand
different evacuation strategies. One of very specific objects for evacuation
is a road traffic tunnel. Because of the presence of a number of vehicles
and people within limited space, road traffic tunnel evacuation can be an
extremely unpredictable and dangerous task, which has already been
confirmed by many accidents. There are also other aggravating
circumstances such as tunnel length, fast spreading of smoke (especially
of CO, — carbon dioxide and CO- carbon monoxide) and fire in closed
areas, limited options for approach to the accident place and many others,
very often impossible fo predict. One of very good, economical and safe
ways for the prediction and analysis of evacuation situations and
scenarios is the usage of simulation software. This paper has been written
to show a simulation of evacuation from the road traffic tunnel at Terazije
in Belgrade for different scenarios and for different speeds of participants.

Key words: evacuation, simulation, tunnel, traffic.

Introduction

Tunnels are underground or underwater (undersea) objects with
both sides opened horizontally or with a slight gradient, designed for road
traffic, railway traffic, water supply, etc. Depending on different factors
(their position related to the ground, structure, applied building method,
purpose, etc.), there are several different criteria to categorize tunnels.
Their main purpose is to connect two different parts of the road
separated by different obstacles. Modern tunnels for road traffic present
real technological miracles equipped with the latest structural, electro
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technical, ecological and other solutions. They are equipped with modern
light signalization, air and ventilation devices, sensors and detectors,
cameras and a lot of other equipment that make drive through them
simple, comfortable and, in the first place, safe. Many tunnels were built
in a form of two “pipes”, for traffic in both directions. In case of an
accident, there are connection points where the traffic from the “pipe”
where the accident occurred can be directed into the other “pipe”. It is
obvious that modern technology with its solutions increases safety in
tunnels. The interior of a modern road traffic tunnel is presented in Figure
1 (Jevti¢, 2014, pp.537-541), (Jevti¢, 2016a, pp.754-768), (Jevti¢, 2017,
pp.98-114), (Grgi¢, 2008).

Figure 1 — The interior of a new road traffic tunnel on the Ljig-Preljina highway in Serbia
(Radovic, 2016)
Puc. 1 — BHympeHHee o0b6ycmpolicmeo moHHernsi Ha asmomaaucmpanu flue-lpenuHa
Cepbuu (Radovic, 2016)
Cnuka 1 — YHympawH0cm Hog0e OpyMCKOe myHena Ha aymo-nymy Jbue—llpesbuHa y
Cpbuju (Radovic, 2016)

However, tunnel characteristics, the number of vehicles with
different dimensions, purposes and speeds, drivers’ skills and drivers’
health and psychological conditions, human behaviour during panic in
closed areas and many other different factors make it almost impossible
to completely eliminate accidents in tunnels. Many different sources state
that, since 1949, there have been 36 big accidents in road traffic tunnels,
31 of them in Europe. There were more than 200 slightly and seriously
injured in those accidents, while more than 100 people lost their lives,
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mostly from fire and gases. There were many calculations and
simulations but it is still hard to completely predict fire and smoke
behaviour in tunnels. Material damage was huge which was documented
by the fact that most of them were closed for a long time after the
accidents. Some examples of the biggest road traffic tunnel accidents are
the accidents in the Mont Blanc Tunnel (France) and the Tauern Tunnel
(Austria) in 1999, and in the St. Gotthard Tunnel (Switzerland) in 2001.
These road traffic tunnel accidents took about 62 human lives (39 in
Mont Blanc, 12 in Tauern and 11 in St. Gotthard), (Daeron & Ruffin,
2000). The longest tunnels are intended for railway, but there are a lot of
long tunnels for road traffic. The list of the longest road traffic tunnels is
presented in Table 1.
Table 1 — The longest road traffic tunnels in the world (Automagazin, 2011)

Tabnuya 1 — Camble OnuHHbIe a8MOJOPOXKHbIE MOHHeNU mupa (Automagazin, 2011)
Tabena 1 — Hajoyxu Opymcku myHenu Ha ceemy (Automagazin, 2011)

The name of the tunnel Location Length (km)
Duplex A86 France 9.98
Platbutsch Austria 9.98
Gran Sasso D'italia Italia 10.14
Hida Japan 10.78
Yamate Tunnel Japan 10.94
Kanetsu Japan 11.1
Folgefonn Norway 1.1
Baojiashan China 11.2
Gudvangen Norway 11.43
Mount Blanc France — Italia 11.6
Diaplingi Tunnel China 12.23
Frejus France-Switzerland 12.87
Hsuehshan Tunnel Taiwan 12.87
Arlberg Austria 14
St. Gotthard Tunnel Switzerland 16.9
Qinling Zhongnanshan Tunnel China 18.04
Laerdal Tunnel Norway 24.51
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The Terazije Tunnel represents one of the busiest traffic spots in
Belgrade where even the smallest traffic jam can bring a halt to the traffic
through most of Belgrade. Designed by Ljubomir Porfirovi¢ and Milosav
Vidakovi¢, the Terazije Tunnel in Belgrade was completed in 1973
through the building that had already existed in that location. It was a
building of the then-Union of Chambers of Commerce, the construction of
which lasted from 1957 to 1960. Since a tunnel had been planned before
World War Two, the space for the tunnel entrance had been left in the
building basement (Telegraf, 2013). In 1955, when architect Dimitrije T.
Leko proposed a plan for the City Hall, there was a tunnel at Terazije
clearly plotted in it (Nikoli¢, 2014).

The Terazije Tunnel has a length of 223 m, a width of 13 m and a
height of 55 m. It is of strategic importance for the city's traffic
functioning. Any kind of jam, accident or similar occurrence in it can
cause major problems in traffic frequency in all nearest streets as well as
in some streets further away. Many accidents, unfortunately, have shown
and proved its great traffic importance. For example, in the accident in
October 2015, there were 11 cars and a bus in a chain collision which
caused a jam for several hours (Blic, 2015). In an accident in 1997,
Spasoje Barisi¢ from Batajnica drove his Porsche at 192.4 km/h and
caused deaths of three young people while three others were seriously
injured. The direction ahead of and after the Branko's Bridge, the high-
performance car, and violation of traffic laws enabled reaching such high
speed. There were also cases with fire, as the one which occurred in
2013 when a Japan- donated city bus caught fire. Fortunately, there were
no victims. This tunnel is regularly maintained and in case of an accident,
traffic is mainly directed from De&anska street to the Branko's Bridge,
while vehicles coming from the Branko's Bridge are directed to
alternative streets. Soon after this fire, there was another one of a private
car, so these occurrences prompted questions about the Tunnel fire
safety and safety in public traffic. According to Ilvan Zarev, the then-Head
of Direction for Prevention of the Emergency Management Sector of the
Ministry of Interior of Serbia, many old objects built 30, 40 and more
years before had “receivership” right for fire protection. These objects
would probably not satisfy modern and stricter fire regulations. For
example, the Terazije Tunnel does not meet the basic requirements for
fire protection such as fire extinguishing devices, ventilation systems,
hydrant network, etc. (Pressonline, 2013).

The tunnel is available only for vehicles; for pedestrians, pass is not
allowed. Because of its location, the tunnel presents an important traffic
connection between the old part of the town and New Belgrade via
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Brankova street. The Terazije Tunnel is presented on the map in Figure 2
and everyday'’s situation in the tunnel is given in Figure 3.

WP P PN BN 7

BizLife
Restora s Mika Majestic
Bengrasd(g;aNnamD:; SRt Mikan Atera Business Suites (%) S Gar central
NOVI ZLA SHTEK, + B ziatara Stefanovic é
Smart & Grow Shop @ Dokut
centa
)

Vullh Gy Pharmaceutical

il Chamber of Serbia
Copy yentap &
&
c!

Tepasnjcn Tyren

Teraziisk

L)

= TpasenuHao
®  dmdrogerie markt d.o.o

N i tunel
British Council ™ i tun

Terazijski tunel

© 2que Travel
Hostel Goodnifat
e, Grooves

v Ben Axuba
= , Dominic Smart <
& i Hotel Balkan & Luxury Suites cel? %
TS0, ot ¢
Vila Terazije ) @  Oposihmen
Karuzo
Movi Magazi
Modern Business School &) O tioviMagezin
market Community By Kasina
i venac ) [ ] Commurity by Kasina
W BeHaL Terazijska Eesma Hotel Kasina
est@ a8 Hotel KASINA
= Terazije Theater
E = P MosopuwiTe
+ B [=NcS Te,?gl;rl‘éé“‘ [ ] va Tepasujama
— Lcef G Hotel Moskva
Google My Maps "

Figure 2 — Tunnel at Terazije, marked on the map of Belgrade
Puc. 2 — ToHHenb ,Tepasue®, o6o3HayeH Ha kapme benzpada
Cnuka 2 — Tepasujcku myHen o3HavyeH Ha kapmu beoepada

Figure 3 — Every day’s situation in the Terazije Tunnel
Puc. 3 — BydHu 8 moHHene ,, Tepa3ue”
Cniuka 3 — CeakoOHesHU rpusop y Tepasujckom myHesny

It is, therefore, obvious that the Terazije Tunnel presents an
important traffic factor in Belgrade and in the cases of its closure or
blocking, there could be serious problems such as traffic collapse, people
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and goods transport disruptions and, most importantly, endangered
human lives. So, it is necessary to predict potential situations that can
cause traffic paralysis in the Tunnel and predict all needed time for
people’s evacuation. Timely evacuation of people presents the most
important task in crisis situations and the most important contribution of
this study. Evacuation prediction presents a very hard, complex and
always open task, especially in specific situations such as those that can
occur in tunnels. One of the best ways for evacuation prediction in terms
of safety, accuracy, organisation, and low cost is a usage of simulation
software. There are a lot of different evacuation software programs in the
market. One of the most frequently used is Pathfinder.

This paper presents an example of prediction of specific evacuation
situations in the Terazije Tunnel (collision and scrimmage) where such
situations frequently occur. The results realized in this paper present the
advantages of simulation software usage and much better potentials for
the prediction of different evacuation situations thus enabling correct and
safe prediction of evacuation procedures, calculation of evacuation times
and a choice of the best evacuation route in terms of human safety.

Simulation model

The simulation model was designed in Auto Cad software in
accordance with its real dimensions and transferred to Pathfinder 2012.
Pathfinder 2012 presents special software developed as an evacuation
simulator. In the market, there are several different simulators that can be
used for evacuation purposes. Pathfinder provides a graphical user
interface for simulation design and execution as well as 2D and 3D
visualization tools for a results analysis which enables an evacuation
presentation in every moment and at every location of the observed
object (Thunderhead engineering, 2012).

The simulation was realized for different occupant speeds (0.9 m/s,
1.1 m/s, 1.3 m/s, 1.7 m/s, 2 m/s, 2.5 m/s, 3 m/s, 3.5 m/s , 4 m/s, and 4.5
m/s). Generally, occupants can achieve higher speeds than 4.5 m/s but
not in the limited area with other occupants and cars as obstacles. The
occupants were positioned in their vehicles at the start of the simulation.
In accordance with the postulated scenarios, the tunnel was full with
different vehicles. There were 161 cars and 5 buses. Every car had 4
occupants inside and every bus had 60 occupants inside. The total
number of occupants was 944. The dimensions (length, width, height) of
every car were 4.2 m x 1.8 m x 1.6 m, while the dimensions of all buses
were 13 m x 2.65 m x 3.2 m . Every vehicle had a determined number of
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doors which means that cars had 4 exit doors and busses had 3 exit
doors. The distance between every two vehicles was 0.9 m. The vehicles
were positioned in four separate lanes, two in one direction and two in
the opposite direction. Similar evacuation models were realized in some
earlier papers (Jevti¢, 2016a, pp.754-768), (Jevti¢, 2016b, pp.197-208),
(Jevti¢, 2017, pp.98-114).

There were two different simulation scenarios. The first simulation
scenario involved a tunnel full with cars and buses but without any kind of
collision, thus simulating a simple jam in the tunnel - almost an everyday
occurrence. The second scenario also involved a tunnel full with cars and
buses but with a collision. The collision between a bus and three cars
was at 92 m after the Tunnel entrance from the side of Zeleni Venac. Of
course, this evacuation model can be changed for different scenarios and
conditions, which presents a good approach in simulating as realistic
situations as possible and getting as accurate results as possible (Ronchi
et al, 2012, pp.74-84), (Jevti¢, 2016¢c, pp.35-48), (Galea, 2013). The
vehicles in the tunnel for the first and the second scenario are presented
in Figures 4 and 5.

Figure 4 — Simulation presentation of a tunnel with vehicles and occupants inside (the first
simulation scenario)
Puc. 4 — Npe3eHmauusi MoGenupoeaHusi MOHHesNS1 C a8moMobunsIMu U naccaxupamu
8Hympu (rnepebili cyeHapuli Mmoderu)
Cnuka 4 — Cumynayuja npe3eHmauuje myHena ca o3usiuma u rnymyuyuma y remy
(npsu cyeHapuo cumynayuje)
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Figure 5 — Simulation presentation of the tunnel with the marked position of a collision
(the second simulation scenario)
Puc. 5 — lNpe3eHmauusi MoGenupoeaHusi MOHHess1 ¢ 0603Ha4YeHHbIM 10/10XXKeHUEeM
asapuu (smopol cueHapul moderu)
Cnuka 5 — Cumynayuja npe3eHmauuje myHesa ca 03Ha4eHoM no3uyujom cydapa (Opyau
cueHapuo cumynauyuje)

Simulation results

The simulations of the evacuation from the Terazije Tunnel were
realized on a Lenovo ThinkPad L560 laptop, with Intel i7 6600U 1.80GHz
- 2.40ghz and 16 GB of RAM memory.

The average simulation time was about 15 minutes.

Some evacuation examples from the first scenario with the occupant
speed of 1.1 m/s are presented in Figures from 6 to 9, while the complete
simulation results for both scenarios are presented in Figures 10 and 11.
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Exited: 50.944

5.3

Figure 6 — Simulation example for the first scenario after 9.3 seconds from the start of the

simulation
Puc. 6 — Modernb o nepsomy cueHaputo criycms 9,3 cekyHObl om Ha4ana
modenuposaHusi
Cnuka 6 — lNpumep cumynayuje 3a npsu cueHapuo rnocne 9,3 cekyHde 00 noyemka
cumynayuje

Exited: 284 /944

339 .5

Figure 7 — Simulation example for the first scenario after 39.6 seconds from the start of
the simulation
Puc. 7 — Modens ro nepeomy cueHaputo criycmsi 39,6 cekyHd om Hayvana
MoOdenuposaHusi
Cnuka 7 — Cniuka 7 — lNpumep cumynayuje 3a rpeu cyeHapuo HakoH 39,6 cekyHOU 00
rnoyemka cumynauuje
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Exited: 777./944

225

Figure 8 — Simulation example for the first scenario after 122.6 seconds from the start of
the simulation
Puc. 8 — Modenb no nepsomy cueHaputo criycmsi 122,6 cekyHO om Havana
modenuposaHusi
Cnuka 8 — lNpumep cumynayuje 3a npeu cueHapuo nocne 122,6 cekyHOu 00 noyemka
cumynayuje

Number of oceupants —+—Speed of occupants 0.9 s

—-Speed of occupants 1.1 m/s
—+—Speed of occupants 1.3 m/s
—Speed of occupants 1.7 m/s
0 | —#—Speed of occupants 2 m/s

—o—Speed of occupants 2.5 m/s
600 - —+—Speed of occupants 3 m/s

—— Speed of occupants 3.5 m/s
500 1 Speed of occupants 4 m/s

400 | —+—Speed of occupants 4.5 m/s
300 -

200 -

0 50 100 150 200 250 300 ;
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Figure 9 — Complete simulation results for the first scenario
Puc. 9 — Pe3ynbmambi ModesiupogaHusi Mo rnepg8omy cueHapuro
Cnuka 9 — Komnnem+u pe3ynmamu cumyrnayuje 3a rnpseu cyeHapuo
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Number of occupants

—+—Speed ol vocupants 0.9 w's

—&-$peed of occupants 1.1 m's
—4—Speed of occupants 1.3 m's
——Speed of occupants 1.7 m's
#—Speed of occupants 2 m's
Speed of vecupants 2.5 ms
Specid of peeupsanis 3 mds
Speed of occupants 3.5 m's
Speed of ncenpants 4 m/s
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Time [=2]
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Figure 10 — Complete simulation results for the second scenario
Puc. 10 — Pe3ynbmambi MOOeUpo8aHUsi 110 8MmMmopoMy CUEeHapuio
Cniuka 10 — KomnnemHu pesynmamu cumynayuje 3a 0pyau cyeHapuo

Analysis of the results

The results presented in Figure 9 show the times needed for
complete evacuation of the occupants from the Tunnel in the first
scenario. It is obvious that the faster occupants moved, the shorter
evacuation times were. Although the occupant movement speeds were
up to 4.5 m/s, that fact did not cause jams that could significantly
increase the total evacuation time. The evacuation times were from 98.8
seconds to 292 seconds. It is also important to note that the realized
simulation results did not take into account the influence of different
gasses that could be emitted by car and bus exhaust systems -
generally, the tunnel as a pass is forbidden for pedestrians, but in case of
some long jams or serious accidents (hold-ups of more than several
hours) it is obvious that occupants of vehicles must, in order to save
themselves, leave their vehicles and try to find the nearest exit. It is usual
that occupants stay in their vehicles with closed doors and windows in
case of short jams (several dozens of minutes).

The results presented in Figure 10 show the times needed for
complete occupant evacuation from the Tunnel in the second scenario. In
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this case, the presence of collision consequences such as jams, for
example, caused that the fastest occupant movements (4.5 m/s and 4
m/s) had the longest evacuation times. The evacuation time for the
occupant speed of 4.5 m/s was 376 seconds, the evacuation time for the
occupant speed of 4 m/s was 334 seconds, while the occupant speed of
0.9 m/s was 344 seconds. The realized simulation results did not take
into account the influence of different gasses on occupants either. For
some slightly higher speeds of occupants, related to the realized results,
the evacuation times would probably be significantly longer. Significantly
higher speeds of occupants than the realized ones could not be achieved
because of several reasons such as crowds, lack of space, and panic
among occupants with uncontrolled behaviour. The realized simulations
presumed that all occupants were the same (in terms of height, width and
speed), which in some real situations undoubtedly is not the case. In
addition, the simulations did not include situations where people with
different disabilities participate in evacuation, when it is also very hard to
predict and determine evacuation times, routes, ways and many other
important factors, even with simulation software (Jevti¢, 2014, 537-541),
(Jevti¢, 2015a, pp.45-52), (Jevti¢, 2015b, pp.545-550), (Wilson, 2015,
pp.48-50). It is important to note that speeds from 3 m/s and higher are
hard to achieve in the given circumstances so that they mostly have
theoretical significance.

This and similar papers are a good basis for potential future
investigations related to evacuation and risk analyses, where evacuation
could include some other important factors such as smoke and fire
directions, smoke quantity (especially CO,, CO and other toxic gasses),
different types of collisions, and others (Persson, 2002).

Conclusion

It is very hard and almost impossible to control and predict all of the
parameters that road tunnel evacuation depends on. The impossibility of
controlling fire and human behaviour in panic is what supports the above
mentioned statement. That is the reason why particular evacuation
software must be used as an important and permanent engineering tool,
even in the situations when this tool is not in a position to describe or
simulate completely realistic situations. Different simulation results for
different scenarios present the answers or ways that show how to find a
solution for a particular problem if the calculation itself does not present
the solution. So, this kind of software enables many different evacuation
situations to be predicted and, based on the calculated evacuation times,
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the determination of the best evacuation route. This means the
determination of the shortest and the safest way for people’s evacuation.
Also, one of the most important characteristics of this kind of evacuation
prediction is a potential for fast and accurate testing and comparison of
different evacuation models.

The future steps in this and similar studies should be taking into
account some effects that can occur in this and similar situations such as
smoke, fire, panic, obstacle avoidance and surmounting, help to others,
calculation of evacuation times and determination of evacuation routes in
cases when caring affected humans, etc.

This paper has been written to show the possibilities of the Terazije
Tunnel evacuation prediction for different scenarios although some
parameters or facts have not been included. This and similar software
should and must become an obligatory engineer’s tool in order to solve
this kind of problems. Also, this and similar software must be
permanently improved with new facts and knowledge (Jevti¢, 2014, 537-
541), (Jevti¢, 2015a, pp.45-52), (Jevti¢, 2015b, pp.545-550), (Jevtic,
2016a, pp.754-768), (Jevti¢, 2016b, pp.197-208), (Jevti¢, 2016¢c, pp.35-
48), (Jevti¢, 2017, pp.98-114).
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MOIOENNPOBAHME 3BAKYALINN U3 TOHHENA «TEPASNE»

Padoe b. EBTnY

OneKTpoTEXHNYECKMI TEXHUKYM «Hukona Tecnay,
r. Huw, Pecnybnuka Cepbus

PYBPUKA MPHTWU: 73.31.17 OpraHu3auus n 6e30nacHOCTb 4OPOXHOIO
OBWKEHUS

BWO CTATbW: opurmHansHas Hay4Has ctaTbs

A3bIK CTATbW: anrnunckuin

Pe3swome:

Oeakyayuss npedcmaesrnissem cobol  4YpesebiHaliHO  CIIOXHbIU U
MHO202paHHbIlU rpouecc, nodpasymesarowjull nepemewyeHue mooed,
JKUBOMHbIX U UMywecmea U3 0Xg8a4eHHO20 4pessbivaliHol cumyayuel
obbekma unu mecmHocmu 8 6e3ornacHyto 30Hy. PasnuyHbie o6bekmbl,
MecmHoCMb Urnu cyeHapuu mpebyrom u rnodpasymesarom pasiuyHbie
coomeemcmsytowjue Mepbl 38aKyayuoHHol cmpameauu. OOHUM U3
crieyugpudeckux obnekmoes 0rd 38aKkyauuu s1er1siemcsi asmoGopOXXHbIU
moHHenb. W3-3a 60nbwoz2o Konudecmea asmomobunel u moded,
Haxo0swWuxcss 8 O2paHUYEHHOM  rpocmpaHcmee, 3saKkyauusi 8
asmoOOpPOXHOM  MOHHesle  MOXem  oKa3ambCsl  4YpessbldaliHo
Hernpedcka3yeMbiM U OrnacHbIM 3adaHueM, 0 4Yyem ceudemesibcmeyem
60/IbUWIOE KOTUHECMEBO MPOoU3oWedWUX HecHacmHbIX criydaes. B daHHoU
cesi3u npu MoOesiuposaHuU Heobxo0uMo rnpedycMompembs makue
HerpedsudeHHble obcmosimenscmea Kak: 6ornbwasi OnuHa MOHHESS,
cmpemumernsHoe pacrpocmpaHeHue ObiMa (ocobeHHo CO, — okcud
yenepoda u CO — MoHOKcuO yariepoda) U rfoxap 8 3aKpbimom
rpocmpaHcmee, 02paHUYeHHbIe B803MOXHOCMU docmyrna K Mmecmy
asapuu U  MHozue  Opyaue, 3ayacmyr  Herpedcka3yemble
obcmosimernibecmea. OOHUM U3 Uernecoobpa3sHbiX U HalexHbIX Memodos
MpO2HO3UpOBaHUsI U aHarnu3a 3eaKyauuoHHbIX obcmosimesiscme U
Mepornpussmul  sienissiemcesi  pa3pabomka CueHapHOo20 MOOenUpPos8aHUst
98aKyayUOHHbIX cumyauuli ¢ NMOMOWbIO MPOepPaMMHO20 0becredYeHus.
Llenbto daHHOU pabombi 6bir1o onucaHue 38aKyauUOHHbIX Meponpusmud
8 asmoOOpPOXHOM MmOHHene «Tepasue» & eopode benepad.
lMpoepammHbiv obecriedeHueM Obifiu Oxe8ayeHbl pasHble CueHapuu, C
y4yemoMm  pasfiu4Ho20  Korudecmea  y4acmHUKO8 U CKopocmu
asmodopPOKHO20 OBUXKEHUSI.

Knowesble  crniosa:  a3sakyauusi,  MoOeslupogaHue,  MOHHEsIb,
mpaxcriopm.
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CUMYNALUMNJA EBAKYALNJE N3 TEPA3NJCKOIT TYHEJIA
Padoje b. JeBTnh
EnektpoTexHuuka wkona ,Hukona Tecna”, Huw, Peny6nuka Cpbuja

OBNACT: caobpahaj
BPCTA UJIAHKA: opyruHanHu Hay4Hu pag
JE3WNK YJTAHKA: eHrnecku

Caxemak:

Esakyauyuja npedcmaerba eeoma KOMIIEKCaH U mexaK 3adamak Koju
uMmnnuyupa Hajbe3bedHuje, Hajkpahe u Hajbpxe npemewmarse Jbyou,
ueomurba U MamepujarHux 0obapa u3 y2poxeHoz objekma unu
Jiokayuje 0o cueypHe rnokauuje. Pasnuyumu objekmu, rnokayuje unu
cueHapuju 3axmesajy u rnodpasymesajy pasnudume adekeamHe
esaKyayuoHe cmpameauje. JeGaH 00 geoMa crieyuguyHUx objekama 3a
esaKyauujy je myHen 3a dpyMcku caobpahaj. 3602 ripucycmea MHowimea
eo3usia U JbyOu Ha Oz2paHUYEeHOM fpPOCMOpYy, esaKyauuja myHena 3a
OpymcKu caobpahaj moxe 6umu ekcmpeMHoO Hernpedsudus U ornacaH
3adamak, wmo rnomephyje senuku 6poj Hecpeha koju ce decuo. Takohe,
rnocmoje u Opyee OKO/IHOCMU, Kao WMo Cy MOMmeHyujaiHo eeruka
OyxuHa myHena, 6p3o wupere duma (nocebHo CO, u CO ) u sampe y
3ameopeHUM pocmopumMa, OegpaHudeHe MmoayhHocmu 3a npucmyn
mecmy Hecpehe u mMHoze Opyee Koje je yecmo Hemoeyhe npedsudemul.
JedaH 00 eeoma 006puUX, EKOHOMUYHUX U CUBYPHUX Ha4uHa 3a
npedsuhare U aHanu3dy eesakyauUuoHUX cumyauuja u cueHapuja jecme
ynompeba cumysayuoHoe cogpmeepa. Y pady je rnpuxkasaHa esakyauuja
u3 myHena 3a OpyMmcku caobpahaj Ha Tepasujama y beozpady, 3a
pasnuyume cueHapuje u pasnudyume 6p3uHe y4YecHUKa.
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Abstract:

The aim of the paper is to present selected examples of queueing theory
applications to problems in the military and defence domain, to mark the
110" anniversary of queueing theory. The intention was to find and
present more works from domestic authors published in a longer period in
order to promote the theory in the domestic military and defence circles
thus motivating future research related to waiting lines phenomena. In
dealing with military queueing phenomena, researchers are usually faced
with some specific requirements which involve a multidisciplinary
approach. In the queueing theory community, it is recognized that
solutions to queueing problems could be reached in three ways: by
analytical, numerical and simulation methods. Not all queueing problems
are solvable by analytics or by numerical mathematics and, for such
problems in particular, simulation methodology is a resolving tool.

Key words: military application, queueing theory, simulation, modeling,
logistics, combat, command & control, transient regime, overloading.

Introduction

The 110" anniversary of queueing theory (Erlang, 1909) is a good
opportunity to make an overview of its application in various fields.
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Reforms and Strategic Orientations of Serbia in 21% Century).
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The historical development of queueing theory has been presented
in short by Nikoli¢ (2008). This paper presents some applications of
queueing theory for various issues in the military and defence as well
as some actual trends and prospects for future research. Queueing
theory has been recognized for a long time as an appropriate scientific
discipline for analyzing various problems in the military domain - let us
mention works of a few domestic authors (Cubra, 1977), (Renduli¢,
1981), (Vojnoizdavacki zavod, 1970), (Serbian Armed Forces, 1996).

Military queueing systems

Queueing theory deals with models of queueing systems (or waiting
lines). Capability of queueing theory to be used for considering various
problems in the military domain comes form a simple definition of a
queueing system: “Any system in which arrivals place demands upon a
finite-capacity resources may be termed a queueing system” (Kleinrock,
1975). Following this definition and applying it in the military domain, one
can find that there are many military situations, processes and systems
which could be described, presented, modeled and analyzed as
queueing systems. In order to be denoted in a short and general term, all
real systems, processes and situations from the military and defence
domain which can be described as queueing systems are here named
"military queueing systems".

There are many kinds of military queueing systems. Classified by
their physical nature and characteristics, military queueing systems could
be from various military sub-fields, and related to them, as follows:

— Battle situations ("serving" of arriving enemy tanks, rockets,

airplanes).

— Command and control processes.

— Decision making (at individual and organizational levels).

— Weapon’s systems.

Technical items.

Logistics functions (maintenance, transportation, supplies).
Medical evacuation.

Facility operations (runway that make "services" to airplane take-
offs and landings; emergency medical department operations;
etc).

Peace missions of the United Nations.

Administrative processes, etc.
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Queueing system modeling consists of a few steps. The first step in
studying any real system intended to be described as a queueing system
is abstraction: the components of the considered real system should be
recognized as clients or servers; types and intensities of input and output
clients flows should be determined, as well as queueing discipline,
reliability of servers, patience of clients, etc. In particular cases, a high
level of abstraction is needed, for example: arriving airplanes or missiles
should not be in a viewable, static “queue”, etc.

Successful abstraction leads to a conceptual model. A conceptual
model should be understandable to both sides: to experts for a real
system, process or situation which is the subject of the study, and to
simulation experts who will provide future development and
transformation of a conceptual model towards a clearly structured
problem from the point of view of a methodological tool or a theory which
will provide its resolution.

On the basis of common sense and supported by various military
sub-fields subject matter experts, a minimal set of axioms for military
queueing models can be established: (1) Engagement of military
queueing systems, particularly in war missions, is finite by time; and, (2)
Traffic intensity can be of any value, so there is no logical reason to place
any limits on it. These axioms are particularly valid in modern warfare
characterized by fast-moving combat situations, fierce by intensity, short
by time, and planned with limited resources. Implementing these axioms
into the study of queueing systems leads to a question of fidelity in
simulation modeling of military queueing systems, as well as in cases
when classical queueing theory is used. These axioms contribute to the
intensified development of analytical mathematical methods as a basic
approach in studying queueing models, but also to the development and
application of the other two methodological approaches, i.e. numerical
methods and simulation methods (which are, in fact, statistical methods).
These three approaches are recognized in the referential literature
(Nikoli¢, 2008), (Worthington, 2009).

In the following section, we offer a number of examples from the
military and defence domain where queueing theory was engaged, or at
least where the basic concept of queueing modeling is used.

Examples of military applications of queueing theory

Ballistic missile defence modeling. Li et al (2016), from the
Chinese Air Force Engineering University, presented the simulation
modeling and performance analysis of a layered ballistic missile defence
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system as a tandem queueing model of type M/M/n/n. They analyzed
different variants of tandem queueing systems: with two and three
service phases (two and three layers of missile defence systems), and
with identical and different defence weapons (variants of identical and
different service channels). Also, they considered a few different
scenarios with varying input values for the number of total missiles and
missile detection probabilities. The overall goal of their work was to
model and analyze variants of a ballistic missile defence system in order
to find the best option regarding defence effectiveness. They pointed out
to the limitations on the exponential nature of the stochastic dynamics of
input (arrivals) and output (services) client’s streams, and marked a need
for future research in regard to other types of arrival and service
processes.

Air Defence modeling. Yao and Ma (2017), two researchers from
the Chinese Naval Academy at Dalian, modeled an air defence missile
weapon system as a queueing system which consists of two phases of
servicing by multichannel service facility. They tried to evaluate and
compare different options of mixed deployment of anti-aircraft artillery
and air defence missile weapons. They described the referent (a real
system or process) as a conceptual queueing model and then simplified
further analyses by adopting a hypothesis for stationary behavior of the
queueing model. The use of queuing theory in air defence modeling has
been a subject of research for a long time in many armies including small
ones like Serbia’s.

Aircraft Sortie Generation Rate. Mao et al (2013), used a multi-
class closed queueing network as a model for an analysis of aircraft
combat sortie generation rate (“sortie” is a specific military term used to
denote a combat mission of a single aircraft, one combat flight). This is a
case of modeling the engagement of carrier-based aircraft in combat
missions. Due to limited space, short runways and mobility of the main
platform, there are many specifics in the operational procedures for sortie
generation and a number of consecutive steps for aircraft preparation
and launching from the carrier to execute a delivered combat task. In its
essence, this process of combat sortie generation could be modeled as a
multiphase queueing system (network). Due to different types of aircraft
and missions, it is a multiclass service model. In addition, due to a finite
number of aircraft on a carrier, it is a closed queueing model. Naturally,
these kinds of weapon systems are of primary interest for armies which
already have or tend to obtain aircraft carriers. However, it is of interest
for all other armies which could be faced with adversary’s aircraft
carriers.
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Aircraft squadron servicing. Panti¢ (2002) considered possibilities
to apply the queueing theory models in presenting and analyzing
servicing activities for a supersonic aircraft squadron in a dispersed
formation. The challenge was to investigate the implications of replacing
the original fuelers with other types of special vehicles designed for
aircraft refueling . The queueing model used was a multichannel service
facility with a limited number of waiting rooms and with a simplified
assumption that the system operates in a steady state.

Indirect fire weapons systems conceptual modeling. Wheeler
(2005), applied the queueing models to study offensive support indirect
fire weapons systems. Some others analyzed methodological procedures
for analyzing modes of combat use of artillery weapons and consequent
impacts on weapons maintenance systems.

Military Command and Control, decision making and staff work.
Jovanovi¢ (1984), mentioned queueing theory and a simulation of
queuing systems as appropriate tools for research of staff works,
operations and management. Markovi¢ (2000), recognized the values of
queueing models for military operations planning and staff functioning.
Maksi¢ and Miskovi¢ (1997), confirm the value of queueing theory in a list
of other methods and tools used for decision making support and for
research in the military domain. Leonhard et al (2010), point out the
capabilities of queueing theory in the development and analysis concepts
of command and control. Also, Athans (1987), one of the most prominent
authors in the field of military command and control theory, clearly
pointed out the relevancies and appropriateness of the concepts of
gueueing models and queueing theory to the issues related to perceiving,
modeling and analyzing problems from the military command and control
domain. Nikoli¢ (2016), presented the reneging queues model as the
starting point for developing the general model for command and control
processes known as Lawson’s Model of C2.

Undersea warfare. Sullivan and Grivell (2003), used queueing
models with a set of various probability distributions for investigation in
the field of undersea warfare. However, their model and research have
potential to be used in other (non-navy) warfare tasks and situations
which involve attackers and defenders in a finite time frame and with
different types of probability functions.

NBC (nuclear, biological, chemical) decontamination. Forca
(1992), presented an organizational process of NBC decontamination as
a queueing model (servicing a number of clients with limited resources),
and used a simulation methodology to conduct practical calculations in
regard to system performances.
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Medical evacuation (MEDEVAC). Micovi¢ (1998) presented a
queueing simulation model of military medical evacuation in a combat
mission. The queueing model was characterized by multiphase servicing,
multiclass clients (clients with different priorities for medical evacuation)
and triage rules for a preliminary classification of casualties and
assigning appropriate priority levels for evacuation. Jenkins (2017),
studied MEDEWAC dispatching policies for casualties evacuation and
modeled it as a heterogene multiphase queueing system with three
classes of priority clients: priority 1 —Urgent; priority 2 -Priority; priority 3 -
Routine.

Military hospital pharmacy delivery process performance
evaluation. Bahadori et al (2014), conducted a descriptive and analytical
study with the use of queueing theory to describe and analyze outpatient
pharmacy in a military hospital, with the aim of achieving better
performance with some changes in organization and resources. They
identified servicing points with low server’s utilization (and proposed
reduction of service personnel at these points), as well as some
bottlenecks where they proposed rational enlargement of service
capacity (they proposed multitasking personnel for a few different but
very simple operations).

Cadet’s mess congestions and food delivery process modeling.
Kama and Mankilik (2015), presented an application of queueing theory
in a cadet mess of the Nigerian Defence Academy in Kaduna. The initial
problems identified were long queues in a cadet mess, particularly during
lunch, and consequently poor satisfaction of cadets with mess service.
They modeled the mess process, conducted investigation with queueing
theory application for more variants, and produced a concrete proposal
for appropriate enlargement of specific mess resources.

Military entry control facilities operations. Dwyer (2016) modeled
military entry control facilities as a queueing system and investigated how
it operates, with the aim of resolving congestion problems concurrently
sustaining a high level of service quality regarding security standards in
particular.

Maintenance process for military technical items. Military
maintenance processes have been extensively studied with many
examples related to different contexts, ranging from depot maintenance
in peace time conditions to field maintenance in combat missions.
Petrovi¢ et al (2013), analyzed a maintenance process in a military
depot, and used some empirical data for the intensity of service
requirements as well as for the service process itself in order to find out
weak points in the maintenance process organization. Petkovi¢ et al

811

Nikoli¢, N., The 110" anniversary of queueing theory: its applications in the military, pp.806-819



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2019, Vol. 67, Issue 4

(1988) point out queueing theory as a methodological tool in considering
organizational issues related to the maintenance of technical items.
RadoSevi¢ (1980) used queueing models for maintenance workshops
capacity planning connected with reliability levels of technical items.
Cirovi¢ (1992) considered maintenance treatment in the early phases of
development of military telecommunication equipment.

Technical support of joint tactical units. Military logistics
functions of maintenance and supply used to be known in the past as
technical support (or technical sustainment). Under this term, many
research studies were realized in the last decades of 20" century. Nikolié
(1989) offered an extensive study on the efficiency of performing
technical support at the level of joint tactical units (brigade) in battle
conditions. Brankovi¢ (1986) used the simulation methods to study a
maintenance process modeled as a queueing system in order to get an
insight into the performances of maintenance units in battle conditions.

Timely logistics support to military units in operations.
McConnel (2018) conducted an extensive study on the problem of
dropping equipment readiness due to distribution problems during
military  operations. The stochastic nature of the requirements for
logistics support and varying service response led him to the use of
queueing theory.

Some additional examples of various military queueing systems and
modeling processes can be found in the literature (e.g. in Shephard et al
(1988)), where other methods of operations research were used as well.
One good example where a specific military problem was studied by a
combined use of queueing theory and other methods of operational
research is given by Kang et al (1998), from the Department for Systems
Management at the Naval Postgraduate School, Monterey. They
considered the naval aircraft maintenance process and presented the
relations among the following disciplines: military operations planning,
logistic (maintenance and supply), cost analysis, queueing theory, and
simulation. Military operations planning assumes taking into account air
power which is a dynamic category measured by the level of combat
readiness (percentage of "ready-for—use" weapon systems in the unit).
Reduction of the maintenance cycle time produces a higher level of
operational availability and, consequently, higher combat readiness.
Inventory levels of spare parts have a direct influence on the reduction of
the maintenance cycle time: if a needed spare part is at hand, it can be
used immediately; if not, the item being repaired has to wait for that
spare part. On the other hand, a huge amount of spare parts across the
inventory system is not a good solution because it costs too much and
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produces other problems such as physical limitations at lower
maintenance levels. Modeling of the entire maintenance process leads to
a complex queueing model which requires a more appropriate method:
simulation modeling (Kang et al, 1998).

Some actual trends and prospects for future research

What are the prospects of queueing theory application and its
development in the future? The best answer to the question could be
found in referential sources of scientific information and from recognized
experts in the field. Some of such sources, with clear observations about
the actual state of the art and good visioning of future development, are
referred to in Worthington (2009), and Kingman (2009). Worthington’s
(2009) findings about the future development could be summarized as
follows:

- more dedication to queueing models with non-exponential
distributions for demands (arrivals) and servicing;

- more respect for time-dependent behavior of queueing systems;

- more care to more complex queueing models (networks);

- more fidelity in implementing complex relationships among
elements inside complex queuing models;

- improving robustness and sensitivity of queueing models;

- more care to the modeling process for queueing models (thinking
about “queue modeling as a discipline”, (Worthington, 2009).

Kingman (2009) offered an interesting review of the development of
queueing theory and indicated the connections of the queueing theory
development with problems from the military and defence domains which
were describable as queueing models and related to Thomas Saaty, a
well-known operations researcher. He also confirms that future
development of the theory will be oriented towards problems in complex
queueing models (queueing networks), congestion problems, as well as
models with non-exponential distributions which are problematic even in
simple structure models like the model type: M/G/k (Kingman, 2009).

In order to clarify the connections among the mentioned challenges
in queueing theory and corresponding queueing problems in the field of
the military and defence issues, we point out the following. Military units
in war are not continually engaged. Enemy tanks, rockets and airplanes
are not continually in sight during wartime. One attack or defense
operation is usually planned and executed for a limited period of time.
The observation about the finiteness of reality in the military context is
one of the keystone facts which have to be taken into account in military
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modeling. Cases of heavy-traffic, saturation and overloading of service
capacity (traffic intensity close to 1, equal to 1, and greater than 1), are
rarely studied in the literature, but could be of interest for studies of
military queueing systems. In the military domain, overloading is often a
desired state: overloading enemy’s capacity is a traditional condition of
victory. Otherwise, one can get a wrong model. However, heavy traffic
conditions and overloading can be of interest in civilian matters as well.
For an owner of a queueing system, it is very desirable to sustain high
utilization of service resources. On the other hand, critical traffic
conditions (heavy-traffic, saturation, overloading) sometimes may appear
at some points inside a complex queueing system (queueing network),
and almost certainly in various kinds of emergency situations when a lot
of service requirements can suddenly appear in a relatively short time.

The impact of the transient regime of the military queueing system
operation is of particular importance in cases of some real queueing
systems, processes and situations. Regarding military queuing systems
in combat conditions, the impact of the transient regime was discussed
by Nikoli¢ (2008), while more information about the transient
phenomenon in queueing behavior could be found in Nikoli¢ (2008) and
Kaczynski et al (2012). The importance of the queuing transient
phenomenon for other-than-military-systems is confirmed in some novel
papers as well (Gindin et al, 2014), (Tsai et al, 2017).

Conclusion

This paper presents a few examples of the applications of queueing
theory in the defence and military domain. The goal is to refresh
knowledge and awareness about wide possibilities of military applications
of queueing theory at this special moment of the queueing theory
anniversary.

Trends and prospects for the future development of queueing theory
are in favor on solving challenges which we face when studying military
gueueing systems.
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MPUMEHEHWE TEOPVN MACCOBOI'O OBCITY>KUBAHKA B
BOEHHOW OBJIACTW B CBETE 110-I'O FOBUINEA

Hebotiwa B. Hukonny

YHuBepcuTeT 060poHbI B . Benrpaa, MHCTUTYT cTpaTernyeckux
uccneposanui, r. benrpag, Pecnybnuka Cepbus

PYBEPUKA TPHTW: 81.88.00 MaTepuanbHO-TeXHMYeCckoe cHabXeHue.
Jloructuka

B CTATbW: npodeccrnoHanbHas ctaTbs

A3bIK CTATbW: aHrnuickmin

Peswome:

Llenbio 0aHHOU cmambu senisiemcs npedcmasneHue 8bI00pKU npuMepos
MPUMEHEeHUsT Mmeopuu Maccosozo 0bCyxueaHusi 8 B0eHHOU obrnacmu, 8
ceeme 110-20 r0buriesi cosdaHus meopuu mMaccoeozo obcryxusaHus. B
pabome npusedeHoO b60osbWIoe Korudecmso pabom 0mevyecmeeHHbIX
asmopos, orybriuKo8aHHbIX 8 rPOJOIMKUMETIbHOM repuode 8peMEHU, C
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uernbto pacuiupeHus npedcmaessieHuss 06 amou meopuu U npode8uXXeHUsI
ee [PUMEHEHUST 8 OMEYeCcmeEeHHbIX Kpya2ax 80eHHo20 Oena. [lpu
uccnedosaHuu rpobsiem cucmeMbl Maccogozo 0bCryKugaHUsI 8 80eHHOU
obnacmu Heobxodumo rnpeodonesamb creyugudeckue mpebosaHus,
8bi3blgaloujie HeobxoOuMOCmb MEXOUCUUNIIUHapHo20 rodxoda. B
MpoghbecCuoHarbHbIX Kpya2ax Macco8oe0o 0bCyxueaHus 6bifio 8bIsIeNeHo,
4Ymo peweHusi 3ada4y O cucmemax Maccog8oe0 OBCIyKUBaHUST MOXKHO
Halmu ¢ rnomMowblo credyruwux mpex mMemodos: aHannumu4vyeckud,
YUCIeHHbIU Memo0Obl U MeMOA UMUMAaUUOHHO20 MOOESTUPO8aHUSI.
OdHako crnedyem y4umbi8amb, 4mo He 8ce meopemudeckue modesnu
maccoeoeo  obcrnyxueaHuUsi Mo0daromcsi  PEWeHUr0 € MOMOWbIO
aHanumu4yecko20 Uru YUC/IeHHO020 Memodos8, UMEHHO Mpu peweHuu
makux 3ada4y HeobxodumMo MPUMEHSMb Memod UMUMAaUUOHHO20
MOoOeiupo8aHuUs.

Knrouesbie crioga: B0€HHOE MPUMEHEHUE, meopusi Macco8020
obcnyxueaHusi, uMumMayuoHHoe  ModesiuposaHue,  J102UCMUKa,
bopbba, KomMaHOOBaHUE U KOHMPOSb, MNEPEXOOHbIU  PEXUM,
nepeHarnpspKkeHue.

NMPUMEHA TEOPUJE MACOBHOI" OMNCNYXWUBAHA Y BOJHOJ
OBJIACTU HA 110. rognibnLy

Heb6ojwa B. Hukonuh

YHuBepauteT oabpaHe y beorpagy, MHCTUTYT 3a cTpaTernjcka uctpaxvsatrsa,
Beorpan, Penybnuka Cpbuja

OBNACT: noructuka
BPCTA YJTAHKA: cTpy4Hu paa
JE3UK YNNTAHKA: eHrnecku

Caxemak:

Y pady cy npukazaHu odabpaHu rnpuMepu fpuMeHe meopuje Maco8Ho2
oricryxuearba y 80jHoj obriacmu, Ha 110. 2oduwrbuyy pohera meopuje
MacosHoz oricrnyxuearba. Hamepa je buna da ce npoHahe u npukaxe
suwe padosa Oomahux aymopa y Oyxem nepuody Kako 6u ce
rnobosbwarna npomouyuja bydyhe npumeHe ose meopuje, rpe ceeza y
Oomahum 80jHOCMPYy4YHUM Kpyeosuma. Y 6aerbewy npobrnemuma
cucmemMa MacosHoO2 OriCITy)ueaHa y 80jHOj obriacmu, ucmpaxuead ce
cyoyasa ca crieyuuyHuM  3axmesuma Koju y3pokyjy nompeby 3a
MynamuduCYUNAUHapHUM ripucmyrnom. Y cmpyqyHUM Kpyeoguma meopuje
MacosHo2 orcryxuearba rperno3Hamo je 0a ce 0o pewera y 3adayuma
0 cucmemuma MacoeHoz oricryueara Moxe O0hu Ha mpu HavuHa:
aHanumuyku, HyMepuy4ku U MpuMeHoM cumyrnauyuje. He moay ce csu
meopujcku Molerniu MacoeHo2 OriCiyXXueara peliasamu aHaaumuyku
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umu rpuMeHoOM HyMepudkux memoda, na ce 3a makee rpobreme
npumerbyjy memode cumMyrnayuoHo2 Moderiogar-a.

KrbyyHe peyu: eojHa npumeHa, meopuja MacosHoe OfiC/yXuearsa,
cumynauuja, Modesiogarbe, Jsio2ucmuka, 6opba, komaHdo8am-€ U
KOHMpo-a, fpesasHu pexxum, npeonmepeherse.
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Abstract:

In order to be prepared for the performance of functional duties after
graduating from the Military Academy, military cadets participate in
multinational cadet exercises. One of these exercises is the multinational
logistics training exercise FOURLOG. This paper presents a brief
description of the history of the mentioned cadet exercise, its organization
and scenario as well as an overview of the tasks that cadets deal with in
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the roles of managing and executive logistics bodies. The experience
gained during many years of participation of the cadets of the Military
Academy, University of Defense in Belgrade at the above exercise is
given as well.

Key words: exercise, logistics, training, education, international military
cooperation, FOURLOG.

Introduction

Given the strategic commitment of the Republic of Serbia (RS) to the
membership in the European Union (EU), it is clear that it is necessary to
go towards more intensive security cooperation between the RS and the
EU. Such cooperation contributes to the mutual interests of these
entities, with the interest of the RS to create a basis for its own
development and strengthening stability in the region and in the wider
environment (Stojkovi¢, 2010).

Depending on the type and intensity of security challenges, risks and
threats, among other things, the defense interests of the RS are
protected by building a reliable partnership and by participating in
multinational operations to build and preserve peace in the region and
the world (Stefanovi¢ & Forca, 2015). In line with the above, the
members of Serbian Armed Forces are engaged in several missions
under the mandate of the EU and the United Nations (UN). For this
reason, the protection of the interests of the RS through international
military cooperation requires adequate preparation of military cadets,
future officers of the Serbian Armed Forces.

Improvement of the ability of future officers to work in the
international environment as well as familiarization with the organization
and technology of work in foreign armed forces are also achieved
through the organization and realization of various joint exercises
(Andrejic et al, 2017). International cadet exercises provide an
opportunity to learn about foreign armaments and enable the assessment
of applied knowledge and skills acquired during schooling. In doing so,
they contribute to the improvement of linguistic skills, adoption of military
terminology, and mastering of various procedures and team work, with
the aim of training for the international scene (Persson, 2001).

When it comes to cadets, future officers, "exercises" involve the
training of cadets since assignments are not realized independently, but
through the supervision and leading of teachers (Venekei, 2008).

The aim of this paper is to present the origins and the development
of the FOURLOG training exercise, its organization and scenario, as well
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as to give a review of the key tasks that cadets solve during the exercise
in the roles of managing and executive logistics bodies.

Concept of the FOURLOG exercise

The multinational logistics cadet exercise FOURLOG has a tradition
of almost two decades. The first exercise was realized in 2001, and the
organizers of the exercise were the Defense University in Brno (Czech
Republic) and the Budapest University of Public Administration
(Hungary). A few years later, members of the Logistics School from
Vienna (Austria) took part in the exercise. Since 2011, cadets of logistics
of the Military Academy, University of Defense, Belgrade, have
participated in the exercise (Venekei, 2015).

The cadet exercise FOURLOG was organized with the aim of
preparing cadets, future logistics officers, for performing tasks in
multinational operations (Pap & Venekei, 2018), (Venekei, 2011). During
the exercise, cadets receive various tasks that they deal with in the role
of logistics team commanders and logistics management bodies in
accordance with the specialties for which they are educated.

The problems that the cadets solve during the exercise are related
to:

- the deployment and development of logistic units in the field,

- logistic support at specific positions and during movements of units,

- the work of logistics management bodies during the operation
planing process (understanding and interpretation of positions and
roles of both inividuals and logistic units during operations, logistic
support (LS) in space and time, and LS organization through the
functional areas of logistics),

- planning logistic support in the preparation of units for engagement in
the zone of operation,

- scheduling logistic support during the operation execution,

- usage of software tools thoughout the LS planning process,

- understanding of the organization and operation of logistics elements
during the operation.

The exercise was designed to cover a wide range of logistic
problems in peacekeeping operations, and the realization of the exercise
itself takes place in three different locations, through three phases:

- The preparation phase is implemented in Austria, and is aimed at

familiarizing cadets with the generation of forces, the process of
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establishing a mission, the decision-making process and the use of
logistics units during the operation;

- The LS planning and organization phase is implemented in Hungary,
where planning and organization of logistic support is carried out;

- The logistic support implementation phase is implemented in the
Czech Republic where cadets train the deployment of units,
protection and movement of units in the city, and the implementation
of LS. They also get acquainted with the place and role of the
national support element.

According to the concept, the exercise lasts for two weeks. The
exercise scenario is adapted to a peace support operation under the UN
mandate, and the operation is carried out in an imaginary country in the
territory of Central Europe with real geographical data.

According to the scenario, the UN made a decision to establish a UN
mission in the imaginary state of EASTLAND which concluded the
agreement between the conflicting parties on the termination of hostilities
and the consent to deploy two UN divisions in their own territory. Based
on a UN resolution, a decision was made to form corps called
"EASTLAND FORCES - EFOR", where one of the brigades
(ACHSPKBDE) is an imaginary unit in the exercise. The organizational
structure of the unit is shown in Figure 1.

The task of the EFOR unit is the disarmament of paramilitary
formations, ensuring the implementation of the cease of hostilities,
securing peace negotiations, supporting internally displaced people,
restoring infrastructure, preventing arms smuggling, and protecting the
state borders of EASTLAND.

Based on the above scenario, cadets are divided into several groups
where, through the roles of logistics managing and executive bodies, at
the battalion level, they solve the tasks of planning, organizing and
implementing logistic support.
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ACHSPKBDE

x:A T RH]

Figure 1 — Organizational structure of the brigade
Puc. 1 — OpezaHusauyuoHHasi cmpykmypa 6puzadbl
Cnuka 1 — OpeaHu3ayujcka cmpykmypa bpuzade

Realization of the FOURLOG exercise

As already mentioned, the exercise is realized in three phases. The
first phase includes the preparatory part of the exercise, where cadets
are introduced to the script, the situation in fictitious states and the UN
decision on the establishment of the mission. The task of the cadets is to
analyze and evaluate logistic support of the battalion, based on the
available data, within the multinational brigade. Based on the analysis,
the cadets prepare reports on the most important issues and risks that
influence the execution of logistic support during the deployment phase
of the forces and the execution of the operation.

The content of this part of the exercise is:

- an overview of the general and detailed situation on the ground,

- getting acquainted with the general and special tasks of the

imaginary units,

- getting acquainted with the general and special tasks of LS,
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- mission analysis, with an emphasis on the factors that influence
logistic support.

The goal for the cadets in this phase of the exercise is to understand
the position and role of the logistics bodies and units in the upcoming
operation, as well as the intentions of the superior command.
Accordingly, it is necessary to determine the major activities until the
establishment of the mission, to understand the assigned tasks and
define the performed ones, and to develop a plan of activities of the
logistics bodies and units until the task is completed. The mission
analysis is carried out using a SWOT (Strengths, Weakness,
Opportunities, Threats) analysis adapted to the needs of the logistics
management staff at the tactical level.

In the plan of activities of logistics bodies, it is necessary for cadets
to define the key LS activities and the critical times for the execution of
the tasks, with all possible limitations. During the analysis, cadets take
into account the limitations in space and time during the LS
implementation in order to define more fully the main activities,
assignments and tasks performed. The quantification of these constraints
is done using the so-called 4D (Destination, Distance, Duration, Demand)
analysis shown in Figure 2. This analysis requires from the cadets in the
management role to determine the distribution of forces in the field, the
supply lines between the supply zone and the zone of responsibility of
the units, the duration of the activity from issuing an order to the
deployment in the zone of responsibility, as well as activities within the
zone of responsibility itself. Also, the analysis of cadets should also
provide answers to the questions arising from the logistic requirements
arising from the above activities. Cadets are given the opportunity to
identify and define potential logistic requirements without any constraints
and in accordance with the acquired knowledge, personal abilities and
available time.

The definition of logistic requirements begins with the analysis of
individual logistics functions, followed by the analysis of individual
activities within the LS functions. Cadets calculate budget for supply
needs by classes of supply, plan maintenance of materiel up to arriving in
the zone of operation, transport organization, etc. An output document for
the mission analysis is shown in Table 1.
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How far is it from
my Home ¢
O
i o
Distance

Where is the OA
situated?

Des%'nation

Demgnd
How much materiel |
t—need for this period
e

Figure 2 — Logistics 4D2 Analysis
Puc. 2 — Jloeucmuyeckuti 4/[]2 aHanu3
Cnuka 2 — Jloeucmuyka 4/]2 aHanusa

Duration
‘e

How long the
operation will také?

Table 1 — Mission Analysis at the Tactical Level
Tabnuya 1 — AHanu3 muccuu Ha makmu4yecKoM YpOsHe
Tabena 1 — AHanu3a Mucuje Ha MakKmu4ykoM HUBOY

INDIVIDUAL POSITION AND ROLE

THE AIM OF THE SUPERIOR COMMAND:

GIVEN TASKS CRITICAL TIME/ACTIVITIES
PERFORMED TASKS CONSTRAINTS NOTES
CRITICAL TASKS

FINAL STATE

During this phase of the exercise, cadets should recognize and
define logistic requirements in a real and incompletely defined
environment. Through such tasks, which have many unknowns, critical
thinking is necessary in accordance with the principles of use of logistic
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capacities. In this way, each proposed solution is considered as a
potential variant of the use of logistics resources; cadets, therefore, are
not expected to have correct solutions, but to produce solutions in line
with the principles of organization and operation of the logistics bodies
and units.

A special activity at this stage of the exercise is the presentation of
procedures for the deployment of elements of logistic support on the
ground, performed by the professionals of the mechanized battalion of
the Austrian army in Grosmitel. What is presented are the elements of
the sections for fuel and ammunition supply, mobile machine shops for
vehicle maintenance, procedures for recovering and evacuating combat
vehicles (Figure 3) as well as the elements of the food and water
sections.

Figure 2 — Evacuation of a combat vehicle by a towing train
Puc. 3 — 3sakyauyus 60e8020 mpaHcriopmHoao cpedcmea byKCupHbIM COCMagoMm
Cnuka 3 — Esakyauyuja 6opbeHoe 803usna 8y4YHUM 8030M

In the second phase of the exercise, according to the scenario, the
cadets form a working map, and with the help of the GeoMan software
from the LOGFAS software package, show the spatial situation, Figure 4.
In the GeoManager module, the structure of the forces is formed, the
logistics capacities are defined, the infrastructure objects of importance
for the execution of the operation are entered as well as all the key
geographical parameters of space of importance for carrying out the

827

Micevi¢, M. et al., Multinational logistics cadet exercise FOURLOG, pp.820-836



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2019, Vol. 67, Issue 4

upcoming operation. The module itself has a large number of tools for
defining individual and group key elements such as object type, purpose,
exact location, affiliation, capacity, etc.

The LOGFAS software package allows a detailed definition of the
organizational structure and a formation of units regarding personnel and
equipment, generated using a special module with a database of tactical,
technical and logistic parameters of assets and formation elements of
units, Logistics Data Management (LDM) , Figure 5.

Figure 4 — GeoMan Module
Puc. 4 — Modynb GeoMan
Cnuka 4 — Modyn GeoMan

In the LDM module, the structure of a particular unit from the lowest
to the highest level is formed. In this context, for each unit separately,
based on the materiel formation, a list of all related assets (weapons,
artillery, vehicles, equipment, etc.) is drawn up. Then, personnel and
materiel are matched in order to gain complete insight into the personnel
and materiel formation of units.

For the units thus formed, the software package offers various
options such as: defining the route, scheduling transport at the tactical,
operational and strategic levels, scheduling the supply by materiel
classes, controlled distribution of information to different subjects, etc.

At this stage of the exercise, in addition to the above activities,
cadets working in teams should also plan the transport of units within the
operation zone. In addition, cadets develop plans to send units to the
assigned zone of responsibility, (Figure 6), and calculate the required
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amount of material resources (fuel, food, water, etc.) for the task to be
accomplished.
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Figure 5 — LDM software package
Puc. 5 — MNakem npuknadHeix npozpamm LDM
Cnuka 5 — Cogpmeepcku nakem LDM

COA SKETCH

Northland

Westland

Southland

Bigland

Figure 6 — Plan of sending units to the area of responsibility
Puc. 6 — lNnaH HanpasneHusi nodpasdesieHull 8 30Hy 0mMeemcmeeHHocmu
Cniuka 6 — naH ynyhusara jeduHuya y 30Hy 002080pHOCMU
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According to the imaginary scenario, tasks in the field of supply,
maintenance, transport and health are set in the opperation zone. One of
the tasks is also logistics reconnaissance in order to get acquainted with
the logistic capacities in the assigned zone of responsibility. The
reconnaissance is conducted in coordination with representatives of local
authorities who are prepared in advance by the teachers of the Budapest
University of Public Service. Information collected during the
reconnaissance is entered into the GeoManager module, passed to the
superior command, and used in the logistic support planning process.

At this stage, cadets are also given the task of organizing
emergency shelters and logistic support for internally displaced people.
The task is to provide shelters, food and water supply, transport, health
care, etc. Such a task imposes a need for cooperation with various
structures in the mission, such as local authorities, civilian-military
cooperation, police forces, etc. The problem posed this way allows
cadets to gain insight into the complexity of logistic support of
peacekeeping operations, as logistic requirements often come outside of
the organizational structure and can be outside military frameworks. All
this imposes a need for a more complex consideration of the issues of
preparing personnel for participation in peacekeeping operations.

In the third phase of the exercises, cadets are given a supposed
scenario in which the tactical situation has changed. The neighboring
country BIGLAND has reorganized part of its forces - a mechanized
battalion - on the northeastern border with EASTLAND. In response to
such activities, the multinational command issued an order to reassign
units in a possible direction of the attack from the territory of BIGLAND.
Such a response from the multinational command aims at preventing a
possible conflict, intrusion into the EASTLAND territory, and the
prevention of combat support to the paramilitary forces of EASTLAND, as
shown in Figure 7.

Cadets are assigned the task to plan and organize the transfer to the
new zone of responsibility in the roles of the logistics authorities of the
imaginary units. This task is realized through the following phases:

- Planning the movement, in accordance with realistic constraints and

conditions on the ground;

- Calculation of the required amount of material resources (fuel, food,

water, etc.) during the march;

- Determination of control points and formation of stations for fuel

supply along the direction of movement of units;

- Commander's reconnaissance of the area of deployment of logistic units;

- Giving reports on the completed tasks.
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Figure 7 — Tactical situation at the beginning of the third phase of the exercise
Puc. 7 — Takmuyeckasi o6cmaHo8ka 8 Hayasie mpembeeo amara y4eHul
Cnuka 7 — Takmuyka cumyauyuja Ha noyemky mpehe ¢pase gexbe

A special activity at this stage of the exercise is a practical training of
cadets in the organization of fuel and ammunition supply stations, the
organization of combat support of both stationary and moving logistical
units, procedures for the evacuation of damaged and defective assets as
well as the organization and technology of work in logistic units. A detail
of cadets’ activities in solving tasks of logistic support planning is shown
in Figure 8.

A cadets’ task is to set critical times (starting, stopping, reaching the
destination), critical points along the direction of movement, supply
points, and procedures in different situations during the march.

Depending on the assigned direction of movement and the
characteristics of materiel from particular units, cadets calculate the
required amount of fuel to supply the units on the move. Then, they
determine suitable areas for the organization of fuel supply points along
the direction of movement. In doing so, they must take care to ensure
that refueling is carried out in such a way that there is no congestion and
grouping of vehicles at these locations, primarily for security reasons. It is
also necessary to predict the dynamics of fuel filling and consumption so
that technical assets reach the destination with a fuel reserve for at least
one day of combat by operating budget units (corresponding to a quantity
of 0.2 tank filling). Based on the available and calculated parameters,
cadets produce a march chart that they present during the referral.
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Figure 8 — The cadets’ work on solving logistics support planning tasks
Puc. 8 — KypcaHmbi pewarom 3ada4qu o rniaHupo8aHuro s1o2ucmuy4eckol rno0depxku
Cnuka 8 — Pad kadema Ha pewasarby 3adamaka rniaHupara /102ucmuyke rnoopuke

Upon arrival in the next scheduled area, cadets in the role of
logistics executive organs organize and implement command
reconnaissance. Reconnaissance is carried out at several different
locations in order to assess the situation on the ground for the needs of
logistic units. Each cadet group is supervised by a certain number of
teachers of the host country. After reconnaissance and a decision made
on the logistic capacity allocations, cadets prepare their reports and
present their own solutions to teachers.

Experience from the previous exercises

After analyzing the exercises in the period from 2012 to 2019, the
following conclusions can be drawn:

- During a two-week cadet training exercise, conditions are created
for cadets to improve their communication skills in English language,
especially in military and technical terminology.
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- During the exercises, the cadets had a wish to prove their worth
and display the quality of the acquired knowledge during the education at
the Military Academy. This was also noted during the evaluation of
cadets' work by teachers and instructors from foreign countries, who
especially emphasized the exceptional preparedness, motivation and
capability of cadets of the Military Academy from the Republic of Serbia.

- Preparation of the Military Academy cadets for the participation in
the exercise changed from year to year, in accordance with the acquired
experience. In 2014, 60 hours of teacher and cadet work were planned,
with 20 hours of individual work of cadets. From 2016, 20 hours of
preparations with a teacher have been allocated together with 20 hours
of independent work. The preparations include the introduction of cadets
to peacekeeping operations, training for work in the LOGFAS software
package, familiarization with the rules of engagement of units in
peacekeeping operations, significance of cultural differences, as well as
the technology of work of logistics staff and units in peacekeeping
operations. Based on the previous exercises, it is concluded that this kind
of cadet preparation has been established in an optimal way, since the
cadets can easily engage in solving tasks during the exercise.

The collected materials from the previous exercises are included in
the Logistics Course content in order to improve the logistics practice, as
well as to prepare next generations of cadets for participation in the
FOURLOG exercise.

Conclusion

Participation in the multinational logistics training program
FOURLOG is useful for the Military Accademy cadets for their future
duties after graduating.

This cadets’ exercise allows them to learn more about the methods
of cadet education in foreign higher military education institutions, about
their cadets’ knowledge, skills and abilities. The exercise is based on
teamwork in an international environment where personal capabilities
come to the fore in the field of the application of academic and practical
knowledge acquired during schooling, as well as in the field of
communication, especially in the readiness to take responsibility and
leadership in an incompletely defined and uncertain environment.

The content of the exercise described is based on practical
experience and the tasks are adapted to the cadets’ level of knowledge
and skills. Although the tasks represent segments of problems
encountered by logistics authorities in international peacekeeping
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operations, they allow cadets to gain insight into logistics requirements
with all positive and negative sides, which is one of the goals of the
exercise itself.

Based on the past experience, it can be said that the participation of
the Military Academy cadets in the FOURLOG exercise was commented
positively, especially in terms of the cadets’ motivation for work, desire to
excel, applied knowledge and skills, and the use of software tools that
are not otherwise used in domestic practice. Besides cadet training, this
exercise helps in building up the reputation of the institution from which
they come from and, consequently, the reputation of the Republic of
Serbia, which is one of the ways of protecting the interests of the state
through international military cooperation.
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MEXOYHAPOOHBLIE KAOETCKUE JTOTMCTUYECKUME YHEHUA
,FOURLOG"

Mapko . Muuesny?®, Muna+ H. Ixopmxesny?,

Anekcandap B. Unud®, Hemars H. Masnosuy®, Andped M. Munump®,

Briada C. Cokonosud, koppecnoHaeHT®, MapsH A. MuneHkos®

@ YHusepcuTeT 060poHbl B . Benrpan, BoeHHas akagemus, [lenaptameHT
BOEHHOrO MEXaHUYECKOro MHXWHUPWHTA, 1. Benrpaa, Pecnybnvka Cepbus

o YHuepcuteT 060poHbI B I. benrpag, BoeHHas akagemus, [lenaptaMeHT
BOEHHOrO 3MEKTPOHHOIO HXUHMPWHTA, I. Benrpag, Pecnybnuka Cepbus

® YHnsepcuteT 060poHsl B . Benrpa, BoeHHas akagemus, [lenaptameHT
noructukun, r. benrpag, Pecny6nuvka Cepbus

PYBPUKA TPHTW: 78.03.00 Y4yeHus o BorHE U apMum
BWAO CTATbW: npodeccroHansHas pabota
A3bIK CTATbW: aHrnuinckmin

Pe3some:

OO0HUM u3 eaxHelilWux ¢hbakmopose Mo020MOoeKU KypCaHmos K UX
bydyweli npogheccuoHarbHoU GesimeribHOCMU 10 3aeepuieHuU BoeHHoU
akademuu s65155emcsi ux ydacmue 8 MexOyHapOOHbIX KademcCKux
y4eHusix. B daHHoU pabome nipedcmasrieHa mexx0yHapoOHasi kKademckasi
npogpamma y4qeHuli no noaucmuke nod HaszeaHuem ,FOURLOG" B
cmambe makxkKe Kpamko orucaHa ucmopusi co30aHusi OaHHbIX yYeHud,
opaaHu3auyusi, rnopssidoKk npoeedeHusi U cueHapuu, rpuseedeH o0630p
Jioeucmuyeckux 3adayd, Komopble pacrpedesisrmcs o PosIsiM C yHermom
obsisaHHocmel  yrnpaeneHYeckux U  UCMOMHUMESbHbIX  YfIeHO8
J102UCMUYeCK020 38eHa, a makxe OrnucaH orbim KypcaHmos BoeHHoU
akademuu, YHusepcumema obopoHbi 8 benepade, npuobpemeHHbIl 8
meyeHue MHO20/1eMHe20 ydacmusi 8 OaHHbIX yYEHUSIX.

Kntodesblie crioga: y4eHusi, foeucmuka, mMpeHUpoeka, obpasoeaHue,
Mmex0yHapodHoe 8oeHHoe compydHudecmeo, FOURLOG.

MEBYHAPOOHA KAOETCKA NNOIrMCTUYKA BEXBA ,FOURLOG”

Mapko [1. Muhesuh®, Muna+ H. Thophesuh?,
AnekcaHOap b. Unuh®, Hemarba H. Masnosuh®, AHdpej J. Munhup®,
Briada C. Cokonosuh, ayTop 3a npenucky®, MapjaH A. MuneHkos®

@ YuusepauteT oabpaHe y Beorpaay, BojHa akanemuja, Kateapa
BOjHOMALLUMHCKOT UHXeHepcTBa, beorpasa, Peny6nuka Cpbuja

o YHuBepauteT oabpaHe y beorpagy, BojHa akagemuja, Kateagpa
BOjHOENEKTPOHCKOr MHXerwepcTBa, beorpan, Penybnuka Cpbuja

® YunsepauteT onbpaHe y Beorpany, BojHa akagemuja, Katenpa
noructuke, beorpag, Penybnuka Cpbuja

OBJIACT: BojHa noructuka, obyka nytem cumynauuje

BPCTA YJ1AHKA: cTtpy4Hu pag
JE3UK YJTIAHKA: eHrnecku
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Caxemak:

Padu wmo bosrbe npuripeme 3a obasrbare QyHKUUOHAHUX Oy>KHOCMU
HakoH 3aspwemka BojHe akademuje kalemu y4yecmasyjy Ha
mehyHapodHuM Kademckum eexbama. JeOHa 00 maksux je u
mehyHapodHa kaldemcka noeucmudka eexba ,FOURLOG” Y pady je
npedcmaesrbeH Kpamak ucmopujam o0ee Kademcke eexbe, HeHa
opeaaHu3auyuja, cueHapuo u rnpeearied 3alamaka Koje kalemu pewiasajy y
yriozama yrnpasHUX U U3spUHUX opaaHa roaucmuke. Takohe, Hagode ce
U uckycmea cmeveHa mokoMm euwezoduwiree ydewha kadema BojHe
akademuje YHusepsumema odbpare y beozspady Ha 080j eexbu.

KrbydHe peuu: eexba, noaucmuka, obyka, obpasosare, MehyHapodHa
80jHa capaldma, ,FOURLOG”,
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CABPEMEHO HAOPY>XXAHE N BOJHA OIMNPEMA
COBPEMEHHOE BOOPY>XEHVE 1 BOEHHOE OBEOPYJOBAHVE
MODERN WEAPONS AND MILITARY EQUIPMENT

[esetn mehyHapogHu cajam Haopyxaka 1 BOjHE onpeme
.l1apTHep 2019”

MefyHapogHu cajam Haopyxawa W BojHe onpeme ,[laptHep 2019” ose
roguHe Tpajao je og 25. oo 28. jyHa y xanama 1 n 4 Beorpagckor cajma,
0OHOCHO Ha OTBOPEHOM MPOCTOPY mucnpeg xane 1.

Mokposuters cajma ,[aptHep 2019” TpaguumoHanHo je MuHucCTapcTBO
onbpaHe Penybnuke Cpbuje, cyopraHusatop jaBHO npepysehe ,Jyrommnopt
COMnP”, koje oBe roguHe obenexaea 70 roguvHa MocTojaka, a M3BPLUHM
opraHusatop je beorpagcku cajam. OBe roguHe HacTynuno je yKkynHo 128
nsnarava, og kojux je 96 6uno n3 Penybnuke Cpbuje.

OTBapate oBorogukwer cajvwa obenexuna je u npumonpenaja npsor
xenukonrtepa ,H-1145M” PaTtHoM BasgyxOnyoOBCTBY W MPOTMBBA34yXOMNSIOBHO]
oabpann Bojcke Cpbuje. 3HauajHo je uctahm n ga je 0BOM NMpUIIMKOM U3BPLUHU
anpektop komnanuje ,Airbus Helicopters” ypyuno ceptudmkaT 3a ogpxaBame
XenukonTepa Tuna ,rasena’ BasgyxonnosHom 3aBoay ,Moma CtaHojnosuh”.

OcCHOBHM UMIb CajMa jecTe NpeAacTaBrbake HaopyXarwa U BOjHE onpeme
HauuoHanHux npomssofaya M npomsBohaya U3 MHOCTPAHCTBA, OCTBapuBahe
MOCMOBHE N HayyHe capajre, pa3MeHa McKycTaBa u3mehy cTpyyrwaka u3 oBe
obnacti, OOHOCHO CcTBapawe MO3UTMBHOI ambujeHTa 3a MoKpeTare
nHMUMjaTUBa 3a capajtby U pa3ymeBame.

‘@ J.. s S o Oy LR

lNMpomuemeHkoscku cucmem ,,PAJTAC”, MOHMUpaH Ha suLWEHaMEHCKO 803Us10 8%8 u3
cepuje ,J1asap”, npoussohaya ,Jyzoumnopm CAP”. ®omo: Munow Jesmuh
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Mehy u3naraumma us Peny6nuke Cpbuje LeHTpanHO MecTO CBakako je
npvnano jasHom npegysehy ,Jyronmnopt CONMP”. MNMpeacraBrbeHn cy pasnmumTu
cuctemu, nonyT pakeTHor cuctema ,AJTAC”, HamereHor 3a rafjake NOKPETHUX U
HEMOKPETHMX LuIbeBa Ha KOMHy M BOAM, 3aTUM camoxogHa xaybuua ,HOPA b -
527, kanubpa 155 mm, mogepHn3oBaHa 6opbeHo-oknonHa Bo3una 4x4 M- 117,
»,M-15" y pasnuuntum |<oHd)vlrypal.wljalwa,1 BMLLEHAMEHCKa BO3una Toykawm 8x8
n3 cepwuje ,Jlasap” y pasnnumtum mogenuma u koHdwurypauumjama, mehy kojuma
je  nocebHO  wuHTEpecaHTHO OUNO  NpUMETUTU  KOHdurypauujy ca
NPOTUBTEHKOBCKMM pakeTHUM cuctemom ,PAJNIAC”, koju pacnonaxe pgsema
nnatgopmama ca no 4YeTupu KoHTejHepa. CucTem je NpuMapHO HaMeweH 3a
AejcTBa MNpPOTMB TEHKOBA, OKMOMIbEHMX BO3wmna, yTBphewma u KOMaHOHMX
LueHTapa Henpwujaterba, a MOXe Ce MOHTUPaATW W Ha XeruKomnTepe, OKMOMHa
BO3WNa M Mara MroBuna. YBeK 3anaxeHO je M BULIEHAMEHCKO OKIIOMHO
6opbeHo Bo3uno 4x4 ,M-16 Munow”, koje je GUNo U3NOXeHO ca OarbUHCKU
ynpaBrbaHoM 6opbeHom ctannuom OYBC.

CBoje npou3BogHe nporpame npeacraBunm cy u ,3actasa opyxje”, ,[pBu
naptu3aH a.n.”, ,[MMNT — HameHcka a.g.”, ,Jymko a.n.”, ,TeneonTuk XXMpockonu
n.0.0.”, ,Tpajan kopnopauuja a.n.”, ,Sova Night Vision Systems g.0.0.”, ,Xopyc
a.0.0.”, ,Jdemakc 0.0.0.” n 6pojHn gpyrn. N'ykBa n BENUMKO UHTEPECOBaHE€ Jako
Ce yoyaBarna Ha wWTaHgy , TexHu4kor pemoHTa a.Aa.” us bpatyHua, ns Penybnuke
Cpncke, nocebHo 3a nonyaytomaTcke nuwTtorbe u3 cepuje ,PC9 Bamnup”, y
kanubpy 9 mm Parabellum, ogHOCHO 3a BWMLUEHAMEHCKO OKMOMHO BO3UIO
~ecnot”.

lMonyaymomamcku nuwmors ,PC9 Bamnup” y kanubpy 9 mm. ®omo: Munow Jesmuh

Ha oTtBopeHom npocTopy, ucnpep xane 1, nocetuouu cy ce MOry ynosHaTu ca
kapaktepuctukama BOB-a koja cy Ha 3agyxewy Yy jeavHuuama >KanHpapwmepuje
Penybnuke Cpbuje, ogHocHo CneumjanHe aHTuTepopuctudke jeannuue (CAJ).
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Ha wrangy npomsBohaya ,JymKko a.n.” Ounu cy W3NOXeHW pasnuyintm
KoMnneTn onpeme, nopeg oOCTanux, KOMMMeT HaMeweH jeguHvuama
>Kangapwmepuje, kao 1 koMnneT 3awTuTHe 6anuctuyke onpeme , T — 18”2, Koju je
ucnopyyeH jeavHuuama CneuuvjanHe Gpurage, a koju ykbydyje ,High Cut’
G6anuctnukm wnem ca llIA HMBooMm GanucTudke 3awTuTe, HOocay GanmUCTUYKMX
nnowa (eHr. plate carrier) ca HuBoom 3awTute IV (Stand Alone), 3awTnTHE
OanucTnyke Haovape, 3aWTUTHM OGanUCTUYKM Mojac ca onacadyeM W gpyre
enemMeHTe TakTMyke onpeme. Wsnaray ,Jemakc p[.0.0.” npeacrasmo je
¢deHoMeHarnHe cucteme peHoMmpaHux npoussofaya nonyt ,SIG Sauer”, ,Steyr
Arms”, kao u ,Ceska zbrojovka Uhersky Brod”, na cy ce npucyTHu Mornu
yrno3HaTtu ca atpaktusHom ,Steyr SSG M1”, y kanubpy .308 Winchester, 3atnm
ayTomaTckMMm nywkama m3 cepwvje ,SIG 516” y mogenuma ,G2”, ,Patrol FDE”,
oba y kannbpy 5,56 mm HATO, kao n cuctemuma ,MPX” y kanmbpy 9 mm wu
,MCX" y kanubpy 5,56 mm, nonyaytomatckum nuwrtorbem ,CZ P — 07" n ap.
Beoma vHTepecaHTaH 610 je n cuctem HeobuyHor narnega ,DroneGun Tactical”,
npoussohaya ,DroneShield Ltd”, koju ce kopucTtu 3a npeyanmane KOHTpone Hag
OarbMHCKM yrnpaerbaHoOM OGecnuioTHOM feTenuuomM Tuna ,4pOoH” M HEHUM
npusemsbmBarteMm. aneta ,3actaBe opyxje” je oBe roauHe 6una Goratuja 3a
MoZynapHu cuctem aytomaTtcke nywke ,M-17", HameweH 3a OBa nyl4vaHa
kanubpa — 7,62x39 mm, ogHocHo 6,5%x39 mm MpeHgen.

¥

[eo npoepama , Tactix”, npouseohaya ,Xopyc 0.0.0.” ®omo: Munow Jesmuh

5 . . . »
BehuHa enemeHarta oBor komnneTta udpaheHa je y ourntanHoj MackupHoj wapwu ,M- 107,
[OOK je HEKONUKO, HNp. 3aWwTUTHE pykaBuue, napaheHo y jeaHobojHOj 3eneHo;j HujaHcu.
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MpujaTHO mM3HeHahewe oBoroauvlkwer cajma ,llaptHep 2019” cBakako je
nporpam , Tactix”, koju je mo npeBu nyT npegctaemo ,Xopyc 4.0.0.". Haume, y
nMTawy je MPOU3BOOHW MPOrpaM HaMeweH 3a MpodecuoHanHe npunagHuKe
nonvumje un Bojcke, Npe CBera 3a npunagHvke jeauMHuua 3a crneuuvjanHe HameHe.
lMpoussogu nporpama KpevpaHu Cy npema HajBuMLIMM CBETCKUM CTaHZapAavMma,
T€ N He Yyau WTo 0bjeantbaBajy Heka o4 TPEHYTHO Haj0orbUX peLlera y CBETY,
HeonpaBOaHO He3acTyn/beHa Ha OBUM npocTtopuma. [lpumepa pagu, Hocau
nnoya tmna ,N-1", uspaheH og marepujana ,Cordura 5000”7, onpemrbeH je u
cuctemMomM 3a 6p3o ogbaumsare ,2M ROC/80”. MNopen Hocaya nnoya, nporpam
yKIbyyyje u TakTudke naHTtanoHe ,P-5 SCP”, ,P-6 Spec Ops”’, ,P-2EVO’,
G6opbeHe ayKkceBe pasnMUMTUX Moaena, TaKTU4Ke jakHe, paHuyeBe u ap. Uctu
nponssofau je u 3BaHM4HU guctpunbyTtep ,LOWA” obyhe 3a Peny6nuky Cpoujy.

Mehy npoussohaunmma n3 MHOCTPAHCTBA U OBE roAMHE Ce MOry noceTuTu
WTAHOOBM BeOMa MO3HAaTMX WMeEHa, LWTo, nopeqd ocTanor, norephyje wu
MefyHapooHu yrnen oBor cajma. [locetmoum ce Mory uHgopMmucatn o
peHoMMpaHUM pedriekCHMM HuwaHnma npoussohada ,Aimpoint AB”, koju cy
BeOMa Mnos3HaTtu n 3actyrnrbeHu y Penybnuumn Cpbuju, 3atum cuctemmma ,Safran
Vectronix ag”, ,Safran Electronics and Defense”, ,Surefire LLC”, ,Wiley X Emea
LLC”, caumapuuama cjajHe penyTtauuje utanujaHcke komnanuje ,Benelli Armi
Spa”, kao 1 nywkama 3a npeumsHo raharwe n3yseTHor kBanuTteTa, uHcke ,Sako
Ltd”. ®uHckm npomsBohay npeacTtaBMO je U CUCTEME Ca  MaHyenHum
penempal—bel\n3 -,TRG 22 A1”, ,M10”, kao n ,TIKKA T3x TAC A1”.

Munow M. Jestuh (Milos M. Jevti¢), ypeaHuk cajta specijalne-jedinice.com,
e-mail: info@specijalne-jedinice.com,
ORCID iD: @http://orcid.org/0000-0002-1305-7618

HosocTtun 13 Penybnunke Cpncke: nosiyayToMaTCKu NULITOSb
,PC9 Bamnup”

Moyetkom 2019. rogmHe Mehy HoBocTMMa y obnactm oabpambeHe
WHOYCTpMje Ha OBWM MPOCTOPMMA 3Ha4yajHy naxky NpYMBYKNa je BecT O
3aBpwHMM asama pasBujatba jegHor 030UIbHOM, BeoMa WHTepeCaHTHOr
npojekTa, ca n3y3eTHUM MOTEHLWjanom.

Haume, TexHU4YKM peMOHT u3 ISpaTyHLl,a4 y Penybnunum Cpnckoj je HakoH
,TPN rogvHe pasBoja, ycarnawasaka W TecToBa” TPXKULLTY MOHYAMO CUCTEM
nonyayToMaTCcKOr nuwTorba 3By4HOr Hasumea — ,PC9 Bamnup”. 3axsarbyjyhu
0obpoj BorbM M NpodecrMoHanuMamMy pykoBoACTBa npeay3eha, ayTop unaHka

% EHr. bolt action.

4 Mpenysehe je ocHoBaHo 1955. roguHe kao ApxaBHO npenysehe 3a oppxaBame,
nonpaBky M pPEeMOHT MOTOPHMX BO3wWna. BuwepeueHwjckm pasBoj M wnHoOBauuje y
NPOU3BOAHOM Mporpamy O3HauYMnM Cy TeXHWYKM PEMOHT Kao Moy3daHor napTHepa u
BEOMa BaXKaH efleMeHT y cucTemy HaumoHanHe 6esbepgHocTn u opbpaHe Penybnuvke
Cpnicke.
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nMao je npvBunervjy ga ce getarbHuje yrnosHa ca pagoBuma Ha npojekTy, Kao u
KOHCTPYKUMjCKUM JeTarbnma cuctema.

Moden ca Hasojem 3a MOHMUpakre npueywusaya rnyura. ®omo: Munow Jeemuh

Beh Ha npBuM nomeH HasmBa MpojekTa Naxwy NMeHn jeaHa of HajcTapujux
Cpncknx peyn, koja je onwrtenpuxsaheHa y cBeTy. Y TEXHUYKOM PEMOHTY Kaxy
Aa je To pesynTaT MapKeTMHLUKMX MOTMBa yBo3Huka n3 CALl ga cuctem Hocu
aTpakTuBaH, 3BydaH Ha3uB Te ,CMO Ce O4Sly4nnu 3a ped Bamnup, jep je To jeaHa
O[, HajcTapujux CPrCcKMX peyn, anu npaeu Hasme je PC9”. Pag Ha npojekTy,
nopea n3yseTHe MOTUBALMjE N eHTy3uja3ma, HOCMO je 1 NperpLuT n3asosa, anu
PYKOBOACTBO HWjeQHOr MOMEHTa HMje oAcTynuriio of Makcume: ,[llpaBumo ga
Tpaje”, He npucTtajyhm Ha KOMMpoMuce Kaga je KBanuTeT Martepujana u
uHanHor npouMsBoda y nNuTawy. YnNpaBo M3 TOr pasnora 6uno je MHoro
KOHCynTaHaTa, KOHCTPyKTOopa M3 KOMMNaHuja ca Hawwux, anv M npoctopa
EBponcke yHuje, Koju Cy HyaUNn peLlerwa, anu je KoMnreTaH CUCTEM Y KpajH0j
MepU MPOoM3BO4 3Haka M UCKYCTBA TEXHWYKOr PEeMOHTa, Ha 4Yerny ca rnmaBHUM
KOHCTpykTOpOoM Bnagumupom MNonosuhem.

Monyaytomatckn nuwtorb ,PC9” dyHKUMOHUIIE MO NPUHUMNY KpaTKor
Tp3aja uesn u moamdukosaHor Browning cuctema GpaBrbewa (T3B. ,CuUroea
6paBa”), ca DA/SA okugawem’. BU3YenHO U KOHCTPYKLMiCKM HEOMOIbUBO
nogceha Ha weajuapckn knacuk ,SIG P220”, ogHocHo cepujy ,LI3 99" u3
KparyjeBua, WTo he Ko CTapujux reHepauuwja HeCymMwMBO M3a3Batu Graru
ocehaj Hoctanrmje. JegaH o4 OCHOBHUX KpuUTEpUjyMa KOju je HOBM CUCTEM

5 Ca cunom okvpara of 2,2 kg npu SA, ogHocHo 5,5 kg npu DA okungamy.
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Tpebano ga 3agoBorbu y hasu pasBoja jecTe MOy34aHOCT Yy CBUM KIMMAaTCKO-
TEPEHCKMM ycroBuma®, ca NoCeOHOM NaxkHOM Ha ONTUMMU3aUMjy nepdopMaHCcK
npwv 6p30j 6opbeHoj Narbom.

Jlesu npogpun cucmema y cmaHdapdoHoj eep3uju. ®omo: TPb

Y Be3n ¢ TUM, 3Ha4vajHO je uctahu ga je AyxuHa pama jegHaka AYXVHU
HaBnake LeBu’', WTo omoryhasa u Ayxe BohuLE, OAHOCHO CTaBUIHO, NOy3AaHO
KpeaTawe HaBnake npu pagy. Cuctem je HamereH ,NpodecrmoHanyma 1 CBaku
je petarb Ha bemy npousallao u3 npakce”. Takohe, y dasn passujarba Npojekta
o[, OrPOMHOr 3Hauaja 3a paj umanu cy ,CaBeTu U UCKyCTBa MocebHO obyueHwmx
npunagHuka nonuuuje Penybnuke Cpncke, kao M Takmuyapa y NpakTUYHOM
ctperpawTBy”. Ctora je Benuku Tpya VYAOKEH Wy ONTUMU3aUujy
GanaHcupaHoCT! Maca opyx;ja.

® YV npunor Tome roBope M MofauM U3 MOCNEAHEr ONCEXHOr TeCTUPakba CUCTEMA:
ucnasrbeHo je npeko 15 000 meTaka y eKCTpPeMHMM YCroBMMA, Kao LITO Cy TemnepaTtypa -
40°C mn +60°C, HakoH MOTMyHOr noTanawa Yy BOAY, noTamawa Yy 6maTo 1M nocunawa
neckom. HakoH 15 000 meTaka cuctem je 3abenexuo 6 3actoja, 3a Koje ce Huje noysgaHo
MOFfo YTBPAWTU jecy nu nocfeguua WCTPOLLEHOCTM cucTemMa Wnn ynotpebrbeHe
MyHuUWMje, ann pykoBogehu ce npodecrnoHanHom ofroBopHoLUhy, KOHCTPYKTOpK Cy OBe
3acToje npunucany unak NULITorby. 3aHUMIBLUBO je MPUMETUTU Aa cy HakoH ceakux 1000
MeTaka raflaHe KOHTPOMHe rpyne MU Aa Cy HaKoOH ceam M ocam xurbajga MeTaka bune
yCnelHnje Hero Ha Mno4YeTKy TecTupawa (KOHTponHe rpyne rahaHe cy u3 cnpere 3a
ynyuasare N1LLITOmba, Kako 61 ce enemnHMCao rbyAcku akTop).
EHr. long dust cover.
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MocebaH noHoc KoHCTpykTOpa U3 Penybnuke Cpncke npeacTaBrba
KOHCTPYKLIMJCKO peLLeHe nosnyre gekokepa, o YeMy cy peknu: lonyra gekokepa,
jedVHCTBEHA 3a Halw NULITOSb, MMa ABe yHKUMje, Oa BpaTy ygapad y npegtu
Monoxaj, OOHOCHO YCTaBM HaBrnakKy nNUWITOSba y 3a4HeM Monoxajy npu
ucnarbMBawy nocrneawer mMetka. Ha oBaj HayuH CMO enuMuMHUcanun jegHy
nonyry M3 KOHCTpyKumje cuctema”.

KoHcmpykuujcke kapakmepucmuke

OcHoBHE KOMaHAe Ha cuctemy pacnopefieHe cy noruyHo, gobpo cy
npocunncaHe n nako ce onaxa dwuHa, 3aBplwHa obpaga. Y u3pagun ygapaya
unrb je 6o pga ,oMoryhu MakcumarnHy KOHTPOSy OpyXja W Yy HajTexum
ycrnosuma”. Mmajyhu y Buay Oa je npousBoAdra CUCTEMA Ha CaMOM MOYETKY,
AOCTYNHM Mogenun daBopusyjy AeCHOpyKe CTpernue, anu y pykoBOACTBY UCTUYY
aa he y ckopoj 6yayhHocTn umatn mogen koju he 6utn nogjegHako ynotpebroms
Kako 3a AecHOpyKe, Tako 1 3a NeBopyke cTpenue.

lNoened Ha Hasnaky. ®omo: TPb

MpnamaTtnyHa HaBnaka je 3akoweHa Ha 604YHMM cTpaHama, ca jacHO
nspaheHmm, o00OCTpaHUM ype3uMMa Ha 3adkeM W NpeaweM  Kpajy, pagu
CUrypHujer xearta npw noBnayewy. MexaHuuku HuWwaHW OCTBapyjy AYXWHY
HuwaHcke nuHuje og 161 mm mn ,Novak” cy amusajHa, ca Tpu Tadke, a y pasBojy
Cy HuMwaHu Tpoyrnactor obnvka, OAHOCHO MoAenu ca TPULMjyMCKUM
ueBuMuama. Y wu3paguM pama KOHCTPYKTOpM Cy Ce oanyuinu 3a gypan
anymuvHujym T7075-T6, kako 61 KopucHuUMMa, nocebHo npodecnoHanuuma,
omMoryhunu makcmMmMarHy noy3gaHocT Y KOHTPOJy ¥ CBUM YCITOBMMA.
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WHmeepucaHa ,Picatinny” wuHa ca yemupu ro3uyuje. @omo: TPb

O6nore pykoxBaTa Cy 3a Caja CTaH4apAn3oBaHe BenuuuHe, a kynuuma he
ce wucnopyuymBatn uspaheHe opg nonumepal/ryme, ok he ce Ha 3axTeB
ucrnopyumBatn u anymunHujymcke obnore. [Nonyra 3a ocnobahawe HaBnake
noctaBrbeHa je Ha neBom npocdwuny, usHag obapaya. bpaHuk obapava je
npocTtpaH, omoryhaeajyhun cTpenuy onTuManHO pyKOBakwe U MPU  HOLUEHY
pykaBuua, a ca npeawe cTpaHe je oxnebrbeH. Vcnpen 6paHnka nHTerpucaHa je
,Picatinny” wwuHa ca 4eTupu nosuvumje, omoryhasajyhn npuxsaTt TaKTUYKMUX
aojaraka.

Y TexHunukoMm pemoHTy npegsufajy ga 6w pasBoj ,compact” Bepauje
Tpebano ga noyHe Tokom 2020. roguHe, a 3avHTEpPECOBAHMM Kynuuma cy,
nopen craHgapgHe, OOCTYMHE W EeKCKIy3MBHE Bepauje, OOHOCHO Bep3uje ca
HaBojeM 3a MOHTUpakEe NpUryLlIMBaya nyLHba.

[a je npojekaT KBanUTETHO peanu3oBaH W Ja akymynupa orpomMmaH
noteHuujan ceegoye u OpojHe ycnelwHe npomoumje Ha Mo3HaTUM CcajMoBUMA
Haopyxaka, nonyt IDEX’ y A6y [abujyy 2016. n 2019, satum ,IDEF” y
Uctanbyny 2016, ,MaptHep 2017” n MapTtHep 2019 y beorpaay, ,Eurosatory” y
Mapusy 2018. roguHe n apyru.

Munow M. Jestuh (Milos M. Jevti¢), ypeaHuk cajta specijalne-jedinice.com,

e-mail: info@specijalne-jedinice.com,
ORCID iD: http://orcid.org/0000-0002-1305-7618
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Hosu xapasep 1 codpTBep 3a HeBuarbuee'

Ouvekyje ce ga he y 6nuckoj 6yayhHocTn nunotu noeaua F-35 mohu ga, y3
acuCTeHUMjy BellTayke WHTenuWreHuvje, ynpaerbajy Manum  rpynama
GecnunoTHux netenuua koje he netetn y3 aBnuoH u 6UTKU 3agyxeHe 3a MUcuje
ocmatpama, nssuhama un uurbama.

[aHac ce pasBujajy MHOro Opxu npouecopu, anroputMyM 3acHOBaHM Ha
BELUTAYKO] WHTENUreHumju koju he OUTM 3OpyKEeHM ca CceH3opyma MU
ayToMaTM3oBaHMM ogpXaBaweM, WTo he AoBecTU A0 HOBUX TakTuka Koje he
6uTn y ctawy ga npegsuae 6yayhu passoj NnpeTHy No aBuoHe.

HoBe annukauuje 3acHoBaHe Ha BeLUTAYKOoj WHTenureHumju omoryhuhe
nosumma n 6ombapaepuma F-35 n B-2 6pxun npuctyn 6asama nogataka, 6orne
opraHusoBake WHopmaumja u Opxe pearoBawe. HoBu anroputmu
obesbeavhe borbe ckeHupame, nperneq n opraHvsaunjy nogataka NnpuMIbeHux
Of pasHUX CeH3opa, kao LWTO Cy WHdopmauuje O Hasurauuju, pagapcka
yno3opema, Crvke nnm Buaeo CHUMLMN.

Komnjytepcku anroputmmn omoryhuhe MomeHTanaH mMpuctyn BenNnKUM
6asama nopaTtaka, ynopehuBawy W OpraHWsoBawy WHdOpMauuvja u
ayToMaTM30BaHMM MpouedypanHiM W aHanMTUYKuUM  QyHKUMjama, wTo he
YMHOromMe ornakwaTtu offnyke nuroTta Koju he wumatM Buwie BpemMeHa 3a
OOHOLLEH-E afeKBaTHNX ogJlyka y bopbeHumM mucunjama.

Jloay, F-35, Ha npumep, KOPUCTM paHK OOMKMK BeluTayke WHTENMHIeHuuje
3axBarbyjyhm kojoj ce gobwujajy, opraHusyjy n npencraBrbajy UHgopmaumje Ha
jeaHoM ekpaHy, na Hema notpebe 3a BEhM aHraxoBakweM nuroTa.

Jlosay, F-35

Komnjytepcku cuctem nosua F-35, Autonomic Logistics Information System
- ALIS, kopucTy annvkaumje 3acHOBaHe Ha BEeLITAYyKoj WHTENUreHuumju Koja
nponasu Kpo3 pasHe KOHTPOSHe NUCTe, opraHnsyje nprkasuBarwe MHdopmMauumja
1 AOHOCK oAnyKe, Tako Aa MHTepBeHLMja nunoTa Huje noTpebHa.

"The National Interest May 21, 2019
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OBaj komnjyTep, nog HasueBoM ALIS, ayTomaTusyje NOrMcTUKy aBuMoHa U y
CTamy je Aa 6a3u nowarbe MHopMauuje y Be3un ca cTakem MoOTopa Unn apyrmx
WHCTpyMeHaTa nytem papguo-Bese. OBe uHdopmauuje warby ce rnobarnHoj
MpEeXn TeXHU4Yapa Koja ce Hanasu Ha Lieflom CBETY.

Y 6nuckoj 6ygyhHocTn nunotn noaua F-35 mohu he ga nytem BelwwTayke
WHTENUreHumje KOHTponuwy Mamwy rpyny 6ecnunotHux netenuua koje he 6utu
3afyXeHe 3a ocMmaTpadke u Hanagadke yHKumje.

[anac ce cBe wHcopmaumje y Be3M C TOKOM JieTa, CeH3opuma W
Haopyxakem 6ecnunoTHMx nertenuua, Kao WTo cy Predator n Reaper, wamy
3eMarbCKMM KOHTPONHUM cTaHuuama. Mehytum, y 6yayhHocTu ce ovekyje ga he
6utn moryhe noBe3vBamwe OBMX OECMUNOTHUX feTenuua, OAHOCHO HUXOBUX
nogaTtaka ca enekTpo-onTUYKUX U MHAPALPBEHUX CEH30pa ca KOMMjyTEPCKUM
cuctemoM nosua F-35 n HBUXOBO MpuUKasvMBare ANPEKTHO Ha eKpaHe y KOKMUTY
noBua 6e3 nocpefoBara 3eMarbckmx ctaHmua. OBaj cuctem 6u 3HaTHO ybp3ao
obpagy nogaTtaka Ha MpoCTopy rAe ce nnaHupa masplerwe bopbeHe mucuje.
McTtoBpemeHo 6u ce 3alITMTNO M caM foBaL, Koju He 61 Mopao Aa KoOpUCTK CBoje
aKTMBHE ceH3ope u TuMe 6uo npumeheH o cTpaHe NPOTUBHUKA.

Cam komnjytepcku cuctem noeua F-35 uma OTBOpEHYy apXMTEKTYpy, LUTO
3HauyM Ja je noasiokaH pasHMM COPTBEPCKUM U XapABepcKMM rnpomeHama. To
AaHac npBu okasyjy M3paenuu koju nnaHupajy uameHy, ogHOCHO aganTauujy
TOr KOMNjyTEPCKOr cuctema CBOjUM cohTBEPCKMM pellewmma. OHM HacToje aa
WHTerpuLy xapasep 1 coTeep Ha cBojuM nosuuma F-351 nHctanaumjom ceor
KOMaHOHOr cuctema 3a KOHTpofy, KOMyHuKauuje u padvyHawe (Command,
Control, Communications and Computing (C4) system). V3apaenckn KomaHaHu
cuctem Guhe nocTtaBrbeH KOMaHOHO, W3HaZ OCHOBHOI KOMMjyTEpCKOr cucrema
nosua F-35, wrto he ™My omoryhutu kopuwhewe nogaTtaka ca pasHUx
N3paesickMX CEH30PCKMX NnnatdopMyn 1 HUXOBO npocnefuBarwe ogpeheHum
CaBE3HWYKUM CHarama, y 3aBUCHOCTMK of, 6opbeHe mucuje.

Ha Taj Ha4nH U3paenum he omoryhutu nHctanaunjy ceojux gomahux garta-
NIMHKOBA W AedaH3MBHUX aBMOHMYKMX CUCTEMa, Kao LWTo cy ypehaju 3a
omMeTane pajapa 1 NpoTUBENEKTPOHCKY BoOpOy.

Mopen wmspaenckor patHor BasgyxonnosBcTBa W Benwuka Bputanuja, kao
noysaaHn amepudkn caBesHuk, obuja moryhHoCT nHTerpaumje paketa Meteor n
ASM-132, nok he HopBeluka n Ayctpanuja MoOhu Ja KOpUCTE HOPBELLKY pakeTy
Basayx-mope Naval Strike Missile

Ocrana ctpaHa paTHa Ba3gyxomnnoBcTBa Takohe HacToje aa gobujy Behu
MPUCTYN KOMMNjyTEPCKOM M3BOPHOM kopgy nosua F-35 kako 6w ra npunarogunu
CBOjUM cUCTEMMMA NPOTUBBA3AYXOMnoBHE ogbpaHe, anu 1 CBOjUM cpeacTBMMa
3a Hanag v ogbpaHy, Kao LWTO Cy pa3He pakeTe Ba3gyx-BasAyx, Ba3gyx-3eMiba
n ypehaju 3a npoTMBenekTpoHcKy 6opby. Mehytum, nuTtawe je ga nm he
komnaHuja Lockheed 1O n possBonuTu, npe cBera 300r CUrypHOCHUX, anun u
KoMepuujanHux pasnora.

Amepuukn Gombapaep B-2 je gpyrv npumep yHanpehewa U u3MeHe
xapasepa u codpteepa. OBa neTtenuua gobuja HOBW KOHTPOMHW npouecop 3a
ynpaerearwe neTtoMm koju 6u nogurao nepcdopmaHce nocrtojeher aBMOHCKOT
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komnjytepa 3a uyak 1000 nyta (wTo HWje wusHeHahyjyhe, jep ce pagum o
KOMIMjyTEPCKOj TEXHONOMMjU ca NoYeTKa ocaMAeceTUX rogMHa NpoLUsior Beka).

Hoswu npouecop 6u 3HaTHO noBehao memopujy 1 6p3vHy Mpexe, nomMmorao

aytTomaTtu3auujy HaBurauMoHuWX mnporpama v yHanpeamo TexHonorujy ,fly-by-
wire”, wTo 6u pactepeTuno nunota n omoryhuno My ga ce BuLle KOHLEHTpULIE
Ha cam 6bopbeHun 3apaTak.
Mako je rpafeH Tokom ocamaeceTux roguHa, B-2 je unak gurmtanHm aBuoH Koju
KOPWUCTU ,CTaKMNEHN KOKMUT" 3a NeTHe KOHTPOSE U aBUOHCKe cuctemeyY wemy he
6utn yrpaheHn HOBWM WHTErpucaHu npouecopu 3a ynpasBrbawe NeToMm, a
noctasuhe ce n HoBu pubep-onTuykM kabnosu koju he 3ameHuTn GakapHe
kabrnoBe Koju Cy TpeHyTHO Yy ynoTpebu, wTo he noehatn Gp3vHe npeHoca
nogataka.Takohjebuhe uWHcTanupaH U HoBu cuctem DMS, Defensive
Management System, HOBU CEH30pPCKM CUCTEM KOjU je MpojeKkToBaH 3a
naeHTurKaumjy HermpujaTercke NpoTMBBa3QyXONIoBHE oabpaHe, a crnyxuhe u
3a NpuKkynibawe nogataka o NBO nonoxajuma HenpujaTtersa.

CeBe oBe xapaBepcke u codTBepcke u3MeHe omoryhuhe 3HaTHO
npogdyxaeamwe Beka ynoTpebe aBumoHa, kao wTo cy B-2 n F-35, n wuxoBo
npunarofaBawe HOBUM XapABEPCKMM U COPTBEPCKMM peLLeHMMa.

[Ja nu he HoBe xapasepcke M codTBepcke npomeHe omMoryhntun oBuM
aBuoOHMMa, HapouuTo nosuy F-35, noTnyHo 6e30epaH neT y HenpujaTerbCKOM
oKpyxewy nnm he oHn n garse nmatu npobnem ca yaapom ntuua, octaje ga ce
BMAMN.

Hpaean M. Byukosuh (Dragan M. Vuckovié),
e-mail: draganvuckovic64@gmail.com,

ORCID iD: "= http://orcid.org/0000-0003-1620-5601

JanaHcka nogmopHuLa ca NUTUjyM-joHCKUM GaTepujama’

lMoamopHMUa ca MoroHoMm Ha nUTUjyM-joHcke Oatepuje (LIB) moxaa Hema
ncte nepdopmaHce Kao NogMOPHMLE ca MOrOHOM He3aBUCHMM of Basgyxa (Air
Independent Propulsion — AIP), anu moxe 6utn jow tuwa og AlP n HykneapHmnx
nogmMopHuUa, jep AodatHu Kkanaumtetn 6atepuja aajy NnoaAMOPHUYKOM KaneTaHy
Behy dnekcubunHocT y ycnosuma kaga je notpebHa m3yseTHa HeuvyjHOCT ca
NCKIbYYEHUM reHepaTopvmMa unu y cnydajy kaga je notpebHo n3Bectn MmaHeBpe
Benvkom 6p3mHom. Morno 6u ce pehu ga cy LIB nogmopHuue KopucHuje kaga
nay Ha kpahe natpone.

Tokom oktobpa 2018. roguHe u3 6Gpoporpagunuwta Kobe y Janany
MOpuHyTa je MOAMOpPHULA 3a Kojy ce Moxe pehu ga npeactaBrba HOBY epy Y
NOAMOPHUYKOM paToBaky Ca TEXHOJOMMjOM KOjy BEhrHa Hac KopucTu.

MoamopHuua Oryu (3maj dheHuKC) jegaHaecTa je janaHcka MoaMopHMLA
knace Soryu (Mnaeu 3maj). Mima Behy HocuBocT, oo 4519 TOoHa noaBogHoOr
gennacMmaHa vn gyxvHy go 84 metpa ca nocagom of wesgeceT 1 neT Jbyaw.

2The National Interest May 1, 2019

847

Vuckovi¢, D., SAVREMENO NAORUZANIE | VOJNA OPREMA / MODERN WEAPONS AND MILITARY EQUIPMENT, pp.845-857



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2019, Vol. 67, Issue 4

lModmopHuya Oryu

OHa He ofcTyna MHOro o ocTanumx u3 CBOje Krace: HaopyXaHa je ca wecT
TopnegHux uesn kanubpa 533 Mm koje mory naHcupaTtn go 30 Toprnega Tvna
Type 89 wnn npoTMBGpoAcKUX pakeTa Tuna Harpoon n MMa MakcumarHy
noasofHy 6p3nHy go 20 usoposa. Pagujyc gejctaa joj je 6100 HayTUYKUX MUIba,
OOK je MakcumanHa gybuHa 3apoHa yak 600 m unu 1 Beha, WTO NnpeBasunasun u
OyOuHY 3apoHa HeKMX NPOTMBMOAMOPHUYKMX Topreaa.

YNpKoC BENUYMHW, W3Y3ETHOj MaHeBapabWNHOCTM NyTeM KOMMjyTEPCKM
KOHTpOnMcaHor kopmuna y obnuky crnosa X, ABa HanpegHa naHcepa akyCTUYKNX
Mamaua 1 NPEKPUBEHOCTU CreLmnjanHuM NPOTUB3BYYHUM MNflodama, NnogMopHMLa
Oryu kowTa okoM 536 MunvMoHa gonapa (YeTBPTUHY LieHe aMmepuyke HyKrneapHe
nogmopHuue knace Virginia). 3gBaja ce o CBUX OCTanMx MOAMOpPHMUA MO
TOME LUTO je MpBa Koja KOPUCTU NUTUjyM-joHCKe BaTepuje, uCTe TEXHONOrnje Kojy
Kopucte nameTHu TenedoHu 1 NanTon KOMMjyTepwu.

MogepHe KOHBEHUMOHanHe NOAMOPHULIE KOPUCTE CTPYjy 3a NoKpeTahe
npornenepa u Hanajawe cBoOjux 6opbeHux u Apyrux cucrema. OBuyHO je
npoussoge Au3en MOTOPW U TFeHepaTopu, a CKNaguwTy ce Y KNacU4HUM
ONMOBHMM akymynatopuma ca kucenuHoMm. MehyTtum, amsen moTopu Tpolue
Ba3gyx Npv CBOM pajy, na je noTpebHO Aa NoAMOpPHMLA NOBPEMEHO M3POHU Ha
MOBPLUWHY Ha AyOuHY LLHOpKeNa v Tako AOMNyHW CBOje akymynaTtope. Taga moxe
OUTW OTKpMBEHA U HanagHyTa.

Mopen Tora, NOAMOPHWYKM TreHepaTopu Cy MpununyHo Oy4Hu, na
NnoAMOpHUUA Koja je y GnuanHM HenpujaTerbeBux GpogoBa racu cBoje Av3en
MOTOpPE WM pagn UCKIbYYMBO Ha CTpyjy M3 akymyrnaTtopalaga gonasu go 6psor
npaxmwera OaTtepuja. KoHBEHUMOHaNMHa NOAMOPHMLA  KOja  3arsoBu
MakcMManHomMm 6p3nHomM (06mnyHO oko 20 YBOpOBA) UCMpA3HM CBOje akymynatope
y POKy o jegHor unu gga carta. [Npunukom kpctapehe 6p3vHe of neT o gecet
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YBOpPOBa akymMynatopu Mory gpxatu CTpyjy W OO0 Hekonuko AaHa. JepaH of
HauyMHa 3a npeBa3unaxekwe OBOr nNpobnema je ynotpeba HykneapHe eHepruje
Koja omoryhaBa TroTOBO HeEOrpaHW4yeHy ayToHOMMWjy unnoBuady Behum
O6p3vHama, a Tiwa je og gm3en motopa. Mehytum, n HykneapHa nogmopHuua ca
CBUM HOBMM TEXHUYKUM peLLeHMa npurylivMBara 3Byka je u garoe bydHuja og
NnogMOPHULE KOja MIOBM MCKIbYYMBO Ca MOroHoM Ha batepwuje. dpyrn n moxaa
OCHOBHM MpoOneM jecTe LWITO HykneapHa MOAMOPHMUaKowTa M OO LWeCT nyTa
BULLE O KOHBEHLUMOHANHe NOAMOpPHULIE, a Huje NoTpebHa MopHapuuama Koje
4yyBajy cBOje obane, jep ce aHraxyjy y natponama kpaher pagujyca.

Y nocnegwe ABe AeueHuje MHTEH3MBHO Cy pa3BujaHu MOrOHW HEe3aBUCHU
Of, Basdyxa 3a KOHBeHUMoHarnHe nogmopHuue. lNpeTxogHe nogmMopHuLUe Knace
Soryu nmajy AIP noroH, TakossaHu Stirling closed-cycle heat engines. pBo cy
ra passunu LllBehaHu, a caga ra KOpuCTM U KMHECKa MopHapuua Yy CBOjUM
nogmopHuuama knace Type 039A. NoamopHuue ca AIP NOroHOM MHOrO Cy Tulle
O, HyKJleapHUX NoAMOpHMLA U MOTy OCTaTu NoJ BOAOM U OO HEKONMKO Headerba,
nako Taga mMopajy nnosuTy 6p3vHama Ao wect yBoposa. [Npobnem ca oBakBoMm
BPCTOM MOroHa je rabaputeT K Bpno npucyTaH pu3MK of ekcnnosuja 36or
HecTabunHux racosa.

Kog noamophuue Oryu npucTyna ce OBOM MNpobremMy Ha HOBW HauvH —
nosehaBawem kanauuteta OaTepuja. Op p[gesBegeceTUx roguvHa janaHcke
KOMnaHwvje yBogde nutujym-joHcke 6atepuje y komepumjanHy ynotpeby. Og taga
Ce OHe Hanase y CKOpO CBUM MNPEHOCHUM eneKkTPOoHCKMM ypehajuma. Jnutujym-
joHCcke BaTepuje y OAHOCY Ha KrnacuyHe onoBHe OaTepuje ca KMCENUHOM uUmMajy
Behn eHepreTcky cmeLuTaj y OAHOCY Ha CBOjy BeNnuUMHY U TexuHy. [NyHe ce
MHoro opxxe 1 npasHe ca 80 go 90 npoueHaTa edouKacHOCTU y ogHocy Ha 60 go
70 npoueHaTa kof, onoBHUX baTepuja.

Hoaywe, noctoju npobnem — MoOryhHOCT nperpeBakba NUTUjYM-jOHCKMX
OaTepuja n crnoHTaHor caropeBaka. OBakaB cueHapuj 6uo 6m norybaH no
3apokeHy nogmopHuuy. lNogmHe 2008. pecuo ce HecpehHu cnydvaj kaga je
OOLUNO OO noXapa Ha MUHM MOAMOPHMLM aMepUYKMX CreLmjaniux cHara ycneq
camo3sanarbewa nuTtujym-joHcke 6atepuje.To je n pasnor WTO He Jonasu Ao
Behe npvmMeHe oBe TEXHOMNOrWje Ha BEMUKMM NOAMOPHULLAMA.

JanaH je ynoxuo MHOro cpeficraBa M BpemeHa pagun ocurypawa Behe
CUIYPHOCTM U NOY34aHOCTU CBOjUX NUTUjyM-jOHCKMX BaTepuja Ha nogmMopHULIama
nyTem ojavyaHux Komopa, cTabunmsoBara XeMUjCKMX eremeHaTa u ynotpebe
pasHUX ayToMaTU3oBaHUX cUCTeMa 3a rallere noxapa. Y oBoj 3eMrbyM HaBOAHO
CY U3BEOEHN EKCTEH3VMBHM TECTOBM pPas3nuUuMTUX KOoHUrypauuvja y pasnmyuntum
OKpyXXersuma kako bum ce ocurypao ctabunaH pag 6artepuja.

Ha nogmophuum Oryu 672 nutnjym-joHcka ©aTepujcka mMogyna HaBoOAHO
umajy 6artepujckm kanaumteT jegHak kanauuteTy 480 KnacuyHUX OJIOBHUX
akymynaTtopa. OBu Mogynu Mory ce OonyHUTUM MHOro 6pxe, 3a 1,4 cata ymecTo
npefhawmwunx 2,7 catn. Maga, n ueHa osux b6atepuja je Beha. OHe kowTajy Yak
97 munuoHa ponapa, a onosHe Gatepuje 13 munuoHa. Tpeba pehu n pa je
N3BOOSBMBO YrpaguTu K ynoTpebuTn u nNoroH HesaBucaH of Basgyxa Yy
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kombuHaumjama ca LI 6aTtepujama, Mmaga ce oHa NocTaBrba NMTake KONMKO 6u
TN OFPOMHU TPOLLKOBW BUNN MpUMEPEHM.

KomnaHuja Kawasaki Heavy Industries napaguhe jow jeaHy noamopHuUy
Knace Soryu ca nuTWjym-joHCKUM BaTepujama, ABaHAECTy 1 Nocneawy, a 3atum
JanaH nnaHuvpa ga 3anoyHe npojekToBawe HoBe reHepauuje LIB nogmopHuua.
lNpema HekMm u3BewTajuma, pasmuiwiba ce M O ToMe pJa nocrtojehe
nogmopHuue ca Stirling noroHom He3aBUCHUM of, Basayxa byay onpemrbeHe LI
baTtepujama.

Y mehyBpemeHy je aycTpanujcka MOpHapuua, pagu 3aMeHe ABaHaecT
cBojux nogmopHuua knace Collins, pacnucana TeHgep 3a HOBY MOAMOPHULY Ha
Koju cy JanaHuu nOHyaunuM CBOje MIoBWUMO knace Soryu, 0ok je ®paHuycka
noHyguna nogmopHuuy Ttuna Barracude . Wako cy ®paHuysun pobunm Ha
TeHAepy, OOLWIO je A0 HecrnopasyMa OKO pasmepa dpaHuycke U aycTpanujcke
capafte, na v npomeHa Bnaga obe 3emrbe, Tako Aa je Taj AOroBop caga nof
3HAKOM NuTam-Aa.

WMnak, ayctpanujcke nogmopHuue Oune Ou aHraxxoBaHe y BpJio Ayrum
nartponama, na 6u 6uno HeonxogHO NPOAYXUTU nocTtojehn amM3ajH NnogMopHULE
Soryu pagn cknaguwTtewa Behe konnumHe ropmBa u obesbeherwa Beher
npocTopa 3a nocagy.

Mopen JanaHa, JyxxHa Kopeja un KnHa Takohe pasBujajy nogmopHuue ca
nUTHjym-joHCKUM BaTepujama.

Hpaear M. Byukosuh (Dragan M. Vuckovié),
e-mail: draganvuckovic64@gmail.com,

ORCID iD: ““'http://orcid.org/0000-0003-1620-5601

BopbeHo Bo3uno newaanje KF41 Lynx — Benuka n3sosHa
npunuka’

TpeHyTHO MOCTOje TpM OTBOpPEHa KOHKypca 3a HabaBky BapujaHTe
GopbeHor Bo3una newaauvje y kojuma ydvectByjy Lynx komnaHuje Rheinmetall.
Hajsehu TeHagep je amepuukn US Optionally Manned Figthing Vehicle (OMFV),
YKynHe BpepHocTun 42 munujapge ponapa. OBaj TeHaep HamMeweH je HabaBum
3850 Bo3una 3a aMepuyKy BOjCKY Y pasnuunTtum KoHduryparmjama, a KomnaHuja
Rheinmetall y Tom TeHOepy yyYecTByje 3ajeAHUYKM ca KoMnaHujom Raytheon, ook
ca gpyre cTpaHe MOCTOjM 3ajedHMYKa noHyaa komnaHwja BAE Systems wu
General Dynamics. Tokom nocnegwer ksaptana 2019. roguHe 6uhe nspaheH n
TecTupaH ys3opak, a 3atum he ycnegntn asa MHXEeHEPCKOr M Npou3BOLHOr
pasBoja. OBa gpyra ¢asa nogpasymeBa npoussogwy 14 Bo3una no yroBopy
BpeaHoMm 617 munmoHa gonapa. lNpornawere nobegHnka KOHKypca oYekyje ce
y npBoM unu gpyrom kBaptany 2020. rogunHe.

KomnaHnuja Rheinmetall nma Hamepy [a WMCKOPUCTU CBOje MWCKYCTBO Y
pasBojy Tona 50 mm RH 503 3a yrpagty ekcnepumerTtanHor Tona XM 913 oz 50

3Jane’s Defence International 13 July 2019
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MM Koju 61 kopmcTro MyHuumjy 50X228 Supershot, a koju je TpeHyTHO y pa3Bojy
y CAl. OBakaB Ton 6uo 6u cynepmopaH y ogHocy Ha Tonose og 30 Mm; 6p3nHa
rpaHate 6una 6u jegHaka 6p3uHM 3pHa of 40 nnm 45 mm. CjeanneHe [pxase
HamepaBajy foa yrpage tonose of 30 unu 50 mm.

HMITALL §

KF41 Lynx

Ton XM 913 noctnsao 6u eneauunjy og 85 creneHu, WTO je pesyntar
yrpagHe HOBOI MexaHu3mMa nyH-eHba.

KomnaHuja Rheinmetall 0be3bepguhe MoryhHocT yrpaghe
npoTMBTEHKOBCKe BofeHe pakeTte TOW Ha mogynapHoj kynonu BBl Lynx. OBa
pakeTa je OCHOBHa MPOTMBOKIIONHA pakeTa Kojy KOPUCTU aMepudka BOjCcKa joLu
on 1973. rogMHe M OO0 faHac je Buwe nyta MOAEPHW30BaHa. TpeHyTHO
HajmogepHuja Beps3uvja je BGM-71F TOW ca nonyayToMaTCKMM CUCTEMOM
Bofhewa u TaHaem-6ojeBom rnasom. Vima makcumannun gomet o 4500 meTapa u
oyekyje ce ga he octatu y Haopyxany amepudke Bojcke 0o 2050. roanHe.

Ocum tona XM 913 u BoheHe npoTmBTeHKOBCcke pakete TOW, komnaHuja
Rheinmetall pagn v Ha obe3befuBamwy agekBaTHe 3awTuTe. Hucy HaBegeHe
npeumsHe uHpopmauuje y Be3u € nacusHuMm oknornom BBI, ann ce
npetnoctasrea ga he sawtnta 6utn Ha HMBoy STANAG 4569, HuBO 6, WTO
3HauM ga v oknomn WTUTUO BO3UNO of NpobojHux 3pHa 30 MM ucnarbeHux ca
parbuHa go 500 m.

Bosuno je sawTtuheHo op ekcnnosvja MmHa W Moryhe je HakHagHo
NnocTaBuTM 3alITUTY OA KaceTHux 6ombu. KomnaHuja cmatpa ga je oBakBO
pelueHte HEONxoAHO, jep ce ovekyje GpojyaHa Hagmoh og 10 npema 1 y
apTurbepujckum gyenuma ca Pycujom. OBakBO NoTeHUMjanHoO peluere je Bpno
BaXHO, jep Pycuja MacoBHO KOPUCTK KaceTHY MyHULWjy 1 NpoBojHe NpojeKkTune.

MogepHa 3awTuta je yHanpeheHa M MNyTeM €enekTPOHCKE apXuTekType
OTBOpEHoOr KoAa, koja he 6uTn HanajaHa NUTKUjym-joHckuM GaTepujama, a koja he,
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no Hasoguma KoMmnaHuje, omoryhutu pag 3aWTUTHUX CUcTeMa Bo3una
»,PENaTNBHO Oyro‘.

Bo3nno moxe GUTK onpemMrbeHo akTUBHUM cUcTeEMOM 3awTtute Quick Kill
KomnaHuje Raytheon. OBaj cMCTEM aKTUBHE 3allTUTEe pagu Yy cChpesn ca
pagapckum CEH30pOM M CUCTEMOM 3a ynpaBibake BaTpoM. [lpojektunu ce
NnaHcupajy BepTUMKanHO M napyagHOM eKCnsiio3vjoM YHUWTaBajy wunu ckpehy
Hagonasehu npojekTun.

MogepHo GojuiTe nogpasymeBa U pag y nogpydjy Koje je noa AejcTBOM
€neKTPOoHCKOr Hanaga npoTuBHuka. Y Ttom cmucny BBl KF41 Lynx wmahe
MOryhHOCT yrpaghe cuctema 3a enekTpoHcka gejctea. To je uHade obnact y
kojoj cy CALl 3HaTHO u3a Pycuje, Tako Aa TakBa MOryhHOCT BO3uMa MOXe
npeacTaBrbaTv U BEMUKY NpegHOCTY Y OOHOCY Ha CynapHUYKO BO3UIIO.

Mopepn Tora, BO3uNo Moxe GUTKM ONpPeMrbeHO M GECNUIIOTHOM NeTenuLoM
Coyote, komnaHunje Raytheon,.

Coyote je jegHokpaTHa neTenuua onpemMrbeHa BUaeo ceH3opom y 6oju (10
nyTa ONTMYKO 3yMupawe) M AyanHo Mofapu3oBaHMM CEH30pOM (4Ba MyTa
aurntanHo 3ymupame). Cuctem moxe 6utn onpemsbeH n 60jeBOM rmaBoM W
ynotpebrbeH 3a  MAEHTMUKAUM)y U enMMUMHauMjy  HenpujaTerbCKux
b6ecnmnoTHux netenuua. Oea moryhHOCT MOXe OMTK KIbyyHa y onepauuvjama y
Kojuma he GecnunoTHe netenuue Gutn KopuwheHe y noumpawy nosuvuvja u
KoopAuHaLUmju apTUrbepujcke BaTpe.

JedHa o He Mahe BaXHUX KapakTepucTuka je n maca BBI1. Y oCHOBHOj
KOHUrypaumju maca usHocu 36 ToHa, a Moxe 6utn nosehaHa yak go 50 ToHa.
Mopepn Tora, Bo3uno he 6UTK oNpemMIbEHO CUCTEMOM ENEKTPUYHOr ynpaBibaka
(drive-by-wire), a noctoju MmoryhHoCT yrpagwe n 6ecnocagHe Kynorse.

Aycmpanujcku meHOep Land 400 phase 3

Ha ayctpanujckom TeHgepy Land 400 phase 3 yyectBoBahe u BVP Lynx
pagu 3ameHe okrnonHux TpaHcnoptepa M113AS4 koju ce Hanase y ynoTpebtu
aycTpanmjckux opyxaHux cHara og 2012. roguHe. BVP Lynx wmoxe 6utn
KOoHGwurypucaH 3a ynotpeby y AycTtpanuju, wto 6m 3Hauuno ga he BO3uIo
HOCWUTK OO ABe TOHe onpeme BOjHuKa, YKibydyjyhn n dpwkugep, wro 6u éuno
HEeonxo4HO Ha OrPOMHUM BPENUM NPOCTPaHCTBUMA.

Y okBupy notpeba ayctpanujckor TeHaepa Land 400 phase 3BVP, Lynx he
6uTn HaopyxaH Tonom 30 mm MK30-2ABM, BoheHOM pakeToM BENMKOr JomeTa
SPIKE v parbvHCKu ynpasrbaHOM OpYXXHOM cTaHuuom EOS.

3axTeBn aycTpanujckor TeHgepa cy 281 Bosuno ca kyrnornama n 119
Bo3una 6e3 kynona. Komnanunja Rheinmetall popaje na he 6utn y moryhHoctu
Aa ucnopy4du gogatHux 117 Bosuna KoHurypmcaHux 3a ynotpeby y noructuum,
Kao Hocaun mmHobauaya, 3awTuheHnx ampubuja nnmu Hocava MyHuumje.

BVP Lynx je npojektoBaH ca MOAyNapHWUM KPOBOM MNO3ajMIbEHUM ca
OKMOMHOr TpaHcnopTepa Boxer, WTO 3Ha4M Ada je y poKy o4 Tpu caTa moryhe
n3MeHMTN HameHy nnatgopme ca BBl Ha OT.
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KoHauHo, jenaH of 3axTeBa TeHAepa je W UHTerpauuja akTMBHOr cuctema
3awTuTte Iron Fist napaencke komnauuje IMI Systems. O4ekyje ce yrpagHa oBor
cMcTema y cBako BO3WIIO.

3ameHa BMP-2

Komnanwuja Rheinmetall no3saHa je ga yyecTByje Yy jaBHOj HabaBLM Koja ce
oAgHocu Ha 3ameHy BMP-2 y Yewkoj Penybnuun. JaBHa HabaBka nogpasymesa
3ameHy 210 Bo3una koja Tpeba ga 6yay McnopyyeHa u noTnyHO onepaTtuBHa A0
2026. roguHe. Pagn ce o cegam KoHdurypaumja, ykrbyyyjyhr OKNonHo BO3uno
nelwagmje ca NpocTopoM 3a O0Cam BOjHMKA U MOCadoM of Tpoje rbyaun, Kao 1 3a
WHXUHEPUWjCKO BO3MITO Ca NPOCTOPOM 3a CeflaM UHXMHepaLa 1 3a eKCrnio3uBHU
Teper.

Bosuna wmopajy 6utm komnatubmnHa ca 3axteBuma HATO, wro
noapasymeBa uHTerpucanu komnjytepckn cuctem CANbus, Land Data Model un
OPY)XHU MHTErpucaHu cuctem 3a ynpasribakbe Gopbom — WINBMS. OBakBa
Bo3una omoryhuna 6u Yewkoj ga ynotpedbu cegmy mexaHusoBaHy Opuragy ca
cHarama HATO.

Ouekyje ce pga he BVP Lynx noyetn ca Tectupawem TokoMm maja 2019.
lognHe, a cynapHuum cy my CV90 komnanuje BAE Systems, ASCOD komnaHuje
General Dynamics European Land Systems n Hemauka Puma.

Hpaeax M. Byukosuh (Dragan M. Vuckovié),
e-mail: draganvuckovic64@gmail.com,

ORCID iD: ““'http://orcid.org/0000-0003-1620-5601

Konuko je cTtBapHO ,HEBMASBMB” HOBU (hpaHLyCKM foBaly
Rafale F4.2?*

Tokom jaHyapa 2019. cpaHuyckn muHuctap oabpaHe Florence Parly
objaBuna je ga he ®dpaHuycka ynoxutu 2,3 munuvjapge gonapa 3a passoj HOBe
F4 reHepauuvje OBOMOTOPHOr BuLLeHameHcKor noBua Rafale. OBaj apaHxmaH
ykrbydmhe npounssoawy nocriefwe cepuje og 28 noeaua of nopyyeHux 180, a
6uhe ncnopyyenn y nepuogy oa 2022. no 2024. roguHe. HakoH Tora ycneguhe
HabaBka popatHux 30 netenuua Rafale F4.2 y nepuoay namehy 2027. o 2030.
rogvHe, WTo 6u 3Hayuno Aa he ykynaH 6poj oBux netenuua goctuhu umndpy oa
210. ®paHuycka og 2008. roguHe KOPUCTU KOMHEHE 1 MOMOPCKe Bep3uje nosaua
Rafale y 6opbeHum pejctBuma y ABraHuctady, Wpaky, Jlubuju, Manujy un
Cwupwuijn.

U nopep ybaumBanwa oppehennx ,HeBuarbuemx” TexHomnoruja, Rafale Huje
npasu ,HEBUIBMBW” aBMOH Kao WTo cy F-35 n F-22, nako je TayHo je ga cy kpuna
n Tpyn dpaHUyCKOr aBMOHAa YrNaBHOM CacTaBfbEHW Of pagapcku ynwujajyhux
KOMMO3UTHUX MaTtepwujana u nakor TuTaHujyma. [pyre ,HeBuarbuse” ocobuHe
npojekta cactoje ce o MnocebHO 0ONMKoBaHMX YCWUCHUKA Ba3gyxa,

“The national interest 14 July2019
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MOAMMDUKOBAHNX MBMLUA M NocebHO au3ajHupaHor cuctema xnahera nsgyBHUX
racoBa paau peaykuuje nHgpaLpBeHor 3padyersa.

®paHuyycku nosay, Rafale

OBako ausajHnpaHu Rafale vma pagapcku ogpas HewTto mano sehu o
jeoHor kBagpaTHOr MeTpa, LUTO je CNMYHO ogpasy amepuukor nosua Super
Hornet n esponckor nosua Typhoon, anu 3HaTHO BULLE O ofpasa aMepudkor
nosua F-35. KonHeHe Bep3uje nosaua Rafale TpeHyTHO kowTajy nsmehy 76 n 82
MUIIMOHAa Joriapa Mo aBUOHY, LUTO je CaMO HE3HATHO Mane of LieHe nosua F-35,
Maga je notpebHO NpMMETUTM Aa Cy onepaTvBHU TPOLUKOBW dpaHLyCKor foBLa
3HaTHO MakU Yy ogHOCY Ha amepuykmn F-35.

®dpaHuycka HuKaga Huje 03burbHO pasmullrbana o0 HabaBum amepuykor
nosua F-35, Beh je, 3ajegHo ca Hemaukom, KpeHyna y pa3Boj LecTe reHepauuje
oyayhux HeBuabmBMx 6opbeHnx BasayLHMX Mraswaka. Oyekyje ce ga he npsu
noBUM LWecTe reHepaumje yhu y onepatmeHy ynotpeby y nepuoay og 2035. go
2040. roguHe. Jo Tapa he ®paHuycka nosehatn 6poj netenuua knace 4.5
WHTErpaLmjom HoOBE aBMOHUKE CIIMYHE OHOj Y amepuykom nosuy F-35, npe ceera
Ha nnaHy nckopuvwhaBara MpexHe pacnogerne nogaraka.

Rafale je mHoro okpeTHuju og F-35, nma Behy 6Gp3uHy ycnoHa, Gorbu
paaujyc okpeTawa M MOryhHOCT ogpxaBawa cynepkpcrapehux 6GpsvHa (1,4
maxa). Ca gpyre cTpaHe, y ogHocy Ha Behe noBue 4eTBpTe reHepauuje, Kao
wto cy Su-35 nnun F-15, Rafale nma mawun nnadoH neta (15 240 m ymecto 18
288 M) n mawy MakcumanHy 6p3unHy (camo 1,8 maxa y ogHocy Ha 2 go 2,5
Maxa).
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Mnak, cama arunHoct Hehe mHoro nomohu noeuy Rafale ykonuko Oyne
HanagHyT ca BENWKUX AdarbvHa HenpujaTerbeBMM pakeTama 3emriba-Basgyx U
HeBuASbMBUM NnoBuuma. Pagm komneHsaumje HegocTaTtka, Rafale je onpemrbeH
HanpedHVM CUCTEMOM 3a €EneKkTpOHCKa [fejctBa Spectra koju no HaBogvma
npou3sohaya MoOXe yMawUTM pagapCku odpa3 aBUOHA HEKONUKO nyTta —
npeTnoctaB/ba Ce QfJa MNOMeHyTM cuctem opbauyje pagapcke curHane
ynoTpebom ,akTUBHOr noHuwTaBawa”.Cuctem Spectra Takohe cagpxu n mohHe
omeTaye, kKao u ypehaje 3a wusbaumBarwe MNpOTMBPagaApPCKMX Mamaua,
obe3behyje nokpuBawe y kpyry og 360 cTeneHM n nomMaxe nurnoty Yy
oapehuBaky nosuvumje Henpujaterbesor 6opbeHor cpeacTaa.

HaBogHo je cuctem Spectra ycnewHo ynoTpebrbeH wusHag nubujckor
BasayLwHor npoctopa TokoM 2011. rogvMHe, U TO Npe Hero LTO CY YHULLTEHU
nMbunjckn cMcTemMm 3a NPOTMBBA3AYyXOMNSOBHY 0a0paHy.

Octane krbydHe cnocobHOCTM HOBe Bep3uvje noBua Rafale ykrbyuvyjy
cnajate ceHsopa BuweHameHckor AESA pagapa RBE-2AA koju moxe npatutu
BUWe MeTa Ha parbhHama go 200 kKM CBOjUM AWCKPETHUM WHpaLpBeHUM
CUCTEMOM 3a Tpaxewe n npahewe unju je gomet Yak go 100 km. Munotn nosua
Rafale ynpaBrbajy aBUOHCKMM MHCTPYMEHTUMA MyTEM [[TAaCOBHMX KOMaHAM 1 Tay
CKPWHOBA.

BuweHameHckn nosay HaopyxaH je Tonom Tuna pesonesep kannbpa 30 MM
n y6ojHnm cpeacteuma mace oo 10 000 kr Ha 14 noasecHunx Hocava. C 063mpom
Ha To ga ®PpaHuycka KopucTu cHare y Adpuun, Moxe OUTU JONyHEH TOKOM
neta. Y cnyvyajy oyrux TpaH3UTHUX fieTOBa MOXe HOCUTU U [0 NeT CNOoSbHUX
pesepBoapa 3a ropmeo, a y cTawy je aa nonehe ca HENOTNYHO NPUMNPEMIbEHUX
aepoapomMa 3a pas3nuky of BehuHe noeaua BUCOKMX NepdopmMaHcu.

lima je Hoeo y sep3uju Rafale F4?

Komnanuwja Dassault npon3Bogn Tpu OCHOBHa Tuna noBua Rafale —
jeaHocen Rafale-C, nBocen Rafale-B (popaTHu unaH nocage je 3agyXeH 3a
opyXaHe CuUCTeMe Yy Chnyudajy jypuliHuUX u mssuhadkmx mMucuja) 1 jegHoceq,
Rafale-M npencrtaBrba MOpHapu4uKy Bep3unjy 3a Hocade aBMOHa Koja je
onpemMrbeHa 3ayCTaBHOM KyKOM, OjadaHuMM cCjajHum Tpanom u ypehajem 3a
npeTtakawe ropmsa. CBaka o OBUX Bep3uja nma gogaTHe Hasuee y cknagy ca
n3BpLUEHNM MOAEepHU3aunjama, kao wrocy F1, F2, F3n F3R.

MopepHusaumja nog osHakoMm F4 yBoau pogatHe MOryhHOCTM Koje ce
ogHoce Ha ynoTpeby MpexHWX cucTema y MoaepHOM GOpGEeHOM OKpyXery U
NOMMCTUYKO OJpXaBake CNUYHO OHOM Ha amepudkoMm nosuy F-35, wTo
omoryhyje nosuy Rafale cTBapake MHOMO NpeLun3Huje cnvke y cBom 6opbeHom
OKYyXXEeHy, jep Ce mnojauu ca CeH3opa M pa3MeHa nogataka ca HOBUM
caTenNUTCKMM KOMYHMKaLMOHUM cucTeMUMa BpLuM Yy oba cmepa 1 y 6e3begHom
oKpyxemy. [TnoTn noceayjy v kauure ca yrpaheHum gucnnejuma.

HedaH3mBHn cuctem Spectra gobuhe MHOrO CHaXHWje oMeTaye U HOBe
WHpopmaTmnyke 6Gase nogaTaka koje ce oAHOCe Ha nojaTtke MNoTeHUMjanHux
npotuBHuKa. [Nopen Tora, komnaHwja Dassault Tpaxu moryhHocT ynoTtpebe
TexHonoruvje ,Big Data” y cmucny pasBoja NpeavKTUBHOI CUCTEMa OApXaBahba
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cnuyHor cuctemy ,ALIS” Koju ce KopucTU y normctTuykoj nogpwum nosua F-35,
anu 6e3 HegocTaTaka Koje je Taj aMepuykn CUCTEM NOKa3ao.

HoBa Bep3uja ykibyunna 6u u mogmdukoBaH mog pagapa RBE-2AA y
cryyajy mucuja Basgyx-3eMiba, OUrnTanHe KOMMjyTepe KOju KOHTponuwly pag
MoTopa M88, HOoBM HMLWAaHCKM nofBecHu ypehaj Koju 6u KopucTMo anroputme
BELUTaYKe MHTEnureHuuje pagun 0p3e aHanmse u npeseHToBawa UHopmMaumja
nunoty. MopHapuyka Bep3auja Rafale-M pobuhe n HOBM ayTOMaTU30BaHU
CUCTEM 3a crneTake Ha Hocaye aBuoHa.

HoBa Bepsuja nosua 6uhe HaopyxaHa yHanpeheHum mogenom pakete
Ba3ayx-Ba3gyx KpaTkor 0o cpeawer gometa Mica ca pometom o 49 murba.
Mica moxe 6utn naHcupaHa 6e3 UHMLMjanHor 3akibyyaBawa MeTe U HakHagHo
BOfleHa nyTem faTa-NuUHKa Ha NOBLY Npe yKibydvBawa WHMpaupBeHOr uiu
AESA Tparada 3a koHayHO HaBohewe Ha uurb. HoBa Bep3wja pakeTe Ouhe
onpemMsrbeHa HOBMM MOTOPOM Ca BEKTOPMCaHUM MOTMCKOM 3a M3BOMEHE YCKMX
MaHeBpa. Mica moxe 6utn naHcupaHa 6e3 ynosopera NpoTMBHMKA jep 1 nosay,
N pakeTa KOp1CTe NacMBHO UH(PaLPBEHO HULLIAHEHE.

Paketa Mica-NG wvmahe HoBe uHdpaupBeHe ceH3ope ca 60rbum
nepcopmaHcama npoTuB ,HEBUAIBLMBUX  noBaua, Befy KOMMYMHY MOrOHCKOr
ropmBa 3a Hanag ca Behux darbvHa M WHTErpucaHe MHTepHe CeH3ope pagu
ymarera TPOLKOoBa ofpaBawa. HbeH gyanHu nyncHu motop omoryhuhe joj
ybp3aBarbe HenocpegHo npen pAeToHauumjy u Tume Behe MoryhHocTM 3a
YHULLTaBawe MeTe.

Hose Bepauje noeaua Rafale F3R v F4 mohu he ga naHcupajy 6putaHcke
pakeTe Meteor koje nete 6p3vHOM oA 4 Maxa 3a Hanaj Ha LuIbeBe Ha BENVKNM
pasgarbnHama.

Jow jegHo HoBo ybojHO cpeacTBo nNpeaBuheHo je 3a MHTerpaumjy Ha HoBe
Bep3auje nosua Rafale, a To je AASM HAMMER ca cuctemom Bofjera CIM4HOM
amepuukoj paketn JDAM ca macom go 1000 kr. [lo caga je Rafale morao ga
HOCK camMo Bep3ujy pakeTe mace Ao 220 Kr ca Nlacepckum, MHApaLpPBEHUM UMK
caTtenutckuM cuctemuma Boherwa. 3a pasnuky of amepudke pakete JDAM,
HAMMER wma n pakeTHM MOTop, WTO My omoryhaBa norahawe uurbeBa Ha
AarbuHama go 37 Mmurba kaga je naHcupaHa ca Behux BucuHa.

Rafale he, Takohe, 6utn mogudumkoBaH M 3a wuHTerpucawe Oyayhux
MoaepHu3auuja ppaHuycke ,HeBuarbuee” noassydHe pakete SCALP-EG, kao u
cynepcoHunyHe kpctapehe pakete ASMP-A koja Hocu HykneapHy 6ojeBy rnaBy
oA 300 kunoTtoHa. HaBogHo, ®paHuycka pasBuja U XUNEPCOHNYHY BEP3ujy OBe
pakete AS4NG kojoj he gomeT 6uTtn nosehaH ca 300 Ha npeko 660 murba.

TpeHyTHO, (ppaHuycka Armée de [Aire wvma Tpu eckagpune
BMLUEHAMEHCKMX aBuoHa Rafale n ABe eckagpune 3a HykneapHe Hanage Koje ce
Hanase y jyro3anagHom 1 ceBepoucTodHoM aeny ®PpaHuycke, kao n y 6asn al-
Dhafra, y Yjeanwennm Emmpatuma.

®dpaHuycka MopHapuua umMa Tpu eckagpune aBuoHa Rafale-M koju ce
poTupajy Ha dpaHLyCKOM HyKrneapHoM Hocady aBuoHa Charles de Gaulle.
Tokom 2018. roguHe jegHa eckagpuna je buna cTtauuoHMpaHa Ha aMepuykoMm
Hocauvy aBuoHa George H. W. Bush.
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Hoeu Rafale F4 he nocteneHO 3aMeHUTU CBe (paHLyCKe aBUOHe Tuna
yeTBpTe reHepauuje Mirage 2000 op kojux je TpeHytHO 110 y ynoTtpebw.
MnaHupa ce, HaBogHO, Ja CBM aBWMOHWM Tuna Rafale 6yoy mMopepHW3oBaHU Ha
ctaHpapa F4.

Komnanwuja Dassault ncnopyunna je aBuoHe Rafale Erunty (24), Katapy
(36) 1 Nngujm (36). MNocToju moryhHOCT Aa cBe Tpu ApXXaBe AOAATHO Nopyde joL
OBUX feTenuua, Mako je MoBOAOM HuxoBe LeHe Yy WHaujy mn3dbmo Benukm
MONMUTUYKN CKaHgan.

Kako ®paHuycka mopa cadyekaTtu jow ABe AeueHuje o yBohewa HOBOr
€BpOorncKor ,HEBMABLUBOr” NOBLA, OYekyje ce ga he nomeHyTe moaepHusauuje
oMmoryhutn OBOM JOBLY YCMeWHy onepatuBHy ynoTpeby y HOBOj epwu
,HEBNOIBUBMX” aBMOHA M pakeTa 3emMrba-Ba3gyx Ayror gjomera.

Hpaear M. Byukosuh (Dragan M. Vuckovié),
e-mail: draganvuckovic64@gmail.com,

ORCID iD: "= http://orcid.org/0000-0003-1620-5601
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Mo3nB N YTIYTCTBO AYTOPUMA
NPUMALLEHWE N MHCTPYKUWA 1A ABTOPOB PABOT
CALL FOR PAPERS AND INSTRUCTIONS FOR AUTHORS

Nno3uB U YNYTCTBO AYTOPUMA O HAYMHY NPUNPEME YJTAHKA

YnyTCcTBO aytopuma O HayvHy npunpeMe 4naHka 3a objaBrbuBarke Y
BojHomexHu4ykom enacHuky ypaheHo je Ha ocHoBy AkTa O ypehuBawy HayyHUX
yaconuca, MwuHuMCTapcTBa 3a Hayky W TexHonowku passoj Penybnuke Cpbuje,
eBuaeHumMoHn 6poj 110-00-17/2009-01, og 09. 07. 2009. roguHe. MNpumeHa osor AkTa
NPBEHCTBEHO CNyXM yHanpefewy kBanuteta gomahmnx yaconuca n HUXOBOTr NOTNyHWjer
yKIbyunBamwa y MeflyHapogHu cuctem pasmeHe HayvyHux nHdopmaumja. 3acHOBaHoO je Ha
mehyHapogHum ctangapamma ISO 4, 1ISO 8, I1ISO 18, ISO 215, 1ISO 214, 1ISO 18, 1ISO 690,
ISO 690-2, 1ISO 999 1 ISO 5122, ogHocHo ogroeapajyhum gomahvum ctaHgapavma.

BojHoTtexHuuku rnacHuk / Vojnotehnicki glasnik / Military Technical Courier
(BTr.mo.ynp.cp6, www.vtg.mod.gov.rs, ISSN 0042-8469 — wrtamnaHo unsgawe, e-ISSN
2217-4753 - online, UDC 623+355/359, DOI: 10.5937/VojnotehnickiGlasnik;
https://doi.org/10.5937/VojnotehnickiGlasnik), jecte mMynTUOUCUMNMHAPHU  HaYYHU
yaconuc MuHuctapcTtBa on6paHe Peny6nvke Cpbuje, koju objaBrbyje Hay4yHe 1 CTpyyHe
ynaHKe, Kao W TEeXHUYKe WHOopMmauMje O CaBpPEMEHWM CUCTEMUMA Haopyxaka W
caBpeMeHMM BOjHMM TexHomnorvjama. Yaconuc npaTtv jeauHCTBEHY WHTEPBWUOOBCKY
TEXHWYKY NoApLUKY Bojcke Ha npuHUMNY NOrMCTUYKE CUCTEMCKE MoApLuKe, obnacTu
OCHOBHWX, MPUMEHEHUX U Pa3BOjHUX WUCTPaxuBaka, Kao M MPOU3BOAHKY W ynoTpeby
cpeAcTaBa Haopyxara W BOjHE onpemMe, Te ocTana Teopujcka U npakTuyHa gocturHyha
KOja OonpuHOCe ycaBpluaBaky CBMX MpunagHuka cpricke, pernoHanHe u mehyHapogHe
akagemcke 3ajegHuue, a nocebHo npunagHuka MuHnctapctea ogopaHe n Bojcke Cpbuje.

MuvHUcTapcTBO NpOCBETE, Hayke W TexHonowkor passoja Penybnuke Cpbuje,
carnacHo oanyum u3 unaHa 27. ctaB 1. Tauka 4), a No npubGaBrbLEHOM MULLIbEHY U3
ynaHa 25. ctaB 1. Tauka 5) 3akoHa 0 HayyHouCTpaxuBaykoj aenatHocTu (,Cryxb6eHu
rmacvuk PC”, 6p. 110/05, 50/06-ucnp. n 18/10), yTBpauno je karteropusauujy
BojHoTexHu4kor rnacHuka, 3a 2018. roguHy:

3a 06nacT TeXHOMOLLKM pa3Bo;j:

— Ha NMCTU Yaconuca 3a Matepujane u xemmjcke TexHornoruje:

kaTeropuja Bogehu Hay4yHu Yaconuc HaumoHanHor 3Ha4vaja (M51),

— Ha NIMCTK Yaconuca 3a MalIMHCTBO:

KaTeropuvja Hay4YHu Yaconuc HaumoHanHor 3Ha4vaja (M52),

— Ha NUCTU Yaconuca 3a efieKTPOHUKY, TerneKkoMyHuKkaumje n nHcopmaumoHe
TexHonoruje:

kaTeropuja Hay4Hu yaconuc (M53),

3a 0brnact OCHOBHa UCTPaxuBaHa:

— Ha NMCTU Yaconuca 3a MaTeMaTuKy, padyyHapcKke Hayke U MeXaHUKY:

KaTeropwuja Hay4Hu Yaconuc (M53).

YcBojeHe nucte gomahux yaconmca 3a 2018. rogMHy mory ce BMAETU Ha cajTy
BojHoTexHuukor rmacHuka, cTpaHuua Kameeopusayuja udaconuca (MwuHucTapcTBO

npoceeTe, Hayke M TexHonowkor paseoja Penybnuke Cpbuje jow yBek Huje 06jaBuno
3BaHWYHY KaTeropusauumjy Hay4yHux Yaconuca 3a 2019. roguny).

HeTtarsHuje nHopmauuje mory ce npoHahu u Ha cajty MuHucTapcTBa npocseTe,
Hayke 1 TexHornoLlkor pa3soja Penybnuke Cpbuje.
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Mopaum o kateropusaumjym mory ce npatutu u Ha cajty KOBCOH-a (KoH3opuujym
6ubnunoteka Cpbuje 3a objeanHeHy HabaBky).

KaTteropusauuja yaconuca usspLueHa je npema MpaBUnHMKy O NOCTYMKY U HaYUMHy
BpedHOBaka W KBAHTUTATMBHOM UWCKa3vBaky HAy4YHOMCTpaXMBaukMx pesynrata
ncTpaxusaya, Koju je nponumcao HaumoHanHM caBeT 3a Hay4YHU M TEXHONOLWKU pPasBoj
(Cnyx6enu rmacHuk PC, 6poj 38/2008).

Y cknagy ca OBMM npaBuSIHUKOM W Tabenom O BpPCTM W KBaHTUdMKauUuju
VMHAMBUAYaNHMX Hay4YHOMCTpaxuBaYkmux pesyntata (y cactasy [NpaBunHuka), objaBrbeHn
pag y BojHoTexHuMukom rnacHuky BpefHyje ce ca 2 6opa (kateropuja M51), 1,5 6og
(kaTeropuja M52) n 1 6og (kaTteropuja M53).

Yaconuc ce npatu y koHTekcTy Cpnckor uutatHor mHgekca — CLMHaekc (6asa
nogartaka gomahmx HayvyHuX yaconmca) u Pyckor nHagekca HaydHor uutmpawa (PUHL).
MoaBprHyT je cranHom BpedHOBawy (MOHUTOPWHIY) Y 3aBMCHOCTM Of YTWLAjHOCTM
(vmnakta) y camum 6asama u, nocpepHo, y mehyHapogHum (Clarivate Analytics)
uMTaTHUM  uHAaekcuma. [letarbM O  UMHAEKCUpawy MOry ce BMAETM Ha  cajTy
BojHoTexHW4YKOr rnacHvka, cTpaHuua MHoekcupare Jacornuca.

BojHoTexHuMukn rmacHuk omoryhaea wu  npumenyje Creative Commons
(CC BY) ogpenbe o aytopckum npasuma. [etarbM O ayTOpCKMM MpasBuma Mory ce
BUAETW Ha cajTy Yaconuca, cTpaHuua Aymopcka npasa u rnonumuka camoapxusuparba.

PagoBn ce npepajy nyTeM OHMNajH cucTeMa 3a eneKkTpoHCKO ypehuBawe
ACUCTEHT, koju je pa3suo LieHTap 3a eBanyauujy y obpasoBamy u Hayum (LLEOH).

Mpuctyn n peructpaumja 3a cepBuC BpLUE Ce Ha cajTy www.vig.mod.gov.rs, npeko
ctpaHuue ACUCTEHT wiwm  CUMHOEKC, o0QHOCHO  OWPEKTHO  Ha  JIMHKY
aseestant.ceon.rs/index.php/vtg.

[etarbHO ynyTCTBO O perncrpauujn 1M npujaBn 3a CEepBUC Hamnasu ce Ha cajty
www.vtg.mod.gov.rs, cTpanvua Ynymcmeo 3a e-Yp: EnekmpoHcko ypehusare —
ACUCTEHT.

MoTpebHO je Oa ce cBM ayTopu Koju MOOHOCE pyKonNMC 3a objaBrbuBare Y
BojHoTexHuukoM rnacHuky peructpyjy y peructap ORCID (Open Researcher and Contributor
ID), npema ynyTcTBY Ha CTpaHuMuM cajta Peaucmpauyuja 3a 0Oobujare ORCID
udeHmucgbukaluUoHe wugpe.

BojHOTeXHMYKM rnacHuK oGjaBrbyje YnaHKe Ha CPriCKOM, PYCKOM W €HINECKOM je3nKy
(arial, cpncka hupunuua unm cpncka naTmHuua, BenvuuHa cnosa 11 pt, npopea Single).

Moctynak npunpeme, nucara n ypehueaksa unaHka Tpeba ga 6yae y carmacHocTu ca
Usjasom o0 emuykom rnocmynarsy (http://www.vtg.mod.gov.rs/izjava-o-etickom-postupanju.html).

UnaHak Tpeba ga cagpxu caxeTak ca KibyYHUM peunma, YBOA, paspajy, 3aKkibyyak,
nuTepaTypy 1 pes3umMea ca Kiby4HUM peyrma Ha EHINECKOM U PYCKOM je3nky (b6e3 Hymepauuje
Hacrnosa M nogHacnosa). Obum unaHka Tpeba ga Gyae oko jegHor aytopckor Tabaka (16
cTpaHuua copmata A4 ca npopeaom Single), a HajsuLe 24 cTpaHuLe.

Unanak Tpeba pa Oyde HamucaH Ha obpacuy 3a nucawe unaHka, Koju ce 'y
€eeKTPOHCKOj hopMmM MOXe Mpey3eTu ca cajTa Ha cTpaHvum Obpa3say 3a nucarbe YnaHka.

Hacnos

Hacnos Tpe6a ga ogpaxkaBa TeMy 4YnaHka. Y UHTepecy je yaconuca v aytopa aa ce
KOPWUCTE peyun NpuKnagHe 3a MHOeKcUpare U npeTpaxuBakbe. AKO TakBUX pevn Hema y
HacroBy, MOXerbHO je Aa ce npuaoaa v nogHacnos. Hacnos TpeGa fa 6yae npeseaeH u
Ha eHrneckn 1 pycKu jesuk.

OBwW HacnoBwm UCNKCYjy ce Ucnpea caxeTka Ha ogrosapajyhem jesnky.
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Tekyhu HacnoB

Tekyhn Hacnoe ce uMCnMCyje ca CTpaHe CBake CTpPaHWUe unaHka pagu nakwe
naeHTudukaumje, NocebHO Konumja YnaHaka y enekTpoHckom obnuky. Cagpxu npesvme u
MHUUMjan MMeHa ayTopa (ako ayTtopa Mma Bulle, NpeocTtanu ce o3Hadyaeajy ca ,et al.”
unu 1 ap.“), Hacnoee paga v Yaconuca u konauujy (rognHa, BONyMeH, CBECKa, NoveTHa
1 3aBplLUHa cTpaHuua). Hacnosu yaconuca v YnaHka mMory ce gatu y ckpaheHom obnuky.

Ume ayTopa

Hasogu ce nyHo nme u npesnme (cBux) aytopa. Beoma je noxersHO Aa ce HaBeay
1 cpedwa crnosa aytopa. MimeHa n npesvmeHa gomahux aytopa yBek ce UCMUCYjy Y
OopurMHanHom obnuky (ca CpnckMM AnjakpUTUYKMM 3HAKOBMMA), HE3aBUCHO Of je3nka Ha
KOjeM je HanucaH pag.

Has3uB ycTaHoBe aytopa (achmnujaumja)

HaBogu ce nyH (3BaHW4HM) HA3MB M CeauLUTe YCTaHOBE Yy KOjoj je ayTop 3anocreH, a
€BEHTYarnHo M Ha3uWB YCTaHOBE Yy KOjOj je ayTop 00aBMO WCTpaxuBame. Y CIOXEHUM
opraHu3auMjama HaBoaM ce YKyrHa xujepapxwuja (Hnp. YHuBepauTeT oabpaHe y beorpagy,
BojHa akapewmuvja, Kategpa npupogHo-matemaTuykux Hayka). bap jegHa opranmsauuvja y
xXvjepapxvju Mopa 6uUTM MpaBHO NMue. AKO ayTopa UMa BWLIE, a HEeKU MOTUYYy K3 UcTe
yCcTaHoBe, Mopa ce, NocebHMM O3HakaMa WNM Ha OpYrM HauuH, Ha3HauiTh U3 Koje of
HaBedeHMX yCTaHOBa MOTM4Ye CBakM oOf HaBedeHux aytopa. Adwunujaumja ce ucnucyje
HernocpeaHO HakoH MMeHa ayTopa. PyHKLUMja 1 3Bare ayTopa Ce He HaBozde.

KoHTakT nogauu
Anpeca unu e-agpeca CBUX ayTopa aje ce nopea MMeHa u npes3mmeHa aytopa.

KaTteropuja (Tun) unaHka

KaTteropusauuja unaHaka obasesa je ypegHuTBa M Of MOCeGHE je BaXKHOCTM.
KaTteropujy unaHka mory npegnaratm peueH3eHTM W YfaHOBU YpedHWLTBA, OOHOCHO
ypeaHuum pybpuka, anu OArOBOPHOCT 3a KaTeropvsauujy CHOCU WCKIbYYMBO [faBHU
YPEeaHuK.

UnaHum y BojHOmexHU4YKOM eracHuKy Knacudukyjy cCe Ha HayydHe W CTpy4He
YnaHke.

HayuHn unaHak je:

— opurMHanaH HayyHu pag (pag y kojeM ce U3HOCE MpeTxoOHO HeobjaBrbeHu
pesyntaTi CONCTBEHWNX UCTPaXuBama Hay4HNUM METOAOM);

— npernegHu pag (pag Koju cagpXuv opwuruHanad, geTarbaH M KpUTUYKWM NpurKas
ucTpaxusaykor npobnemMa wnu nogpyyja y kojem je aytop ocTBapuo ogpeheHu
OONPYHOC, BUAMLMB Ha OCHOBY ayTouuTara);

— KpaTKO MNN MPeTXO4HO caomniTerwe (OpUrMHanHW HayyHu pag nyHor dopmara,
anu mawer obuma 1nm NpenUMMUHapHOr KapakTepa);

— Hay4Ha KpuTuKa, OOHOCHO nonemuka (pacnpasBa Ha ogpefieHy HayyHy Tewmy,
3aCHOBaHa MCKIbYYMBO Ha Hay4yHOj aprymeHTaumju) u oCBpTy.

M3y3eTHO, y Hekum obnactma, HayyHu paf Yy 4Yacomucy Moxe uMaTtn obnuk
MoHorpadcke CTyauvje, kao W KpUTUYKOT u3gawa HayyHe rpahe (MCcTopujcko-apXmBeke,
nekcukorpadcke, ubnuorpadbcke, npernega nogataka WM Cn.), OOTad HemosHaTe Miu
HEe[0BOSbHO NPUCTYNaYHe 3a Hay4YHa UCTPaXKMBaHa.

PapoBu knacudukoBaHu Kao Hay4HU Mopajy umaTu 6ap ABe NO3NTUBHE peLieHsnje.
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Ako ce y yaconucy objaBrbyjy 1 Npunosn BaHHay4YHOr KapakTepa, Hay4yHW YnaHum
Tpeba aa Oyay rpynmMcaHun u jacHo M3LBOjEHN y MPBOM Aeny CBECKE.

CTpy4HM YnaHak je:

— CTpyYHM paf (npurnor y KojeM ce HyAe WCKYCTBa KopucHa 3a yHanpehewe
npodecroHanHe npakce, anu Koja HUCY HYXXHO 3acHOBaHa Ha Hay4YHOM MeToaY);

— MHpOpPMaTUBHM Npunor (YBOAHWUK, KOMEHTap U cn.);
— NpuKa3s (Kkbure, padyHapckor nporpama, crny4aja, HayvHor gorahaja, u crn.).

Je3suk paga
Jesvnk paga Moxe GUTU CPMCKU, PYCKU UMW EHFNECKM.

TekcT Mopa BUTK je3anyku U CTUIICKM JOTepaH, cucTematusoBaH, 6e3 ckpaheHuua
(ocum cTaHpapaHvx). Ce u3nyke BenuurHe mMopajy 6utu napaxere y MehyHapogHom
cuctemy MepHux jeamnuua — Sl. Pegocnen o6pasaua (hopmyna) o3HavaBa ce pefHuM
6pojeBrMa, ca AecHe CTpaHe Yy OKpyrmuM 3arpajamMa.

CaxeTak (ancTpakT) u pesume

CaxeTak (ancTpakT) jecte kpaTak vHopmaTMBaH MpuKas cagpxaja dnaHka Koju
yuTaouy omoryhaBa ga 6p30 M TayHO OLEHW H-EroBY PerneBaHTHOCT. Y WHTepecy je
ypedHuwTaBa M aytopa Aa CaXeTak CafpXu TepMUHE KOoju ce 4YecTo KopucTe 3a
MHOEeKcupare 1 npeTtpary ynaHaka. CacTaBHM OenoBU CaXeTka Cy LMIb UCTpaxuBama,
MeToaM, pe3ynTaTtu u 3akibydak. CaxeTak Tpeba ga nma og 100 go 250 peun n Tpeba ga
ce Hanasu u3amely 3arnaerba (HacrnoB, MMeHa ayTopa W Op.) U KIbyYHWX pPeyun, HaKoH
KOjuX cneam TeKCT YnaHka. Ako je pag HanmMcaH Ha CPrcKOM UM PYCKOM je3UKy, NOXerbHO
je Aa ce, nopepn caxeTka Ha CPrCKOM M PYCKOM, Aaje 1 CaxeTak y npoLmMpeHoM obnuky
Ha EeHITIecKoM je3nKy — Kao T3B. pe3nmMe (summary). OBakaB pe3ume Tpeba ga byae Ha
Kpajy 4naHka, HakoH ogereka Jlutepatypa. BaxHo je ga pesume 6yae y CTpyKTypvpaHoM
06nuky, a herosa ayxunHa moxe 6utn go 1/10 gyxmHe unaHka (ONWKUPHUjK je of, caxeTka
ca noyeTka unaHka). lNoyeTtak oBOr peammea Moxe 6UTU NpeBedeHN caxeTak (ca noveTka
ynaHka), a 3aTum Tpeba Aa crnege npeBedeHW rMaBHWM HACNoBW, NMOAHACIIOBU U OCHOBE
3aKkrbyyka unaHka (nutepartypa ce He npesogm). MoTpebHo je Aa ce y CTPYKTypMpaHOM
pesumey npesBefe M 4e0 TeKCTa UCnof Hacrnosa u nogHacnosa, Boaehu padvyHa ga oH
6yAe nponopuuoHanaH HhUX0BOj BEMMYMHK, @ Aa ogpaxasa CyLUTUHY. HakoH peavmea Ha
€HIMeckoM je3nKy (NpoLuMpeHor caxeTka) AoAaje ce Heros NpeBod Ha cprnckom, ga bu
peAakuuja nsspLunna NpoBepy 1 NexTypy.

KrbyuHe peun

KrbyyHe peun cy TepMuHUM Mnn ppase Koje agekBaTHO MNpeAcTaBibajy cagpxaj
YnaHka 3a notpebe nHaekcnpama u npeTpaxusara. Tpeba nx gogersneaTti ocnarwajyhu
ce Ha Hekn MeflyHapogHu wu3Bop (MOMWUC, PeYHUK WM Te3aypyc) Koju je Hajwuvpe
npuxsaheH wnn yHyTap gate HayyHe obnactu. 3a Hnp. Hayky yonwTe, TO je nucTa
krby4Hux peun Web of Science. Bpoj kibyuHux peun He moxe 6wt Behn og 10, a y
MHTEpecy je ypeOHULITBA M ayTopa Aa y4ecTanocT wuxoBe ynotpebe Oyge wrto Beha.
KrbyyHe peun Aajy ce Ha je3uKy Ha KOjeM je HanmcaH uynaHak (CaxkeTak) U Ha eHrneckom
jesuky. Y unaHky ce nuily HenocpeaHO HaKoH caXkeTka, OAHOCHO HaKoH peanmea.

Cnctem ACUCTEHT y Ty cBpxy kKopuctu cneuujanHy anatky KWASS: aytomartcko
eKCTpaxoBake KIbyYHUX peyn M3 AUCUMNAMHapHUX Tesaypyca/peyHuka no usbopy u
pyTuHe 3a HUXOB opabup, Tj. nNpuxsBaTawe OOHOCHO oabauvBake Of CTpaHe ayTopa
n/vunu ypeaHuka.
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ﬂaTyM npuxeaTtamba YnaHkKa

[JaTtym Kafa je ypeOHWLITBO NPUMWUIIO YnaHak, AaTyM Kafa je ypeOHWULITBO KOHa4Ho
NpUXBaTWMO uYnaHak 3a objaBrbMBare, kKao U AaTymu kaja cy y MehyBpemeHy
[lOCTaBIbeHe eBEHTyarlHe UCMpaBKe pPyKONuca HaBogde Ce XPOHOMOLLKUM pefocrenom, Ha
cTasfiHoM MecCTy, Mo NpaBuIy Ha Kpajy YnaHka.

3axBanHuua

Hasue n 6poj npojekTa, 04HOCHO Ha3MB Nporpama y OKBMPY KOjer je YraHak HacTao,
Kao U Ha3uB MHCTUTYLUMje Koja je puHaHCMpana npojekaT unu nporpam, HaBogou ce y
noce6HOj HANOMEHW Ha CTanHOM MeCTY, Mo NpaBuny Npu gHY NpBe CTpaHe YnaHka.

MpeTxoaHe Bep3uje paga

AKO je unaHak y npeTxodHoj Bep3uju 61O M3NOXeH Ha CKymy y Buay YCMeHor
caonwTewa (Mo4 MCTUM UMW CRUMYHUMM HAcMOBOM), nogatak o Tome Tpeba ga Gyae
HaBedeH y nocebHoj HamomeHW, NO NpaBuny Npu OHy NpBe cTpaHe YnaHka. Pag koju je
Beh objaBrbeH y HeKOM 4aconucy He Moxe ce 006jaBuTu y BOjHOTEXHUYKOM rmacHuKy
(npewTamnaT), HX NOA CAMYHMM HacnoBOM U 3MEHEHOM OBIMKY.

TabenapHu u rpachnyku npukasm

MoxersHo je Aa HacnoBwu CBUX Npukasa, a no MoryhcTBy M TeKCTyanHW cagpxaj,
Oyay Aatv ABOje3NYHO, Ha je3nKy pada M Ha eHrMeCcKOM je3uKy.

Tabene ce nuLy Ha NUCTU HAYMH Kao M TEKCT, a O3Ha4yaBajy ce pedHum GpojeBuma
ca ropwe cTpaHe. PoTtorpaduje 1 LpTexmn Tpeba ga byay jacHu, npernegHy 1 NOrogHN 3a
penpoaykuujy. Liptexe Tpeba pagutu y nporpamy word unu corel. ®otorpadmje u
upTexe Tpeba NOCTaBUTU Ha XerbeHO MEeCTO Y TEKCTY.

3a cnvke ¥ rpadnkoHe He CMe Ce KOPUCTUTM CHUMaK ca eKkpaHa padyHapa
nporpamMa 3a npuKynrbare nogaraka. ¥ camom TeKCTy YnaHKka npenopydyje ce ynotpeba
cnuvKa n rpadmkoHa HenocpedHo U3 nporpama 3a aHanuay nogaTaka (kao wTo cy Excel,
Matlab, Origin, SigmaPlot n gpyru).

HaBohewe (uMTupame) y Tekcty

HaunH nosmBaka Ha M3BOpe Y OKBUPY YriaHka mopa 6utun jegHoobpasaH.

BojHoTexHMYkM rnacHuK 3a pedepeHumpatbe (LMTupawe U HaBohewe nutepartype)
npumeryje XapBapAcku cuctem pedepeHLumn, 0AHOCHO XapBapACKU MPUPYYHUK 3a CTUM
(Harvard Referencing System, Harvard Style Manual). ¥ camom Tekcty, y 0OMYHUM
3arpagama, Ha MecCTy Ha KOjeM Ce BpLUM MOo3uBame, OOQHOCHO UMTMpame nutepartype
HabpojaHe Ha Kkpajy YnaHka, o6aBe3Ho y 06M4HOj 3arpaan HanucaTu NnpesMme LmTupaHor
ayTopa, roguHy nsgama nybnukaumje M3 koje uMTuparte u, eBeHTyanHo, 6poj cTpaHuua.
Hnp. (Petrovi¢, 2012, pp.10-12).

[eTtarbHO ynyTCTBO O HauyuHy uUMTUpara, ca npuMepuma, AaTo je Ha CTpaHuum
cajta Ynymcmeo 3a Xapeapdcku npupy4HUK 3a cmus. MNMoTpebHo je aa ce nosmBake Ha
nuTepaTypy y TEKCTY ypaau y ckrnagy ca MOMEeHYTUM YynyTCTBOM.

Cuctem ACUCTEHT y cBpxy KoHTpone HaBohewa (uuTupara) y TeKCTY KOpUCTU
cneumnjanHy anatky CiteMatcher: oTkpuBarwe M30CTaBrbeHUX UMTaTa y TEKCTy paga u y
nonucy pedepeHuum.

HanomeHe (¢pycHoTe)

HanomeHe ce gajy npu AHy cTpaHe Ha KOjoj Ce Hana3su TeKCT Ha Koju ce oAaHOcCe.
Mory cagpxaTun make BaxHe AeTarbe, AoMnyHcka objaltbersa, HasHake 0 kopuwheHum
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1M3BOpUMa (Ha nNpumep, Hay4yHoj rpafu, NpuMpyyHuMUMMa), anu He Mory 6utn 3ameHa 3a
LUTMpaHy nuteparypy.

INucra pedbepeHumn (nutepatypa)

LintupaHa nutepatypa obyxsaTta, no npasuny, Gubnuorpadcke n3Bope (4naHke,
MoHorpadmje 1 cn.) U Aaje ce UCKIbYYMBO Yy 3aceOHOM oferbKy unaHka, y Buay nmcre
pedepeHun. PedepeHue ce He npeBode Ha je3nk paga M Habpajajy ce y nocebHom
OferbKy Ha Kpajy ynaHka.

BOjHOTEXHMYKM rMAcHUK, KAa0 Ha4MH UcCnuca nuTepaType, NpuMekbyje XapBapacku

cuctem pedepeHun, ogHOCHO XapBapAcku npupyyHuk 3a ctun (Harvard Referencing
System, Harvard Style Manual).

NutepaTtypa ce o6aBe3Ho nulle Ha naTMHUYHOM NMCMYy U Habpaja no abeuenHom
pepocneny, Hasogehu Hajnpe npesvmena aytopa, 6e3 Hymepauuje.

[eTarbHO ynyTCTBO O HauMHy nonuca pedepeHuu, ca npuMmepvma, OaTto je Ha
CcTpaHuuu cajta Ynymcmeo 3a XapeapOcku npupyyHuUk 3a cmus. MNoTpebHo je pa ce
nonuc nuTepaType Ha Kpajy YnaHka ypaaum y cknagy ca noMeHyTUM yrnyTCTBOM.

HecTtangapgHo, HenoTnyHo unn HegocnegHo HaBOf]eH::e nntepartype y cmcremmma
BpegHoBawa 4aconuca cmatpa ce OOBOJbHMM pasfioroMm 3a ocnopaBawe HaydYHor
CTaTycCa 4Yaconuca.

Cuctem ACUCTEHT y cBpxy KOHTpone npaBWiHOTr uchiuca nucte pedepeHum
Kopuctu cneumjanHy anaTtky RefFormatter: koHTpona obnukoBara pedepeHum y cknagy
ca XapBapacKknM NpyYpy4YHUKOM 3a CTWS.

MponpatHo nucmo (camo 3a aytope u3 Peny6nuke Cpbuje n no nocebHom
3axTeBy ypeaHuka)

Mopen ynaHka fgocTaerba ce nNponpaTHO NUMCMO Yy Kojem Tpeba ncrtahu o Kojoj BpCcTr
ynaHka ce pagm, Koju cy rpadpumydku npunosu (dortorpadumje n LpTexXn) opurnHanHum, a
KOju No3ajMIbeHu.

Y nponpaTHOM NMCMY HaBoge ce U Nogauum aytopa: UMe, Cpeate CroBo, Npesnme,
UYuMH, 3Bakbe, e-mawvn, agpeca nocnogasua (Bl1), kyhHa agpeca, TenedoH Ha pagHoOM
MecTy 1 kyhHM (MOGunHu) TenedoH, pavyH n HasuB GaHke, CO MecTa cTaHoBawa, 6poj
nunyHe kapte n JMbB rpafaHa.

CBM pagoBM NOANEKY CTPYUYHO] PeLieH3uju.

Cnucak peueH3eHaTa BojHOTEXHMYKOr rmacHuka MoOXe ce BUOETW Ha CTpaHuum
cajta Cnucak peuyeHseHama. [lpouec peueH3upawa objalkeH je Ha CcTpaHuuu
cajta PeuyeH3aeHmcKu riocmynak.

Appeca pepakuuje:

BojHOTEXHMYKM rNacHUK

eHepana MNasna Jypuwwuha LWtypma 1

11040 Beorpag,

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
MaBHM 1 OArOBOPHN YPEAHUK
Mp Hebojwa Mahewa, gunn. nHx.
nebojsa.gacesa@maod.gov.rs,

http://orcid.org/0000-0003-3217-6513,
Ten.: BojHu 40-260 (011/3603-260),
066/8700-123
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NMPUIMALLEHUE U UHCTPYKLIUA O ABTOPOB O NMOPAOKE
noAaAroToBKU CTATbM

MHCTpykuns anst aBTOpPOB O Mnopsake MOArOTOBKM CTaTbM K OnybnvkoBaHuioo B
XypHane «BoOeHHO-TEXHMYECKMI BECTHWMK» pa3paboTaHa B COOTBETCTBUM C AKTOM O
pPefakTVpPOBaHWM  Hay4HbIX >KypHamoB MwuHucCTepcTBa HaykM W TEXHOMOTMYECKOro
pa3sutusa Pecnybnuku Cepbusa, Ne 110-00-17/2009-01 ot 09.07.2009 r. MNpuMeHeHne
3TOro AKTa CnocobCTBYeT MOBBILLEHWUIO KayecTBa OTEYECTBEHHbIX XXypHanoB M ux Gonee
nonHomy BOBEYEHUNIO B MeXOyHapoaHyto cuctemy obmeHa
Hay4HoON nHpopmaumen. MHCTpyKUnsi COOTBETCTBYET MexayHapoaHbIM cTaHaapTam ISO
4, IS0 8, ISO 18, ISO 215, ISO 214, I1ISO 18, ISO 690, ISO 690-2, ISO 999, ISO 5122 n
COOTBETCTBYHOLLMM cTaHgapTam Pecnybnuku Cepbus.

BoeHHo-TexHuuyeckunn BecTHUK (Vojnotehnicki glasnik / Military Technical
Courier), BTr.mo.ynp.cp6, www.vtg.mod.gov.rs/index-ru.html, ISSN 0042-8469 -
— nevyaTHoe wu3gaHue, e-ISSN 2217-4753 — online, UDK 623+355/359,
DOI: 10.5937/VojnotehnickiGlasnik; https://doi.org/10.5937/VojnotehnickiGlasnik,
ABNAETCS  MYNbTUAMCLUUMIMHAPHBIM  Hay4HbIM XypHaroM MwuHucTepcTBa 060pPOHbI
Pecny6nukn Cepbus, koTopbin MyGnuKyeT HayyHble U NpodeccuMoHarnbHble CTaTbM, a
TaKkKe TEXHUYECKYlD MH(pOpMaLMI0 O COBPEMEHHBIX CUCTEMAax BOOPYXEHUS W
COBpPEMEHHbIX BOEHHbIX TexHonorusix. XypHan cnegut 3a eOWMHOW MEeXBWUOOBOWA
TEXHMYECKOW MOOOEPXKKON BOOPYXKEHHbBIX CUJl, OCHOBAHHOW Ha MpUHUMNAX CUCTEMHOW
TNOrUCTUKN, 3a MPUKNaAHLIMA U UHHOBALUMOHHLIMU HayYHbIMWU UCCNEAOBAHUSIMU, B TOM
yncne, B obnactu nNpou3BOACTBa BOOPYXKEHUS WU BOEHHOW TEXHWUKW, WM 3a MNPOYUMMU
TEOPETUYECKUMU U MNPaKTUYECKMMU  OOCTWKEHMSIMW,  KOTOpble  CMOCOGCTBYHOT
npodeccMoHanbHOMy  PoCTy  MpeAcTaBuTeEnen  cepbCKoro,  pernoHanbHOro  u
MeXOyHapoOHOro akagemuyeckoro coobwectBa, W OCOBEHHO BOEHHOCHYXaLUX
MwuHuctepctBa O60pOoHLI U BoopyxéHHbIX cnn Pecnyonuku Cepbusi.

MuHncTepcTBO 00pa3oBaHusi, HaykM W TEeXHONOrMveckoro passutus Pecnybnuku
Cepbus, cornacHo peLUeHno NPUHSITOMY B COOTBECTBUM CO CT. 27 ab3al 1, NyHKT 4 1 Ha
OCHOBaHWM TOnkoBaHus cT. 25 abs3auy 1 nyHKT 5 3akoHa O HaydHO-MccrneaoBaTenbCKOM
aesitenbHocTn («Cnyxx6eHn rmacHuk PCx», Ne 110/05, yTBepaunno kateropusaumio «BoeHHo-
TEXHWYECKOro BeCcTHuKa» 3a 2018 roa;:

KaTteropun B 06nacTv TEXHONOrM4eCcKoro passuTus:

— ObnacTb MaTepuanoB U XMMU4YECKOW TeXHONOru:

BeAYLUMI HayYHbIW XXypHan HauMoHansHoro aHaveHus (M51),

— Obnactb MexaHUKK:

HayYHbIV XXypHan HauMoHanbHoro 3HaveHuns (M52),

— O6nacTb 23NeKTPOHUKM, TEeNeKOMMYHMKauMM U  MHEPOPMaLMOHHbIX

TEXHONOrnM:

HayyHbI XXypHan (M53).

KaTteropun B 06nacTvi OCHOBHbIX NCCNeA0BaHWUIA:

— O6nacTb MmaTemMaTUKa, KOMNbIOTEPHbIE HAayKN, TEXHUYECKUE HaYKW:

Hay4HbIV XypHan (M53).

C vHopMaLmen oTHOCUTENBHO kaTeropusaumm 3a 2018 rog MOXHO O3HAKOMUTBCS
Ha cTpaHuue canTta «BoeHHO-TexHu4eckoro BecTHMKa» Kameeopu3ayusi BecmHuka
(MrHNCTEPCTBOM MPOCBELLEHNS, Haykn W TEXHOMOrnyeckoro passutus Pecnybnvku
Cepbus noka He npousBedeHO OMULMANbHOMO PaHXMPOBAHUSA HAyYHbIX XYpHanoB 3a
2019 rop).
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Boree noApoGHyld WHMOPMaLMIO MOXHO HaWTu Ha cante MwuHucTepcTBa
06pas3oBaHus, HayKku 1 TeXHonornyeckoro passutus Pecnybnukm Cepbus.

C uvHdopMaumen o kaTeropusaumm MOXHO O3HakoMuUTbcA M Ha canTe KOBCOH
(KoHcopuunym 6ubnmotek Pecnybnvkn Cepbusi no Bonpocam o6beaAnHEHUS 3aKyrOK).

KaTteropusauusi BecTHuka npoBefeHa cornacHo [lonoxeHuto o nopsigke u crnocobe
KaTeropmsaummn Hay4yHo-UCCreqoBaTenbCkMX pes3ynbTaToB, YTBEPKOAEHHOrO HaumoHanbHbIM
KOMWUTETOM MO Hayke 1 TexHonormsam (Cnyx6enn rmacHuk PC, Ne 38/2008).

B cootBeTcTBUM C Bblweyka3aHHbIM [lonoxeHneM M Tabnuuein C nokasaTensmu
Knaccudpukaumm M KateropmsauumM - MHAMBUAyanbHbIX  Hay4YHO-MCCIenoBaTeNbCKUX
pe3ynbTaToB, SBMSIOWENACA HeOTbeMneMol uYacTbto [lonoxkeHusi, HayyHasi cTaTbs,
onybnvkoBaHHasi B «BOEHHO-TEXHUYECKOM BECTHUKEY, OLIEHUBAETCS CreayroLmM criocoboMm:
2 6anna (kateropusa M51), 1,5 6anna (kateropua M52) n 1,5 6ann (kateropusi M53).

XKypHan cooTtBeTcTByeT ctaHgaptam CepbCKOro MHAEKca HayyHoOro LMTUPOBaHMWS
(CUNHpekc/SCIindeks) — HaykomeTpudeckon 6asbl  [aHHbIX Hay4HbIX >KypHanoB
Pecnybnukn Cepbusi, a Takke Poccuiickoro nHgekca HayvHoro umtupoBanus (PVHLL).
>KypHan nocTosiHHO NoABepraeTcsi MOHWUTOPUMHIY W OLEHMBAETCH KONUYECTBEHHBLIMU
HayKOMETPUYECKUMU MOKa3aTensiMy, OTpaXKalLMMU €ro HayyHyr LEHHOCTb, B T.4.
onocpefoBaHHO B MeXAyHapoaHblX nHaekcax untuposaHus (Clarivate Analytics).

C vHdopmaumeri 06 MHOEKCUPOBaHUM MOXHO O3HaKOMWUTBCS Ha CTpaHuue cainTa
XypHana MHOekcuposaHue BecmHuka.

«BoeHHO-TexHUYeckun  BeCTHUK»  obecrnedMBaeT uuTaTensM  BO3MOXHOCTb
OTKPbITOrO ~ AoCTyna, B COOTBETCTBUM  C  MOMIOXKEHWAMU 0O  aBTOPCKUX
npaBsax, ytBepxaéHHbimun  Creative Commons (CC BY). C wuHcTpykumen o6
aBTOPCKMX NpaBax MOXHO O3HAKOMWTLCSI HA CTpaHule Asmopckue npasa u noaumuka
camoapxusuposgaHusi, nepenas no ceeinke http://www.vtg.mod.gov.rs/index-ru.html.

Pykonucu ctaten HanpaBnsaloTcs B pedakumio XXypHana ¢ ucnons3oBaHvem online
cuctembl e-Yp: JnekTpoHHoe wusgatensctBo — ASSISTANT, 3anyweHHon LieHTpom
noaaepXu passutusa obpasoBaHus u Hayku (LJMPOH).

Peructpauus B cucteme n ocopmMmneHne npas [OCTyna BbINOMHSAETCS MO agpecy
http://www.vtg.mod.gov.rs/index-ru.html, yepes ctpanuuy ASSISTANT wnv CUNHOEKC
(aseestant.ceon.rs/index.php/vtg).

C WHCTpyKUMEeWn No perucTpauuMm u npaBam AOCTyNa MOXHO O3HAKOMWUTbCS MO
appecy http://www.vtg.mod.gov.rs/index-ru.html, Ha cTpaHuue WHcmpykyus no e-Yp:
OnekmpoHHoe uzdamesibcmeo ASSISTANT.

Bce aBTOpbl, MpegocTaBnslowWwMe CBOM PyKOMUCU Ans NyOnvkauum B pefakumio
XKypHana «BoeHHO-TeXHWYEeCKUA BECTHWMK»  [OSKHbI  MPOUTU  MpenBapuTenbHyH
peructpauuto B peectpe ORCID (Open Researcher and Contributor ID). OTa npoueaypa
OCYLLECTBNSETCSH B COOTBETCTBUM C WMHCTPYKUMEN, pasMELLEHHOW Ha CTpaHuue cawnTa
Peaucmpauusi 8 peecmpe ORCID 0nsi npuceoeHusi udeHmughukayUOHHO20 Kooa.

«BoeHHO-TeXHMYeCKNIA BECTHUK» NyOnukyeT cTaTtbu Ha cepOCKOM, pYCCKOM wnuv
aHrnuinckoMm ssbikax (Arial, wpudT 11 pt, npoben Single).

lMpouecc nOAroTOBKM, HanNWCaHUs U PedaKTUPOBAHUS  CTaTbW  [AOIDKEH
OCYLLEeCTBNSATBCA B COOTBETCTBMM  C  MNpuHUMNamm  dmuyecko2o  Kodekca
(http://www.vtg.mod.gov.rs/etichyeskiy-kodyeks.html).

CrtaTba [JormkHa cogepxaTb aHHOTauMl C KIYEBbIMU CroBamu, BBEAEHUE,
OCHOBHYI0 4acTb, BbIBOAbl, CMMCOK WCMOMb30BAHHOW nUTepaTypbl U pe3loMe C
KIMOYEBbIMW  CMOBaMW  Ha  aHIMUMUCKOM  A3blke (6e3  Hymepauuu  3arofioBKOB U1
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nopsaronoskoB). O6bLEM cTaTbuM He AOIPKEH MpeBbilwaTb OAMH aBTopckui nuct (16
ctpaHuy cbopmaTa A4 ¢ npobenom Single).

CraTbss gomkHa ObiTb HabpaHa Ha KOMMbIOTEPE C UCMOSb30BaHWEM CrieumanbHO
NOArOTOBMEHHOINO  pefakuMen MakeTa, KOTOpbli  MOXHO ckadaTb Ha CcTpaHuue
cavita lNpasuna u obpasey cocmaeneHus cmamabu.

3aronoBok

3aronoBok [OMKeH oTpaxaTb Temy cTaTbW. B uHTepecax xypHana u aBTopa
HeobX0AUMO WCMOSb30BaTh CMOBa M CMOBOCOYETaHWs, yaobHble ANS uHAeKcauun u
noucka. Ecnu Takue crnoBa He cogepaTtcsl B 3aronoBke, TO XenaTenbHo Ux 4o6aBuTb B
noa3aronoBoK. 3arofoBOK AOMKEH ObiTb nepeBedéH Ha aHrMMACKUA A3blk. HassaHue
3aronoBka (nogsarosioBka) NULLETCS Nepes aHHOTaUMEN Ha COOTBETCTBYIOLLEM SA3bIKE.

TeKyLwmii 3aronoBokK

TekylwuiA  3arofloBOK NULIETCS B TUTYNE KaXZOW CTpaHuubl cTaTbM C  LENbio
yNpoLLeHus npouecca naeHTugmKaummn, B nepeyto odepedb KONuii ctaTben B 3NeKTPOHHOM
Buae. 3aronoBok coaepXuT B cebe hamunuio 1 uHMunan uMeHn aetopa (B criydae ecnm
aBTOPOB HECKOMbKO, OcTanbHble 0603HavarTcs ¢ «et al.» nnu «m ap.»), HasBaHne paboThbl
N XypHana (rod, TOM, BbIMyCK, HadarnbHas W 3akmioyvTenbHas CTpaHuua). 3aronoBoK
CTaTbyM 1 Ha3BaHWe >XypHana MoryT ObiTb MPMBEAEHbI B COKPALLEHHOM BUAE.

®PUO aBTOpa

MpuBoaATCS NonHasa hamunusa 1 NonHoe uMs (Bcex) aBTopoB. XKenaTternbHo, YTobbI
OblNM yKasaHbl MHULUMAmNbLI OTYECTB aBTOpPOB. PaMunus U UM aBTOpoB U3 PecnyGruvku
Cepbuss Bcerga nNULIYTCA B OpUrMHanbHOM Buae (C cepbCKMMUM  AUMaKpUTUYECKUMM
3HaKamm), He3aBUCKMO OT fA3blka, Ha KOTOPOM HanvcaHa paborTa.

HaumeHoBaHue yupexpeHus astopa (adpcmnuaums)

MpvBognTCcA MonMHoe (oduvuManbHOE) HaMMEHOBaHWe W MEeCTOHAaxXOXAeHue
yypexaeHusi, B KoTopoM paboTaeT aBTop, a Takke HauMeHOBaHWe y4pexaeHunsl, B KOTOPOM
aBTOp NPOBEN uUccnegoBaHne. B crniydyae opraHnsaumin Co COXHOWM CTPYKTYPON NPUBOAUTCS
X nepapxumyeckas COMOAYMHEHHOCTb (Hanp. BoeHHas akagemus, kadeapa BOEHHbIX
3MEeKTPOHHbIX cuctem, 1. benrpag). Mo kpanHen mepe, ogHa M3 opraHM3aumnin B Mepapxmn
AOSMKHa MMeTb CTaTyC IopUANYECKoro nuua. B cnyyae ecnm ykasaHo HECKOMbKO aBTOPOB, U
€CMnN  HekoTopble M3 HWX paboTaloT B OOHOM YYPEXOEHUW, HYXKXHO OTAeNbHbIMU
0603Ha4YeHUsIMN MNKM KakuM-nmbo ApyrMm crnocobom ykasaTb B KakoM M3 NpUBEAEHHbIX
yypexaeHun paboTaeT Kaxabli u3 aBTopoB. Addunuaums nuweTcs HenocpencTBEHHO
nocne ®MO aBTopa. [JOMKHOCTb 1 CNELManbHOCTb NO AUMIIOMY He YKa3biBaloTCS.

KoHTakTHble AaHHble

ONeKTPOHHbIN agpec aBTopa YKa3blBAlOTCA PSAOM C €ro MMEeHeM Ha MepBOn
CTpaHu1Lbl CTaTby.

Kareropus (Tun) cratbu

Kateropusauma ctatben sBnsieTcs 06A3aHHOCTBIO pedakuum u mnmeeT ocoboe
3HaveHune. KaTeropuio ctatbu MOryT mpegnaratb PeueH3eHTbl U YreHbl pedakumn, T.e.
peaakTopbl pybpuK, HO OTBETCTBEHHOCTb 3a KaTeropvs3aumilo HeceT WCKMYMTenbHO
rnaeHbIN pegakTop. CTaTby B XXypHarne pacnpeaenstoTcs no creayownm KaTeropusim:

Hay4yHble cTatbu:

— opurMHanbHasi HaydyHasi cTatbsl (paboTa, B KOTOpOW NPUBOAATCS paHee
HeonyGnMKoBaHHbIe pe3ynbTaTbl COOCTBEHHbIX UCCIEeOOBaHWUI, MOMYyYEHHbIX Hay4YHbIM
MeToa0oM);
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— o630opHas craTbs (paboTa, cogepxallas OpWUrMHanbHbIA, OeTanbHbIA U
KpUTUYeckuin 0bG3op uccrnegyemoln npobrembl Mnu obnactu, B KOTOPLIA aBTOp BHEC
onpeaenéxHblv BKNaa, BUANMbIA Ha OCHOBE aBToOUMTAT);

— KpaTkoe cooblleHue (opurvHanbHasi HayyHasi paboTta MosiHoro ¢popmara, Ho
MeHbLLero o6béma unu nveroLlasi npeaBapuTenbHbI XapakTep);

— HayuyHas KpUTMdeckasi CTaTbsl (OMCKYCCUSI-NONEMMKA Ha OMNpeAenéHHYH0 HayyHyH
Temy, OCHOBaHHas! UCKITHOUUTENBHO Ha Hay4YHOW apryMeHTaumm) 1 Hay4HbIA KOMMEHTapWii.

OpHako, B HEKOTOPbIX 06M1acTsAX 3HaHUIA HayyHasi paboTa B XXypHane MOXeT UMETb
hopMy MOHOrpadhYECKOro MCCreoBaHUs, a Takke KpUTUYECKOro 06CYKAEHUSI Hay4YHOro
mMaTepmana (MCTOPUKO-apXMBHOTO, JNieKcukorpadmnyeckoro, Gudnuorpaduyeckoro, o63opa
JaHHbIX 1 T.N.) — 4O CUX MOP HEU3BECTHOTO UMW HEAOCTATOYHO AOCTYMHOMO AN Hay4YHbIX

nccnegosaHuii. PaboTbl, KraccuuumpoBaHHble B KavyecTBe Hay4HbIX, OOJDKHblI UMETb,
Nno MeHbLUEN Mepe, ABE MOMOXUTENbHbIE PELIEH3NN.

B cnyyae ecrnu B xypHane oGbsiBRSIOTCA UM NPUNOXEHUS, HE UMEIOLLME HayYHbIN
XapakTep, Hay4Hble CTaTbl OOIKHbI GblTb CrPYNNMPOBaHbl U YETKO BbieneHbl B NepBon
YacTu Homepa.

[podheccroHanbHble cTaTbi:

— npodpeccuoHanbHas pabota (NPUNOXEHWs, B KOTOPbLIX MpeanaratTcs onbiThl,
nonesHble Ansi COBEPLUEHCTBOBAHWSI MPOECCMOHANbHOM MNPaKTUKW, HO KOTOpble He
OOMKHbl B 06s13aTenbHOM nopsigke ObiTb 060CHOBaHbI HA HAYYHOM MeToAE);

— MHcpopMaTMBHOE NpunoxeHue (NnepefoBas cTaTbsl, KOMMEHTaAPUIA U T.M.);
— 0630p (KHWIM, KOMMBIOTEPHOM NPOrpamMmbl, Cry4vasi, Hay4HOro cobbITUS U T.1.).
A3blk paboThbI

Pa6Gota MoxeT 6bITb HanncaHa Ha Cep6CKOM, PYyCCKOM 1nu aHIMUIACKOM A3bIKe.

TeKkcT fomkeH OblTb B NMHIBUCTUYECKOM U CTUMUCTUHECKOM CMbICNE YMOpPSA0YEH,
cucTemaTtusmpoBaH, 6e3 cokpalleHuii (3a UCKNYeHneM ctaHaapTHbIX). Bee dusnyeckne
Benn4nHbl OOIMKHbI COOTBETCTBOBATL Me>|<,quapo,J:lH0|7| cucteme egnHUL, U3MepeHna —
CW. OuepepHocTb hopmyn o6o3HavaeTcs NOPAAKOBLIMU HOMEPamu, NPOCTaBAEMbIMU C
NpaBol CTOPOHbI B KPYrfbIX CKOOKaXx.

AHHOTaums (abcTpakT) u pesrome

AHHOTauusa (abcTpakT) SsBNsieTCsl KpaTkuM MHOPMaTUBHBIM 0630pOM cofepKaHus
cTaTby, obecrnevmBaoLMM YuTaTento BLICTPOTY U TOYHOCTL OLIEHKM €€ peneBaHTHOCTU.
B uHTepecax pefakumMum M aBTOpPOB, YTOObI aHHOTaUMs cofepXana TepMUHbl, 4YacTo
ucnonb3yemble ANs WHAEKCUPOBAHWS WM noucka ctatbend. COCTaBHbIMU YacTaMu
aHHOTaUMM SBNSAOTCA LUefb uccrnegoBaHusl, MeToAbl WM 3akrnodeHne. B aHHoTaumm
JOmkHO ObiTe oT 100 go 250 cnoB, M OHa [OIMKHA HAaxXoAWUTCs Mexay TUTyrnamu
(3aronosok, PO aBTOpPOB U Op.) M KIHOYEBLIMM CIIOBaMU, 3a KOTOPbIMU CrieayeT TeKCT
crtatbn. Ecnn paboTa HanncaHa Ha cepbCKOM UM PYCCKOM si3blKe, XKenaTernbHO, YTOObI
KpoMe aHHoTauuu Ha cepbckoM K pycckom, Obina Gbl NpegocTaBrneHa M aHHoTauust B
paclMpeHHOM BUAe Ha aHrmMACKOM A3blke — B Ka4ecTBe T.H. pestome (summary). Takoe
pes3loMe [OMKHO HaxXoAMTbCs B KOHUE cTaTbW, nocne pasgena Jlutepatypa. BaxHo,
4YTOObI pestome ObINo B CTPYKTYPUPOBAHHOM BWAE, U €ro AfnMHa MOXET COCTaBnsATb A0
1/10 anvHbl ctaTbn (OHO HGonee OBLINPHO, YeM aHHOTaLMSA M3 Havana crtaTtbu). Havanom
OaHHOro pestoMe MoXeT ObiTb nepeBeAeHHas aHHoTauus (M3 Hayana cratbM), a 3atem
OOJDKHbI  CrefoBaTh MNepeBeAeHHbIE [MaBHble 3arosyioBKW, MOA3ArofioBKM UM OCHOBbI
3akNoYeHnss ctatbn (nMTepaTtypa He nepeBoauTcsl). B CTpyKTypMpoBaHHOM pesiome
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HY>XHO NepeBeCcTN YacTb TEKCTa MO 3arofIOBKOM W 3arofioBKOM, NPUHUMAasi BO BHUMaHMe,
4YTOBbI OHO BbINIO NPONOPLMOHANBHO UX pasMepy ¥ B TO e BPEMsi OTpaxarna CyTb.

KniouyeBble cnosa

KnioueBbiMM  crioBamn  SBMAAOTCA  TePMWHbI UM pasbl,  agekBaTHO
npeacTaBnsoLLMe cooepXaHue ctaTtby, HeobxXxoamMmble ANs UHOEKCUPOBAHWSA U Moucka.
KnioueBble crnoBa Heobxogumo BbIOMpaTb, onupasice MpM 3TOM Ha Kakow-nmnbo
MeXOYHapOAHbIA WCTOYHUK (PerncTp, croBapb, Tesaypyc), Haubornee ucCnonb3yembii
BHYTPW AaHHOW HayyHoWn obnacTtu. Yucno KnoveBbIX CroB He MoxeT npesbiwaTe 10. B
MHTEepecax pefakumn 1 aBTOpoB, YTOObI YacToTa MX BCTPEYM B cTaTbe Oblna Kak MOXHO
bonbwen. KnioueBble crnoBa [JalTCa Ha A3blke, Ha KOTOPOM HamnucaHa cTaTbd
(aHHOTaUMs), N Ha aHrMMINCKOM A3blke. B cTaTbe OHM MULIYTCA HEMOCPEACTBEHHO Nocrne
aHHoTauuMu (B Ha4ane) u nocrne pestome (B KOHLE).

Mporpamma ASSISTANT npepocTtaBnsieT BO3MOXHOCTb WCMOSb30BaHUS cepBuca
KWASS, aBTomaTtuyeckn hrKCUPYIOLLETO KITHOYEBbIE CIIOBa U3 MCTOYHMKOB/CioBapei no
BblIGOpY aBTOpa/peqakTopa.

[ata nony4vyeHusa Ctatbu

,El,aTa, Korga pepakuua nonydyuna crtaTtbilo;, gaTta, Korga peaakuna OkKoHYaTelnbHO
npuHANa CTaTblo K ny6nvu<au,mm; a Tawkke pata, Korga Obinu npenocTaBrieHbl
Heobxoanmble ncnpaeneHna pykonmcu, npuBogAaTcA B XPOHONOrM4eckomMm nopdake, Kak
npaBwnIo, B KOHLEe CTaTbW.

BbipaxeHue 6narogapHocTH

HavmeHoBaHve M HOMep MpoekTa, T.e. HasBaHWe nporpamMmbl 6narop,apﬂ KOTOpOMN
CTaTbsA BO3HMKIAQ, COBMECTHO C HaMMeHOBaHMEM Yy4pexngeHusd, KoOTopoe duHaHcHpoBano
NPOEKT nnn nporpamMmmMy, NnpmBoOATCA B OTAENTbHOM NpuMeYaHun, Kak npasmno, BHU3Y nepsoun
CTpaHuUbIl CTaTbW.

Mpeabiaywme Bepcun paboTsbl

B cnyyae ecnu crtatba B npedbigylien Bepcuu Obina M3NoXeHa YCTHO (nopg
OOVHAKOBbIM MWIMM  MOXOXUM Ha3BaHMEM, Hanpumep, B BuAe Joknaga Ha HayvyHoun
KOHbepeHumMn), cBedeHnst 06 3TOM AOSMKHbI ObiTb yKasaHbl B OTAEMNbHOM MPUMEYaHWK, Kak
NpaBuo, BHU3Y MEPBOV CTpaHuLUbl cTaTbu. PaboTa, KoTopasi yxe Obina onybnukoBaHa B
KaKoM-nmbo 13 XXypHarnoB, He MOXeET ObITb HanevataHa B « BOEHHO-TEXHUYECKOM BECTHUKE»
HW Mo, MOXOXMM Ha3BaHWEM, HN B UIBMEHEHHOM BUJE.

Hymepauus v HasBaHue Tabnuy u rpadMKoB

XKenatenbHo, 4TOBbLI HyMepaums 1 HasBaHWe Tabnuy, 1 rpadmkoB ObinNy UCMOMHEHbI Ha
OBYX A3blkax (Ha s3blke opuriHana u Ha aHrnuMnckom). Tabnuubl NoANMCHLIBAIOTCA TaKUM Xe
cnocobom Kak U TekcT U 0603HayatoTCs MOPSAAKOBLIM HOMEPOM C BEPXHEN CTOPOHBI.
doTorpapum N pPUCYHKN AOSKHBI BbITb MOHATHBI, HAMSAAHBI M YAOOHBI ANS penpogyKumm.
PucyHkn Heobxogumo genatb B nporpammax Word nnm Corel. ®oTtorpadomm n pucyHkn Hago
MocTaBUTb Ha JXernaemoe MeCcTo B TekcTe. [Insi co3faaHvst u3obpaxkeHud u rpadpmkos
ncnosnb3oBaHne YHKUMM CHUMKa C 9KpaHa (CKpWHLLIOTa) He gonyckaeTcs. B camom Tekcrte
CTaTbu pPEeKOMeHOYyeTCsl MPUMEHEHWe M306paxeHuin 1 rpadmkoB, obpaboTaHHbIX TakMMK
KOMMbOTEPHBIMKU Nporpammamu, kak: Excel, Matlab, Origin, SigmaPlot u ap.

CcbInku (UMTUPOBaHME) B TEKCTe

OdopMneHne CCbINoK Ha UCTOYHUKM B paMKax CTaTbu LOSMKHO ObiTb 0AHOOOPA3HbIM.
«BOEHHO-TEXHMYECKNIA  BECTHWMK» Ans  OhOpMIEeHUs  CCbINOK, LUMTaT W Cruvcka
MCMNONb30BaHHOW nuTepaTypbl NpumeHsieT apBapackyto cuctemy (Harvard Referencing
System, Harvard Style Manual). B Tekcte B ckoGkax npuBoautcs bamunns LMTUpYeMoro
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aBTopa (unu chamunns NepBOro aBTOpa, €CNM aBTOPOB HECKONbKO), FOA4 M3gaHus U no
HeobxoaumocTn Homep cTpaHuubl. Hanpumep: (Petrovi¢, 2010, pp.10-20). Pekomengauum
0 crnocobe LUMTMPOBaHNS pasMeLLEeHbl Ha CTpaHuLe cavta MHCmpyKyUs Mo Ucrob308aHU0
lapseapdckoeo cmurns. Mpu OMOPMIEHMN CCbINOK, LMTaT WM CNMCKa MCMNONb30BaHHOM
nuTepatypbl  HeOOXOOUMO  NPUOEPXKMBATBCA  YCTAHOBMEHHbIX  HopM. [porpamma
ASSISTANT npegoctaBnsieT nNpy LUTUPOBaHMM BO3MOXHOCTb WMCMONb30BaHUS CcepBuca
CiteMatcher, doukcupytoLero nponyLeHHbIe LMTaTel B paboTe 1 B Cincke nutepaTtypsbl.

MpumeyaHus (cHocKuK)

MpumeyaHnsa (CHOCKM) K TEKCTY YKasblBalOTCA BHW3Y CTPaHuubl, K KOTOPOW OHU
oTHOCATCS. [MpumeyaHns MOryT cogepaTb MeHee BaXHble AeTanu, OOMOMNHUTEeNbHble
06bACHEHNs, yKkas3aHMA 06 MCMOSIb30BaHHBIX UCTOYHMKAX (Hamp. Hay4yHOM martepuarne,
CnpaBOYHMKax), HO He MOryT GbiTb 3aMEHOIN NPoLeaAypbl LUTUPOBAHNSA NMTepaTypbl.

INutepatypa (pedepeHunn)

LinTnpoBsaHHow nuTepaTtypon oxBaTbIBaloTCH, Kak npaswuo, Takue
6ubnuorpacuyeckne UCTOYHMKM Kak cTaTbW, MoHorpadvn u T.n. Bca ncnonb3yemas
nuTepatypa B Buae pedepeHLumnii pasmeLlaeTcs B OTAeNbHOM pasaerne cTaTbu.

Ha3sBaHusa nutepaTypHbIX UICTOYHMKOB HE NepeBoasTCA Ha s3blk paboThl.

«BOEHHO-TeXHMYECKMN BECTHUK» Ans  OPOpMIeHnss crnmcka WCnorib30BaHHOM
nutepaTypbl npumeHsieT [apBapackyto cuctemy (Harvard Style Manual). B cnucke
nMTepaTypbl UCTOYHMKM YKasbiBalOTCA B andaBMTHOM mopsAake damunuii aBTopoB WUnn
pepakTopoB. PekomeHgaumm o criocobe LMTMPOBaHMS pasMelleHbl Ha CTpaHuue canta
WHcmpykyusi mo  ucrionb3oeaHuto  apeapdckozo cmuns. [lpu  odopmMneHun  cnucka
MCMOb30BaHHOM NMUTEPaTYpbl HEOBXOAUMO NPUAEPKMBATLCS YCTAaHOBMEHHBIX HOPM.

Mpn odopmnennn cnucka nutepatypbl nporpamma ASSISTANT npepoctasnset
BO3MOXHOCTb MCMOSb3oBaHus cepBuca RefFormatter, ocyliecTensitowero koHTponb
ochopmMneHns cnmcka nuTepartypbl B COOTBETCTBUM CO CTaHAapTamu [[apBapAcKoro CTuns.

HectaHpapTHoe, HemnomHoe M HenocnegoBaTernbHOe NpuBeAeHne nutepaTtypbl B
cucTeMax OLEHKM XKypHana cyuMTaeTcs [AOCTaTOYMHOW MNPUYMMHOW AN OCnapuBaHUs
Hay4HOro craTtyca XxypHana.

Bce pykonucu ctaten nognexaT npoeccCuoHanbHOMY peLeH3MpPOBaHUIO.

Cnuncok peueH3eHTOB XypHana «BoeHHO-TeXHNYeCKNA BECTHUK» pasMeLLEH Ha
CTpaHuue canta Crniucok peueH3eHmMos. I'Ipou,ecc peueH3npoBaHna onucaH B pasgene

lpasuna peuyeH3uposaHus.

MouToBbLIV agpec peaakummn:

«BojHOTEXHUYKM rNaCHUK»

yn. lenepana MNasna tOpuwwnya LWtypma 1

11040 Benrpag, Pecnybnuka Cepbus

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
[NaBHbIA M OTBETCTBEHHLIN peaakTop
Kangnoat TexHnyeckux Hayk Heboliwa Mavewa
nebojsa.gacesa@mod.gov.rs

http://orcid.org/0000-0003-3217-6513

Ten: +381 11 3603 260, +381 66 8700 123
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CALL FOR PAPERS AND ARTICLE FORMATTING INSTRUCTIONS

The instructions to authors about the article preparation for publication in the
Military Technical Courier are based on the Act on scientific journal editing of the Ministry
of Science and Technological Development of the Republic of Serbia, No 110-00-
17/2009-01 of 9" July 2009. This Act aims at improving the quality of national journals
and raising the level of their compliance with the international system of scientific
information exchange. It is based on international standards ISO 4, ISO 8, ISO 18, ISO
215, ISO 214, ISO 18, ISO 690, ISO 690-2, ISO 999 and ISO 5122 and their national
equivalents.

The Military Technical Courier / Vojnotehnicki glasnik
(www.vtg.mod.gov.rs/index-e.html,  BTr.mo.ynp.cp6, ISSN 0042-8469 — print issue,
e-ISSN 2217-4753 — online, UDC 623+355/359, DOI: 10.5937/VojnotehnickiGlasnik;
https://doi.org/10.5937/VojnotehnickiGlasnik) is a multidisciplinary scientific journal of the
Ministry of Defence of the Republic of Serbia. It publishes scientific and professional
papers as well as technical data on modern weapon systems and military technologies.
The journal covers inter-service technical support to the Army on the principle of logistic
system support; fundamental, applied and development research; production and use of
weapons and military equipment as well as other theoretical and practical achievements
leading to professional development of all members of Serbian, regional and international
academic communities, members of the Ministry of Defence and the Army of Serbia in
particular.

Pursuant to the decision given in Article 27, paragraph 1, point 4, and in accordance
with the acquired opinion given in Article 25, paragraph 1, point 5 of the Act on Scientific
and Research Activities (Official Gazette of the Republic of Serbia, No 110/05, 50/06-cor
and 18/10), the Ministry of Education, Science and Technological Development of the
Republic of Serbia classified the Military Technical Courier for the year 2017

in the field technological development:

—on the list of periodicals for materials and chemical technology,

category: leading scientific periodical of national interest (M51),

- on the list of periodicals for mechanical engineering,

category: scientific periodical of national interest (M52),

—on the list of periodicals for electronics, telecommunications and IT,

category: scientific periodical (M53),

in the field fundamental research:

—on the list of periodicals for mathematics, computer sciences and mechanics,

category: scientific periodical (M53).

The approved lists of national periodicals for the year 2018 can be viewed on the
website of the Military Technical Courier, page Journal categorization (The Ministry of
Education, Science and Technological Development of the Republic of Serbia has not yet
published the official evaluation of scientific journals for 2019).

More detailed information can be found on the website of the Ministry of Education,
Science and Technological Development of the Republic of Serbia.

The information on the categorization can be also found on the website of KOBSON
(Consortium of Libraries of Serbia for Unified Acquisition).

The periodical is categorized in compliance with the Regulations on the procedure
and method of evaluation and quantitative formulation of scientific and research results of
researchers, stipulated by the National Council for Scientific and Technological
Development (Official Gazette of RS, No 38/2008). More detailed information can be
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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.

Acknowledgements

The name and the number of the project or programme within which the article was
realised is given in a separate note at the bottom of the first page together with the name
of the institution which financially supported the project or programme.

Article preliminary version

If an article preliminary version has appeared previously at a meeting in a form of
an oral presentation (under the same or similar title), this should be stated in a separate
note at the bottom of the first page. An article published previously cannot be published in
the Military Technical Courier even under a similar title or in a changed form.

Tables and illustrations

All the captions should be in the original language as well as in English, together
with the texts in illustrations if possible. Tables are typed in the same style as the text and
are denoted by Arabic numerals at the top. Photographs and drawings, placed

appropriately in the text, should be clear, precise and suitable for reproduction. Drawings
should be created in Word or Corel.
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For figures and graphs, proper data plot is recommended i.e. using a data analysis
program such as Excel, Matlab, Origin, SigmaPlot, etc. Itis not recommended to use a
screen capture of a data acquisition program as a figure or a graph.

Citation in the text

Citation in the text must be uniform. The Military Technical Courier applies the
Harvard Referencing System given in the Harvard Style Manual. When citing sources
within your paper, i.e. for in-text references of the works listed at the end of the paper,
place the year of publication of the work in parentheses and optionally the number of the
page(s) after the author's name, e.g. (Petrovic, 2012, pp.10-12). A detailed guide on
citing, with examples, can be found on Military Technical Courier website on the page
Instructions for Harvard Style Manual. In-text citations should follow its guidelines.

For checking in-text citations, the ASSISTANT system uses a special tool
CiteMatcher to find out quotes left out within papers and in reference lists.

Footnotes

Footnotes are given at the bottom of the page with the text they refer to. They can
contain less relevant details, additional explanations or used sources (e.g. scientific
material, manuals). They cannot replace the cited literature.

Reference list (Literature)

The cited literature encompasses bibliographic sources such as articles and
monographs and is given in a separate section in a form of a reference list.

References are not translated to the language of the article.

In compiling the reference list and bibliography, the Military Technical Courier
applies the Harvard System — Harvard Style Manual. All bibliography items should be
listed alphabetically by author's name, without numeration. A detailed guide for listing
references, with examples, can be found on Military Technical Courier website on the
page Instructions for Harvard Style Manual. Reference lists at the end of papers should
follow its guidelines.

In journal evaluation systems, non-standard, insufficient or inconsequent citation is
considered to be a sufficient cause for denying the scientific status to a journal.

All articles are peer reviewed.

The list of referees of the Military Technical Courier can be viewed at website
page List of referees. The article review process is described on the Peer Review
Process page of the website.

Address of the Editorial Office:

Vojnotehnicki glasnik / Military Technical Courier

Generala Pavla JuriSi¢a Sturma 1

11040 Belgrade, Republic of Serbia,

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
Editor in chief
Nebojsa GaceSa MSc
nebojsa.gacesa@mod.gov.rs

http://orcid.org/0000-0003-3217-6513

tel.: +381 11 3603 260, +381 66 8700 123
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