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Abstract:

Introduction/purpose: The Laplacian energy (LE) is the sum of absolute
values of the terms u-2m/n, where u, i=1,2,...,n, are the eigenvalues of
the Laplacian matrix of the graph G with n vertices and m edges. In 2006,
another quantity Z was introduced, based on Laplacian eigenvalues,
which was also named ,Laplacian energy*”. Z is the sum of squares of
Laplacian eigenvalues. The aim of this work is to establish relations
between LE and Z.

Results: Lower and upper bounds for LE are deduced, in terms of Z.

Conclusion: The paper contributes to the Laplacian spectral theory and

the theory of graph energies. It is shown that, as a rough approximation,
LE is proportional to the tem (Z-4m*/n)">.

Keywords: Laplacian spectrum (of graph), Laplacian energy.

Introduction

Let M be a real symmetric square matrix of order n. Let (4,05,...,C,,
be the eigenvalues of M, and let {;+{>+---+(,=C. Then the energy of M is
defined as (Nikiforov, 2007), (Gutman & Furtula, 2019):

EM) =Yl -2 )

By using different matrices, one arrives at different ,energies”. The
first among them is the (ordinary) graph energy, based on the

Gutman, |., Two Laplacian energies and the relations between them, pp.207-215
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eigenvalues of the (0,1)-adjacency matrix of a graph (Li et al, 2012),
(Ramane 2020). It was introduced in 1978. Since then, more than 170
various ,energies“ have been considered in the literature; for details see
(Gutman & Furtula, 2019). In this paper, we are concerned with the
Laplacian energy.

Let G be a simple graph possessing n vertices and m edges. Label
its vertices by by v1, v2, ..., vn . Let deg(vi) be the degree (= number of
first neighbors) of the vertex vi. The Laplacian matrix of G, denoted by
L(G), is the square matrix of order n, whose (i,j)-element is

-1 if v, and v, are adjacent
L(G); =40 if v, and v, are not adjacent
det(v.) if i=]

For details of the theory of Laplacian matrices and their spectra see
(Grone et al, 1990),(Mohar, 1992), (Merris, 1994).

Let p1,p2,,..., gn be the Laplacian eigenvalues of the graph G, i.e.,
the eigenvalues of L(G). Then the Laplacian energy of G is

E=Y
i=1

The Laplacian energy was introduced in 2006 by the Chinese
mathematician Bo Zhou and the present author (Gutman & Zhou, 2006).
Since then, its theory was elaborated in due detail, see (Das & Mojallal,
2014), (Pirzada & Ganie, 2015), (Andriantiana, 2016), (Gutman &
Furtula, 2019), (Gutman, 2020), and the references cited therein.

In the same year when the concept of the Laplacian energy was
conceived (Gutman & Zhou, 2006), a paper was published in which an
unrelated Laplacian-spectral quantity was defined, and also named
.Laplacian energy“ (Lazi¢, 2006). The quantity put forward in (Lazic,

20086) is
Z=Y 1. (3)
i=1

In what follows we refer to Z as to the fake Laplacian energy.

It is evident that Z, Eq. (3), violates the general conditions that an
.energy“ needs to satisfy, see Eq. (1). The right-hand side of Eq. (3) is
just the second spectral moment of the Laplacian eigenvalues. Naming it
.energy“ was a misnomer. This was immediately recognized by all

om ,
Hi Nl (2)
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mathematicians who did research of the true Laplacian energy, Eq. (2),
and the paper (Lazi¢, 2006) was simply ignored.

The inventors of the Laplacian energy (Gutman & Zhou, 2006), as
well as the scholars who later studied it, were solely interested in its
mathematical properties. However, in recent years, the Laplacian energy
has gained popularity for a variety of technical applications, mainly in the
area of image analysis and pattern recognition (Luyuan et al, 2010),
(Song et al, 2010), (Meng & Xiao, 2011), (Xiao et al, 2011), (Huigang et
al, 2013), (Bai et al, 2014), (Deepa et al, 2016), (Pournami & Govindan,
2017), (Zou et al, 2018). In all the quoted papers, the Laplacian energy
was computed according to Eq. (2).

Not all scholars who work on applications of the Laplacian energy
are experts on its mathematical theory, and some of them seem to have
learned about the Laplacian energy by means of Google search.
Therefore, it happened that in some papers, instead of the true Laplacian
energy, a group of authors used Z, Eq. (3) (Qi et al, 2012), (Qi et al,
2013), (Qi et al, 2015). It may be that there are more such erroneous
works, spread in the non-mathematical literature.

The existence of papers in which the fake Laplacian energy is used,
motivated us to examine the actual (mathematical) relation between LE
and Z.

Relating the two Laplacian energies

In (Gutman 2020), it was pointed out that the relations

iﬂi =2m
i=1
and

iﬂiz =2m +id89(vi)2
i-1

i=1
are well known (Grone et al, 1990). There it was shown that

n n 2
> =2m+ deg(v) ~ -
i=1 i=1
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where

« 2m
M ==
n
Recall that
D4 =0 and |y |=LE 4)
i=1 i=1
Bearing in mind Eq. (3), we get
Z =2m+ ) deg(v,)* (5)
i=1
and
o, 4m?
DM =T ©
-y n
Starting with
D220 =14 )? 20
i=1 j=1

and using Egs. (4) and (6), we get

n n n n 2
DWW IESII AR |:2n[2—4”‘ J—ZLEZZO

i=1 j=1 i=1 j=1 n

fom which,
2
LESI{Z—4m]_ 7)
n

Starting with

Dt

i<j

n 2 n n
&= S 1] =S+ 2Tl Hai e S o2
i=1 i=1 1

i<]j i=

and taking into account that because of (4),

DM = DD = D
i=1

i<j i=1 j=1

2

=2
i=1

we get
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L2223 4"

i=1

2
LE > 2[2—4%) @)

Combining (7) and (8), we arrive at

Discussion

From the bounds (9), we see that, as a rough approximation, there
should exist a linear relation between the Laplacian energy (LE) and the

term /Z — 4m?*/n , with Z standing for the fake Laplacian energy. As
the first guess, we may have

Jn++2 - 4m?
2 n -
The approximation (10), as well as any other approximation based

on the bounds (7) and (8), is of poor quality. Namely, in contrast to the

Laplacian energy, the right-hand side of (10) is structure-insensitive.

This, of course, is the consequence of the structure-insensitivity of the

fake Laplacian energy, Z.

For instance, if the graph G is regular of degree r, then Z=nr(r+1). If
the graph G has n, vertices of degree a, and ny, vertices of degree b, so
that n,+ ny,=n, then

_2M=mD )+ 2M M8
a—b b—a

and Z is independent of the parameters n, and n,. Thus, for the

chemically important class of (molecular) graphs with vertices of degree

two and three, Z=6(2m-n), independent of any other structural detail.

Then the same holds also for the right-hand side of Eq. (10).

LE =

(10)
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ABE SHEPT UKW JTAMNACA 1 X COOTHOLWEHKNE

UeaH N'yTmaH

KparyeBaukuii yHuBepcuteT, EcTecTBeHHO-MaTeMaTuieckun akynorer,
r. Kparyesau, Pecnybnuka Cepbus

PYBEPUKA TPHTW: 27.29.19 KpaeBble 3agayun n 3agaym Ha cObCTBEHHbIE
3Ha4yeHus AN 06bIKHOBEHHbIX AnddepeHumanbHbIX
YpaBHEHUIN U CUCTEM ypaBHEHUN

BWO CTATbW: opurmHanbHasa Hay4YHas ctatbs

A3bIK CTATbW: aHrnuickmin

Pe3swome:

BeedeHue/uenb: OHepeus flannaca (LE) npedcmasnsgem cobol cymmy
abconomHbIx  3HavyeHull  U-2m/n, e0e u, i=1,2,...,n sensromcs
cobcmeeHHbIMU  3HadeHusimu G epachbl  mMampuuybl flannaca ¢
sepwuHamu n u pebpom m. B 2006 20dy bbina egedeHa eenu4vuHa Z,
OCHOBaHHasi Ha xapaKmepHbIx 3Ha4YeHusix flarnnaca, komopasi rnosyquna
HaseaHue «Jflannacosa aHepeusi». Z — 3mMO CyMMma Keadpamos
cobcmeeHHbIX 3HadeHul Jlannaca. Llenbto daHHOU pabombi sensemcsi
ycmaHosrieHue coomHowieHul mexoy LE u Z.

Pesynbmambi: HWwxHSsT u 8epxHssi epaHuubl Onsi LE ebigodsimes U3
yHKUUU Z.

Bbigodbl: Cmambsi criocobecmeyem criekmparibHol meopuu flannaca u
meopuu aHepauu epaghos. B epyboli annpokcumayuu bbifio rnokas3aHo,
ymo LE nporopyuoHanbHa (Z-4m*/n)"2.

Kntouesnle crniosa: Jlannacoe cnekmp (epagp), sHepaus Jlannaca.

JBE JNNAMJACOBE EHEPIMJE N OOHOCU MEBY HbUMA

UeaH N'yTMaH
YHusepautet y Kparyjesuy, MNpupoaHo-matemaTtuyku akynTer,
KparyjeBau, Penybnuka Cpbuja

OBJACT: maTtemaTtuka
BPCTA UJTIAHKA: opyruHanHu Hay4Hu pag
JESUK YJTAHKA: eHrnecku
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Caxemak:

Yeod/yurb: Jlannacoea eHepeuja (LE) jecme cyma ancorymHux
gpedHocmu nojmosa Ur2m/n, 20e cy W, i=1,2,..,n, corcmeeHe
gpedHocmu Jlannacose mampuue epagha G ca n epxosa U m usuua.
FoduHe 2006. ysedeHa je Opyaa eenu4vuHa Z, 3acHosaHa Ha Jlarnnacosum
ceojcmeeHUM 8pedHocmuMa, Koja je makohe Ha3eaHa ,Jlarnnacosa
eHepeuja’. Z je cyma keaOpama Jlarnnacosux ceojcmeeHuUxX epedHocmu.
Lurb 080z pada je Hanaxere o0Hoca usmehy LE u Z.

Pesynmamu: [Jora u eopra epaHuya 3a LE odpefjeHe cy kao ¢hyHKUuje
00 Z

Sakrbyyak: Pad OdonpuHocu flannacoeoj criekmparnHoj meopuju U
meopuju eHepauje epagposa. [lokasaHo je Oa je, Kao epyba

anpokcumauyuja, LE nporiopyuoHarHa ca (Z-4m /n)1/2.
KrbyuHe peyu: Jlannacos ciekmap (epacgha), Jlannacosa eHepauja.
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Abstract:

Introduction/purpose: At the end of 2019, the Coronavirus disease 2019
(COVID-19) was identified first in the Hubei province of China and then it
spread over the world causing the coronavirus pandemic. The virus has
given very different outcomes in different countries up to day - at the time
of writing, Italy has a record number of deaths caused by coronavirus
(Google, 2020).

Methods: A mathematical model is applied to describe the behavior of
number of cases with respect to time, the obtained data is compared and
some predictions given.

Results: The model chosen to represent the evolution of the spread of the
disease allows making some projections for the future.

Conclusions: Sound projections could be created with accurate numbers
provided the current situation is not perturbed by other external influences.

Key words: Coronavirus, COVID-19, differential equation, data fit.

Introduction

The aim of the paper is to describe in somewhat rigorous terms the
spreading of the disease in time, i.e. the number of positive cases for
Covid-19. This is a classical problem of population growth that applies
equally well to the rate of reproduction of an animal species or of a virus.
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Qualitatively, one should expect for a population number to grow
exponentially in the first phase and then, with the increase of competition
and diminishing resources, to slow down until reaching a plateau in time,
i.e. a static situation.

By means of the model applied and available data, it is possible to
determine when the growth of cases should diminish, when it will stop
and what the total number of cases will be.

Growth equation

The equation used to describe the growth of the number of cases is
the same used in the description of the growth of generic population in
time x(t), sometimes called the logistic equation (Verhulst, 1838):

ax(t) _ x(t)(1_ x(t))
ad a c (1)
where a is related to the growth rapidity and c is the asymptotic total
number of cases, or population.

The solution of the equation should be written as

_ c
X (b= 1)a) (2)

where the parameter b is related to the initial condition

c
x(0)7 ————
©) 1+exp(b/a) 3)
and also b is the growth invertion point, i.e.
d”x(b)_ ,
at? (4)

for t=b, dx(t)/dt reaches the maximum.

In order to determine the three positive parameters a,b and ¢, one
has to compare it to the existing situation.

There exists a GitHub account with Italian official data for the
coronavirus disease (Ministero della Salute, 2020) which is updated on a
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daily basis and covers most information available since the 24th of
February, 2020.

The paper will focus on the date column A and the total number of
cases, K of the csv file and will fit the three parameters a,b and ¢ of
solution (2) to the data.

According to the data presented on the 28th of March 2020, 34 days
after the start of the disease data collection, the three parameter fit gives
the following results:

Table 1 — Fit for parameters a, b and ¢
Tabnuua 1 — Beod rno napamempam a,b u ¢
Tabena 1 — Yknanare 3a napamempe a, b u ¢

Parameter Value Error Error %
a 5.32546 +/- 0.07999 1.502%
b 28.721 +/- 0.2253 0.7846%
c 125043 +/- 2349 1.878%

It can be clearly seen that the numerical results of this fit are very
precise, and the associated error is contained within less than 2% (the
plot is subsequently going to show they are very accurate as well).

As previously discussed, b and c are the most relevant parameters,
the b value of about 29 days shows that the inversion point has already
been reached and the growth of new cases is slowing down. The ¢ value
of around 125 thousand represents the total number of cases, which is
still rather far from the current number of total cases (around 100
thousand).

Plot 1 shows the fit of curve (2) with respect to the collected data.
One can clearly see that the agreement with the points is excellent.
In fact, only 3 parameters are enough for a fit with a time span exceeding

one month. The superposition of the two curves shows that the
agreement is also very accurate.
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Figure 1 — Data fit: the number of cases with respect to the number of days
Puc. 1 — CosnadeHue daHHbIX: YUCIIO Crly4ae8 8 COOMHOWEHUU C YucrioMm OHel
Cnuka 1— Yknanawe nodamaka: 6poj cryyajeea y oOHocy Ha 6poj OaHa

Tentative prediction for the future

Using the results obtained in the previous section, we will try to
predict the future behavior of the number of cases, using the values
obtained by the fit.

We will also compare the data to the derivative of equation (2)
(multiplied by a factor of 10 in order to enhance it) in order to better
identify the inversion point.

Figure 2 shows the plot of the obtained data so far as a function of
time, together with equation (2) for 10 days in the future and its
derivative, augmented by a factor of 10 so that it is visible on the plot (the
authors are actually concerned only with its maximum value).

A similarity of this derivative to the Gaussian distribution is also
worth noticing as well as the number of cases that resembles the error
function. The latter shows, however, a fundamental difference from
equation (1) that governs the real case, i.e. the tails that would assume
that the beginning of the covid disease started in the distant past.

As it can be seen, the graph representing the number of cases slows
down its growth and soon approaches a quasi static regime. This
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behavior is also confirmed by the derivative function which shows how its
peak value has already been surpassed. According to Table 1, the end of
the disease should be reached when the number of cases approaches
125 thousand units.
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Figure 2 — Extrapolation of the number of cases for the next future
Puc. 2 — Okempanonsyus Yucna criydyaes Ha bnuxatiwee 6ydyuee
Cnuka 2 — Ekcmpanonauuja bpoja crnyyajesa y 6nuckoj 6ydyhHocmu

Of paramount interest is, of course, a reasonable estimate of the
end of the disease. Bearing in mind that the steady state value c¢ of
equation (2) is asymptotic, and that the number itself carries an implicit
error of its true value depending on the measurement used (various kinds
of swabs, CT scans, etc) and by solving the equation in time t for the
parameters found in Table 1:

x(t)= Fractionof ¢
(5)

one obtains the values shown in Table 2:
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Table 2 — Estimated time t for the end of the disease spread based on the value
¢ = 125043 obtained in Table 1
Tabnuya 2 — PacyemHoe epems t 3agepuwieHuUs pacrpocmpaHeHusi 3aboneeaHusi Ha
OCHOBaHUU 3Ha4eHus ¢ = 125043, nony4yeHHo20 u3 mabnuypi 1
Tabena 2 — lNpouer-eHo spemMe t Kpaja wupera 3apase, 3acHo8aHO Ha 8pedHocmuU C =
125 043, dobujeHoj us mabene 1

Fraction of ¢ Time t

99.9% 65.5 Days
99.99% 77.8 Days
99.999% 90.0 Days

In other words, it means that, in order to reach a total number of
cases equal to 99.9% of ¢ as in the first line, one should wait to the end
of April 2020 approximately. The other two values will be reached around
the middle and the end of May 2020, respectively.

Our prediction model made some implicit assumptions; namely, that
the system is closed, so there are neither external interactions over the
whole time, nor congregating of people that could drastically increase the
local number of patients even in an isolated system, and that we are
actually dealing with only one kind of a virus strain, which has already
been discussed in (Cereda et al, 2020) and which may explain the
extreme agressiveness of the Italian situation compared to those in other
countries (see (Google 2020) for data on other countries).

In reality, there is a possibility that interactions among different
countries will restart before the situation in the whole world settles down,
meaning that some minor disease spreads could reoccur before its
disappearing, looking like damp copies of the derivative of equation (2)
repeated in a more or less periodic way depending on the reopening of
borders for goods deliveries and traveling.

Conclusion

The model of population growth has been used and it has been
found out that it agrees with the current data of Covid-19 diffusion
surprisingly well, using just a few parameters. The determination of these
parameters allows us to notice that the peak growth that happened at
about 30 days after the start of the disease has already been surpassed.
The total number of Covid-19 cases, about 125 thousand, is still far off
and should be reached in approximately 30 days, provided ltaly remains
isolated from other countries and keeps away from internal traveling as
much as possible to avoid other possible causes of infections.
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O PACIMNPOCTPAHEHWN 3ABOJIEBAHNA COVID-19 B UTATTUW:
AHANN3 OAHHbBIX 1 BOSMOXHbIM NCXO[

Hukona ®abnaHo®, koppecnoHaeHT, CmosH H. Pa,z:I,eHOBVN6

@ YumsepeuteT ToH [yk TxaHr, ®akynbTeT MaTeMaTU4eckon CTaTUCTUKH,
Xo Wun MuH, BbeTHawm;
YHnusepcuteT ToH [lyk TxaHr, iccnegoBaTenbckuin oT4en HENMHENHOTO
aHanusa, Xo Wu MuH, BbeTHam

6 benrpagckui yHusepcuteT, MalwMHOCTPOUTENBHBIN d)akyrbTeT,
r. benrpag, Pecnybnuka Cepbus

PYBEPUKA TPHTW: 27.29.00 O6bikHOBEHHbIE AnddepeHumnansHble
ypaBHeEHUS

BWO CTATbW: opurmHanbHasa Hay4YHas ctaTbs

A3bIK CTATbW: aHrnuickmin

Peswome:

BeedeHue/uyenb: B koHue 2019 zoda KopoHasupycHasi UHGbeKuusi
(COVID-19) nepeoHayvasibHO bbiia 0OOHapyeHa 8 KumalcKol nposuHUUU
Xyb6al, a 3amem pacrnpocmpaHuach o 8cemMy Mupy, ebi3eas naHoOemuro
KopoHasupyca. Bupyc nposiensinicsi 8 pasHbIx cmpaHax o-pa3Homy, Ha
ce200HAWHUU OeHb, roka Mbl nuwem OaHHyro cmamblo, 8 Wmarnuu
3apeaucmpuposaHo  PeKopOHOE  KOMU4Yecmeo  yMepwux — om
kopoHasupyca (Google, 2020).

Memoodb!: BbiweonucaHHasi npuknadHas Mamemamudeckasi MoOersb,
ukcupyem rosedeH4yeckue 0CObEHHOCMU Crlyyaee 8 OMmHOWeHUU
8pPEMEHU, 8bIMMOSIHEHO CPABHEHUE C MOSTyYEHHbIMU OaHHbIMU U rpueedeH
rpozHo3 Ha bydywiee.
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Pesynbmamsi: [JaHHas moderib npedcmaesrissem 380II0UUK pacliupeHUst
3aborneeaHusi, U d0aem B03MOXHOCMb €030amb COOMmeemcmeyuue
ycriosusi 8 bydyuiem.

Bbigo0bi: 38ykoebie npoekyuu Mo2ym 0amb MOYHbIE HYUC/a, HO MOJIbKO
fpu ycrosuu, ecnu mekywasi cumyauusi He 6ydem HapyweHa Opyaumu
8HeWHUMU 8030elicmausiMu.

Knouesble criosa: KopoHasupyc, COVID-19, dughgpepeHyuanbHoe
ypasHeHue, cosrnadeHue OaHHbIX.

O INdY3NJIN COVID-19 Y UTANTNIN: AHATTNSA TTOOATAKA N
MOIYRU NCXOA

Hukona ®abuano®, ayTtop 3a npenucky, CmojaH H. PapeHosuh®
@ YuusepaunteT ToH [lyk Tanr, akynTeT MaTemMaTuke n CTaTUCTUKE,
Xo Wu MuH, BujeTHam;
YHuepautet ToH [lyk TaHr, cTpaxnsayka rpyna 3a HenuHeapHy aHanmsy,
Xo Wu MuH, BujetHam
o YHuBepautet y beorpagy, MawuvHcku cdakynTeT,
Beorpag, Penybnuka Cpbuja

OBJNACT: matemaTtuka
BPCTA YJ1IAHKA: opurMHanHim Hay4Hu pag
JE3VK YJTAHKA: eHrnecku

Caxemak:

Yeod/uurb: Kpajem 2019. 2o00uHe, uHgbekuuja kopoHasupycom (COVID-
19) udeHmucbukoeaHa je Hajrpe y KUHeCKoj nposuHuuju Xybeu, a 3amum
ce npowupuna no ceemy y3pokyjyhu naHdemujy. Pasnudum je 6poj
3apaxeHux 08UM BUPYCOM y 3eMrbaMa WUPOM ceema. Y mpeHymkKy
nucarba 0802 mekcma y imanuju je 3abenexeH Hajeehu 6poj cMpmHuUX
ucxoda rpoy3pokosaHux KopoHasupycom (Google, 2020).

Memode: [lpumereH je Mmamemamuyku MoOe/ Koju orucyje
Kapakmepucmuke 6poja criyyajeea y OoOHOCy Ha epeme. M38pluieHo je
rnopehewe ca OobujeHum nolayuma U rposHo3upaH  Oarbu MOK
obornesgara 00 UHheKyUje KOPOHasUpPyCOM.

Pesynmamu: Oeaj modern, koju npedcmasrba €80syyujy wWupera

bonecmu, omozyhasa Oa ce usspwe odpefheHa npedsuhara wupera
KopoHasupyca y 6ydyhHocmu.

Bakrbyyquyu: lMNoysdaHo ce moey npedsudemu mayHe 6pojke 6poja ympiux
U UHGbuyupaHux nod ycroeom 0a ce Ha mpeHymHy cumyauujy He oopase
Opyau criorbHU ymuuaju.

KrbyuHe peyu: kopoHasupyc, COVID-19, dugpepeHyujanHa jedHaquHa,
yKknanake rnodamaka.
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FIELD: Physical Chemistry
ARTICLE TYPE: Original scientific paper
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Abstract:

Introduction/purpose: Different types of interactions in diatomic molecules
of complex atoms are analysed.

Methods: The empirical formulas of Lennard-Jones, Buckingham,
Buckingham-Corner, Morse, Danem, Gulbert-Hirschfelder, Klein and their
combinations without their clear physical justification are used to take into
account the repulsive and attractive forces in the molecule. To improve the
situation of the binary interaction inside condensed matter, Gretchikhin
and his associates proposed applying the Heitler-London quantum theory,
but only at distances greater than equilibrium. At distances less than
equilibrium between atoms in the binary interaction, the Lennard-Jones
formula was still used. Using various kinds of fitting coefficients, in each
case we obtained a match with the experimental data on the dissociation
energy. A more general idea of all possible types of interactions was
completely absent. In this connection, the need arose to reveal all possible
types of interactions inside diatomic molecules and theoretically obtain
dissociation energy, activation energy, and standard atomization enthalpy.
The application of quantum mechanics methods in the Heitler-London
theory allowed to take into account not only the Coulomb deterrence
during exchange interaction, but also the Coulomb repulsion of nuclei.

Results: The electric dipoles for neutral atoms and for positively charged
ions of the core of diatomic molecules were calculated. This made it
possible to calculate the electron-dipole and dipole-dipole interactions. A
theory of the repulsion of positively charged nuclei of complex atoms in
diatomic molecules has been developed. The interaction potentials for the
molecules of carbon, nitrogen, oxygen, aluminum, silicon, and sodium are
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calculated. The developed physical model of the formation of diatomic
molecules is compared with the empirical potentials of Lennard-Jones and
Morse. At the internuclear distance equal to the sum of the energy radii of
atoms in the molecule, a potential jump occurs with a transition from the
negative to the positive region of binding energies, which determines the
activation energy of the formation of diatomic molecules.

Conclusion: From the obtained interaction potentials of atoms in diatomic
molecules, the activation energy, ionization energy, standard atomization
enthalpy, and electron affinity are determined.

Key words: interaction potential, covalent bond, ionic bond, electric
dipole, induced bond, diatomic molecule.

Introduction

The interaction of atoms is a rather complicated process. This
mechanism is understood qualitatively under the assumption that there
are attractive and repulsive forces between the interacting atoms.
However, these forces are extremely entangled and that is why creating
a model of their interaction appeared to be a difficult task. Therefore, a
simpler way of applying the regression analysis to describe the
interaction potential between atoms was used. As a result, Lennard-
Jones, Buckingham, Buckingham-Corner, Morse, Dunham, Hulbert-
Hirschfelder, and Klein potentials were obtained as well as their
combinations (Hirschfelder et al, 1954). The first, quite widespread
formula, representing the interaction potential, was proposed by Lennard
and Jones in the following form (Gretchikhin, 2018), (Yelyashevich,
1962):

b

V(r)=——t—, (1)
re r

where a and b constants are fitting coefficients.
The formula proposed by Dunham turned out to be more universal:

V)=V, {b{l—%’j Hnﬁ:bn(l—%jn} , 2)

where: V, is the depth of a potential well; ry is the equilibrium value of the
radius corresponding to the minimum interaction potential V(ry); and by,
b, and n are the fitting parameters.

For diatomic molecular systems the potential proposed by Morse is
usually used (Gretchikhin, 2018):

V(r)=D,[1-exp(-pAn)] . (3)
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The initial parameters for constructing the Morse potential are the
dissociation energy D,, the distance difference relative to the location of
one of the nuclei Ar, and B, which is determined as follows:

p= 1/0/2De . In turn, the force constant O is found from the vibrational

spectrum and was obtained for most diatomic molecules.

To exclude any fitting coefficients, the paper (Gretchikhin, 2018)
proposed a slightly different approach presented in the following form for
the condensed systems:

6 12
2V, Y,
- +
6 12 2

V. (@)= ’ ' ) @

res. 3

3 H +H
ZNiKiz ZZZ:,kZ;,I J J-pe,a ()P, (&)(Wjdgkdgl:l at>r,

3
i=1 k=0 1=0 (a) (b)

Here Vi.s(r) is the interaction potential of particles depending on the
distance between the particles; V, = D, is the energy of interaction of the
particles at the equilibrium distance which is equal to the energy of
dissociation; r. is the equilibrium distance between the interacting
particles; Ny is the number of particles within the k(I)-th energy state; k;

is the visibility coefficient; Z,,,Z,, are effective charges of the

interacting particles; p,,(&,),p,.,(&,) is the distribution of the electron

density p. of the particles around the power centers A and B of the
interacting particles with the energies & ang € in the k-th and /-th energy
states; H; 4, Hi2 n S are the Coulomb, exchange, and overlap integrals,
respectively.

This formation of the interaction potential between atoms in a
diatomic molecule involves two problems. The first one is that the
equilibrium distance is always greater than the value obtained from the
analysis of the vibrational spectrum of the resulting molecule, since the
repulsion energy of ions in a positively charged core is not taken into
account.

The second problem arose in that the overlap integral at the
equilibrium distance turned out to be greater than the unity which does
not correspond to the physical nature of this integral. The integral should
always be less than one.

In this connection, it is vital to set the following goal: to develop a
model of the interaction of atomic structures that would allow, by applying
the initial data on the ionization potentials experimentally obtained for all
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atoms of the periodic table, to fully obtain the interaction potential
between the atoms. To achieve this goal, it is essential to solve the
following tasks:

- to find out the conditions of applicability of different types of
chemical bonds that arise between the interacting atoms;

- to formulate a model of the interaction between the ions of a
positively charged core;

- to develop a model of the interaction between different energy
states of a positively charged core;

- to make a comparative analysis of the interaction potentials using a
number of examples and taking into account the presence of covalent,
ionic, induced, electron-dipole, and dipole-dipole bonds, as well as the
repulsion energy of atoms and positive core ions in the initial atomic
structures.

Let us consider, one after another, these problems.

A Analysis of different types of chemical bonds
between interacting atoms

A fairly detailed analysis of different chemical bonds was performed
in the paper (Gretchikhin, 2018). The paper shows how the following
interactions are formed: covalent, ionic, induced, electron-dipole and
dipole-dipole ones. However, the interactions resulting from the presence
of a positive core inside the molecule were not considered.

A covalent bond is formed by the exchange of electrons between
interacting particles. Heitler and London, using quantum mechanics,
developed the theory of this type of interaction and applied it to the
analysis of the hydrogen molecule. Figure 1 shows a schematic diagram
of the electron exchange. Based on the general ideology considered in
the paper (Gretchikhin et al, 1990), the exchange interaction potential in
the notation shown in Figure 1 is represented in the following form:

2 2 2 2
g [e_ﬁ__e__e_], )

where ¢, is the dielectric constant of the vacuum while 7, is the

distance between the electrons.
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Figure 1 — Schematic diagram of the electron exchange between two identical
atoms
Puc. 1 — Cxema obmeHa anekmpoHamu mMmex0y 08yMsi 00UHaKo8bIMU amomamu
Cnuka 1 — lllemamcku rpuka3s pa3meHe efieKmpoHa usmely dea udeHmuyHa
amoma

In the case of the interaction of identical atoms, the exchange of
electrons occurs in the zone of overlapping wave functions, which is

located at a distance of ~7, /2 from both atoms. Taking into account the
probability P, of a valence electron being in the overlap zone, an

electron that passes from the atom A to the atom B and is held by the
electric field of the atom A has the following energy:

Ul =Pe’l4rne,(r,/2).

A similar electron holding potential arises for the atom B:
U =Pe’/dre,(r,12).

The resulting potential that holds the exchange of electrons for
identical atoms at relatively small distances 7, is equal to P, = F, ~0.5

and therefore amounts to: U™ =U +U, = e’ /4ne,r,.

Based on the form of the resulting confining potential, it was thought
that the potential takes into account the repulsion of the nuclei of
interacting atoms. Therefore, it was believed that the Heitler-London
theory already took into account the interaction of the nuclei. This
mistake costs us dearly. The first term in the interaction potential (5) does
not take into account the repulsion of the nuclei, but confines the
electrons during the transition from one atom to another. The repulsion of
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the nuclei should be taken into account separately and in a completely
different way.

Potential (5) was written for a hydrogen molecule in which identical
atoms interact. For diatomic molecules composed of different atoms,
potential (5) has a different form and, therefore, the Heitler-London
theory in this case needs to be further developed.

The direct exchange of valence electrons between the interacting
particles creates the bond exchange energy in dynamics. In the process,
each electron of the atom A independently interacts with all electrons of
the atom B. The resulting energy of the bond was obtained in the paper
(Gretchikhin, 2004)

S H“+lej
ki

k1

(6)

Here, N, is the number of energy levels of the particle A and N is
the number of energy levels of the particle involved in the interaction,
while the other values are as follows:

Hl,l = _Ul//: (ra,l )‘//Z (rb,z)[rlrl//a (ra,l)‘//b (rb,z)dé:ldé:z is the Coulomb integral,

H, = [ Wi v ) H v, (1, ), (1, )dEdE, s the exchange
integral,
S = [[walr, v G 0, ()W, (1, )dEAE, s the overlap integral.

Accordingly, v, and y, are the wave functions of the atom A and

the atom B in the ground state.
The probability of a valence electron being in the contact zone of the
first and second interacting particles is determined as follows:

2a
forthe atomA P, =1-—"F, (7)
’ 4
2
and for the atomB B, =1- 4’8’ : (8)
T
Here the angles are:
2 2 2 2
¥ r, =
a, =arctan| -~ | y B —arctan| 1221 (9)
hx ey

In addition, it is necessary to take into account the mutual shading of
each internal energy state by external electrons. This process is taken
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into account by the share in the exchange interaction of each electronic

state, which should be determined as follows:
i=k-1

Z,=>7
i=1
A

In the process of electron exchange, a situation arises when both
electrons are near one of the interacting atoms. In this situation, an ionic
bond occurs, i.e., the interaction of a negative ion with a singly ionized
atom is realized.

lonic bond. The theory of ionic bonding which makes it possible to
determine quantitatively the magnitude of ionic bonding based on the
residence time of valence electrons near interacting particles has been
developed in the papers (Gretchikhin, 2004) and (Gretchikhin, 2008) not
only for neutral particles, but also for each multiplicity of ionization.

The probability of a valence electron being in the contact zone near
the first and second interacting particles is determined as follows:

5 (10)

for the atom A:

22
2 arctan| 4!
n
P = . , (11)
and for the atom B
I"2 l"2
2 arctan b 2
7
P, = yy ) (12)

Given this, the probability that the valence electron of the atom A will
go over to the atom B will amount to P, S while the probability that the

valence electron of the second atom is not within the contact zone
amounts to (1-P,). The resulting probability of this event is equal to

P §(1-P,). A similar situation occurs when the valence electron of the

second atom is within the contact zone and passes to the first atom while
the electron of the first atom is not within the contact zone; the probability

is equal to (1-F)). In this case, the probability of the event is equal to
(1-P,)-PpS. Both in the first and second cases, an ionic bond arises. The
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total probability of the ionic bond formation is the sum of these
probabilities

©=P,(1-B)S+P,(1-P)S. (13)

Therefore, in the binary interaction of two identical atoms, the ionic
bond energy, in general, is determined by the following formula:
2
E, =0—%—. (14)
4re,r,

Table 1 shows, as an example, the shares of the ionic bond arising
from the binary interaction of two atoms with the formation of a diatomic
molecule.

Table 1 — Shares of an ionic bond and electric dipole moments for diatomic molecules
Tabnuua 1 — [Jonsi uoHHOU ¢853U U OUMO/bHbIE 311IeKMpUYeCcKUe MOMEeHMbI O
08yXamoOMHbIX MOJEKY
Tabena 1 — Y0eo joHcKe ge3e u enekmpuyHUX QUNOSTHUX MOMeHama 3a 08oamomcke

Morsekyne
Parameter C, N, O, Si, Al Na,
© (%) 16.70 | 10.61 33.6 13.78 43.15 30.26

Poiy 10°Cm | 5196|3429 |2228 |5705 |4916 |-

P34 10°C'm | 3160 | 2228 |3.158 |2.626 | - -

Pos 107 Cmo - 1.094 |2.165 |- ] ]
Psas) 10 C'm - - 1.184 - - -
EA (kJ/mol) - 16.42 | 57.6 | 89.08 405.4 | 321.1

It turns out that, even for identical atoms, the fraction of the ionic
bond energy is noticeable and not equal to zero.

In the process of electron exchange, an uncompensated charge
arises in the region of overlapping wave functions. This charge,
interacting with the positive core of the molecule, additionally increases
the binding energy of the atoms in the diatomic molecule, i.e., the binding
energy arises due to the induced electric charge. (Gombas, 1950)

Induced bond. An induced bond is determined by a potential barrier
occurring between the interacting particles when exchanging valence
electrons.
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The electron of the atom A and the electron of the atom B create a
negative potential barrier independently of each other. The electron when
traveling from one particle to the other is partially reflected and retarded
at the boundary interacting particles. The probability of such an event is

equal to the product P (1-F)(1-S). At the same time, the second
electron is also reflected from the boundary with the probability of
P (1-P )1-S). Therefore, the probability of the formation of a negative

potential barrier is equal to the sum of these probabilities. Thus, the value
of the negative charge in the contact zone will amount to

AQ=[F,(1-F)+(A=F)F]1-S)e. (15)

As a result, additional binding energy arises:

By =2 1= 2)Z 4 (- R)Z 4 REIZY + R 2 + B2 +..)(16)
TE,T,

where Z',Zr, Z*,Z; w ZI,Z* are accordingly, the effective

charges of atoms and ions of the first and second degrees of ionization of
the interacting particles, respectively.

Most atoms and ions of complex atomic structures feature a built-in
and induced dipole electric moment. Therefore, the electron—dipole and
dipole—dipole interactions should be taken into account.

Electron-dipole interaction. In the process of the interaction of the
atomic particles the built-in dipole electric moments are arranged so that
they ensure maximum overlap of the wave functions of the interacting
particles with their orbits. In the process of the exchange interaction
between the interacting particles, a negative charge AQ arises; the value
of the charge is determined above by formula (15). This negative charge
interacts with the dipole moments of the first and second interacting
particles, weakening the binary bond between the particles. The energy
of this bond is as follows:

8AQ
2

i r(0= PP +(=B)p, + PP pos + BB py+ RE pos+. ) (1)
0%e

Eefd =

where p, 1, Ps2, Pa3, Pads Pas VI Pas are the built-in dipole electric moments
of ions of the first, second and third ionization of interacting particles.
Odd values refer to atom A while even values refer to atom B.
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The presence of built-in electric moments in the interacting particles
leads to the appearance of a dipole-dipole bond.

Dipole-dipole bond. A dipole-dipole bond in the binary interaction
of complex particles is determined according to the following formula:

o+t

i = A= P)(1 = By 222 | pepy Posbos  prsper PosPos | 1 (18)
o dre,r; Ar g,r; drre,r;

E

In the formation of an ionic bond, a cross interaction of dipole
electric moments is formed. Then, taking into account (18)

pa,lpa,;l 20 p3,2p3,§ .
dre,r, 4re,r,

In the process of the binary interaction, a particle with shared
electron shell is formed due to sharing of outer electrons. The bond
breaking energy for a newly formed particle is determined by all types of
bonds combined. In this case, it is essential to know the effective
radiuses of the interacting particles and the equilibrium distances
between them. The interaction potential, even considered with taking into
account all the above interactions at close distances, does not make it
possible to obtain a significant decrease in the binding energies (D). In
this regard, let us consider the process of the interaction of the ions of a
positive core, which quite effectively reduces the binding energy of the
interacting atoms in a diatomic molecule.

E, =20

dip —dip.

(19)

Coulomb repulsion of the particles of a positively
charged ionic core

In complex molecular systems, the valence electrons of individual
atoms are shared, and a condensed medium appears in the form of a
two-component mixture consisting of a generalized electron cloud and an
ionic core of single ions. The electrons of neutral atoms are bound to a
positively charged core with their effective charge. These effective
charges interact with each other when they open due to the overlap of
their wave functions. Based on the divergence theorem, the flux of the
electric displacement vector is equal to the charge inside a closed
surface. In the presence of a second positive charge, the flux of the
electric displacement vector is deformed and a third one - negative
charge - arises on the surface that separates two positive charges. The
electric displacement vector is directed perpendicular to the surface.
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Then the flux of the electric displacement vector through this surface
amounts to:

‘e cos(a)
Nowy = I
drr} )

(20)

where z* is the effective charge of a positive ion, dS =2zrdr and

2
ry = \/raz,(b) —(r, /2)2 o= arctan[r_rj_

e

Accordingly, the share of the charge involved in the mutual repulsion

Eoy =Now ! Ze. (21)

In addition, the mutual screening of the effective charge should be
taken into account since each successive ion charge is screened by the
previous energy levels of the atomic system, i.e.:

Z:,k = Za,k _Za,k—l _Za,k—Z -
Then the repulsion energy amounts to:

* gk *+ + 2 ++ gt gt g Rt 2
ESZuZ0)C | pope Subi 202 | pepe SUET LT | (22)

UL! = PLII)ZJ
dre,r, dre,r, Are,r,

When negative ions are formed, a repulsion arises between the
induced charge and the external electron of the negative ion, i.e.

£ =00 {l+ij. (23)
4

dre, 7,

Therefore, positive ions inhibit the exchange of electrons within the
ionic core, and this is precisely what is taken into account in the Heitler-
London theory. In addition, they mutually repel according to Coulomb’s
law. Each valence electron can be, with a certain probability, in the
region of overlapping wave functions of neutral atoms and positive ions
inside the core. In this case, based on the principle of superposition of
electric fields, it is necessary to take into account the interaction of each
ion with all other ions inside the positive core of the molecule.
Specifically, for the binary interaction, this situation is shown in Figure 2.
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Figure 2 — Coulomb interaction of nuclei in the binary interaction of atoms
Puc. 2 — KynoHosckoe 83aumodeticmeue si0ep 8 buHapHOM e3aumodelicmeauu
amomos
Cnuka 2 — KynoHoea uHmepakuuja Hykneyca y 6uHapHoj uHmepakyuju amoma

The overlap zone for the valence electron of the neutral atom A is
formed by the angle a while the one for the atom B is formed by the
angle f; these angles are determined by formulas (11) and (12). The

overlap zone of the wave functions of the single ionization is indicated by
the number 1, and the overlap zone of the wave functions of the double
ionization is indicated by the number 2.

The interaction energy of the positive ions of the core amounts to:

7’
u. = Pr———. 24
Z amer (24)
Thus, the total energy of the interaction of atoms in a diatomic
molecule is realized as the following sum:

Eres. = Ecov. + Eion + Eind. + E

el —dip.

+E +U; . . (25)

dip —dip.

Thus, the interaction potential of atoms in a diatomic molecule is
determined as such a complex aggregate. Below the interaction
potentials for some diatomic molecules were calculated in comparison
with the Lennard-Jones and Morse potentials as an example.
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Interaction potentials of the diatomic molecules and
their analysis

The calculations of the interaction potentials have been performed
under the following restrictions:

1. At the internuclear distance of r, =r, +r,and farther, only the

exchange interaction occurs, the repulsion of the ions of the positive core
is sharply weakened while the interaction of the built-in electric dipoles
occurs only for neutral atoms.

2. For distances at which the overlap integral S is greater than unity,
the ionic, induced, and electron-dipole bonds are equal to zero.

3. At all internuclear distances, the bond exchange energy is always
greater than the dipole-dipole bond.

4. The overlap integral is always less than one.

Specific calculations of the interaction potentials have been performed
for diatomic molecules of carbon, nitrogen, oxygen, silicon, aluminum and
sodium, for which the dissociation energy varies from a maximum value of
9.76 eV to a minimum value of 0.76 eV and they are shown in Figures 3 to
8. This is enough to fully understand the dynamics of the formation of
interaction potentials during the formation of diatomic molecules.

E(r) (eV)

1.9 17 19 21 23 r (A)
1 2
3

Figure 3 — Interaction potential in the diatomic nitrogen molecule obtained using:
1 - formula (25); 2 - Lennard-Jones formula; 3 - Morse formula
Puc. 3 — lNomeHyuan 8 d8yxamomHoU MorneKyre azoma nosy4eHHbIl no ¢hopmyne:
1- (25); 2 - [leHHapda-[xoHca; 3 - Mopse
Cnuka 3 — lNomeHyujan uHmepakyuje y 080amoMCKOM MOrIeKyly 8000HUKa 00buUjeH
nomohy: 1 - popmyne 25, 2 - lleHapd-LIoHcoee chopmyne, 3 - Mop3eose chopmyrne
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Figure 4 — Interaction potential in the diatomic oxygen molecule calculated using:
1 - formula (25); 2 - Lennard-Jones formula; 3 - Morse formula
Puc. 4 - lNomeHyuan e d8yxamomHOU MoreKyne Kucriopoda fnony4yeHHbIl no ¢popmyre:
1-(25); 2 - JleHHapOa-[xoHca; 3 - Mop3se
Cnuka 4 — lNomeHyujan uHmepakuyuje y 080amoMCKOM MOJEKYTy KuceoHuka dobujeH
rnomohy: 1 - popmyne 25, 2 - lleHapd-LIoHcoee chopmyne, 3 - Mop3eose chopmyrne
U(r) (eV)

1.2
1.0T°

2.0T

507
6.0

Figure 5 — Interaction potential in the diatomic carbon molecule obtained using:
1 - formula (25); 2 - Lennard-Jones formula; 3 - Morse formula
Puc. 5 — NomeHyuan e3aumodelicmeusi 8 d8yxamoMHoU yanepoda rnosy4eHHbIU Mo
gopmyne: 1 -(25); 2 - [leHHapOa-LxoHca; 3 - Mop3se
Cnuka 5 — lNomeHyujan uHmepakuyuje y 080amoMCKOM MOEKyry yerbeHuka 0obujeH
rnomohy: 1 - popmyne 25, 2 - lleHapd-LIoHcose chopmyne, 3 - Mop3eose ghopmyrne
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Figure 6 — Interaction potential in the diatomic aluminum molecule obtained using:
1 - formula (25); 2 - Lennard-Jones formula; 3 - Morse formula
Puc. 6 — Nomexyuan esaumodelicmausi 8 08yXamoMHOU MOMEKyre antoMUuHUs
nonyyeHHblIl rno gopmyne: 1 - (25); 2 - flenHapda-[xoHca; 3 - Mopsa
Cnuka 6 — lNomeHuyujan uHmepakuyuje y 080amoMCKOM MOSEKyrly anyMuHujyma 0obujeH
rnomohy: 1 - popmyne 25, 2- JleHapd-LloHcose ghopmyne, 3 - Mop3eose chbopmyrne

1 EA =89.1 kJ/mol

U@ (eV)

(A==t

38 42 46 r(A)

\

Figure 7 — linteraction potential in the diatomic silicon molecule obtained using:
1 - formula (25); 2 - Lennard-Jones formula; 3 - Morse formula
Puc. 7 — NomeHyuan e3aumodelicmeausi 8 8yxamoMHOU MOreKyrne KpeMHUs
rosny4eHHbIlU no ¢popmyne: 1 -(25); 2 - lleHHapda-LxoHca; 3 - Mop3a
Cnuka 7 — lNomeHuujan uHmepakuyuje y 080amoMCKOM MOJIeKyry cunuyujyma 0obujeH
rnomohy: 1 - popmyne 25, 2 - lleHapd-LIoHcoee chopmyne, 3 - Mop3eose ghopmyrne
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Figure 8 — Interaction potential in the diatomic sodium molecule obtained using:
1 - formula (25); 2 - Lennard-Jones formula; 3 - Morse formula

Puc. 8 — NomeHyuan e3aumodelicmausi 8 d8yxamoMHOU MOeKyrne Hampusi

rony4eHHbIl rno ¢hopmyne: 1 - (25); 2 - lleHHapda-LkxoHca; 3 - Mop3a

Cnuka 8 — lNomeHuyujan uHmepakyuje y 080amoMCKOM MOJIeKyly Hampujyma dobujeH

rnomohy: 1 - popmyne 25, 2 - lleHapd-LIoHcoee chopmyne, 3 - Mop3eose chopmyrne

Table 2 — Radii of atoms and the values of different binding energies in the energy of
dissociation
Tabnuuya 2 — Paduycbl amomMoe8 U 3Ha4YeHUs pa3HbIX 3Hepaull cesa3u 8 aHepauu
duccoyuayuu

eHepeauju ducouyujayuje

Tabena 2 — lNpeyHuyu amoma u 8pedHOCMU pas3nuyuMmux 8e3UsHUX eHepauja y

The calculated atomic radii and internuclear distances

l'\é"c’ as well as the values of different interaction energies in eV
ra (A) I'e (A) Ecov. Eion Eing. Eel.-dip. Edip-dip. Epaan. De
N. 1.109 1.3974/1.098 | -7.402 | -1533 | -1.613 | 0.102 0.111 0.575 9.760/9.76
2 | 0.746 1.0696 2464 | -1.873 | -0.778 | 0.070 0.096 0.119 4.829
C, | 1.201 1.2896/1.242 | -4.450 | -1.010 | -3.007 | 0.360 0.510 1.476 6.200/6.2
0.8675 | 1.189/1.207 -3.304 | -1.720 | -1.023 | -0.104 | 0.545 0.487 5.120/5.12
O, | 074 1.07 2404 | -1.804 | -0.791 -0.086 | 0.408 0.235 4.370
0.672 0.992 -1.983 | -1.897 | -0.714 | -0.052 | 0.169 0.152 4.053
si, | 1992 1.985/2.246 -1.561 -0.255 | -2.132 | 0.002 -0.038 | 0.581 3.400/3.4
2 | 156 2.035 -1.330 | -0.190 | -2.346 | 0.003 -0.037 | 0.654 3.247
Al, | 0.718 1.096/2.56 -0.736 | -0.863 | -815 0.110 0.052 0.253 2.00/2.0
Na, | 0.8867 | 1.4565/3.077 | -.404 -.230 0290 |0 0 0.174 -0.750
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An important property of the interaction potentials is that for given
ionization potentials and dipole electric moments, the experimental value
of the dissociation energy is realized with a strict ratio of the effective
energy radius of a neutral atom and the distance between nuclei in a
diatomic molecule. In this case, the effective energy radius should not
coincide with the radius of the atom, since the radius of the atom
corresponds to the maximum of the electron density distribution function
while the effective energy radius of the interaction is determined by the
mutual compensation of the positive and negative binding energies at an
equilibrium distance. Predominantly, the energy radius turned out to be
greater than the radius of the atom obtained by calculations using the
Hartree-Fock wave functions (Brattsev, 1966). Only for silicon, the
energy radius turned out to be ~ 10% less while for sodium both radii
completely coincided.

For most diatomic molecules, the calculated equilibrium distance
between atoms turned out to be greater than the equilibrium distance
obtained from the vibrational spectra. Only for silicon and sodium did
these values turn out to be less than the equilibrium distance obtained
from the vibrational spectra.

The specific calculated values of the energy radii and the equilibrium
distances of the interacting atoms as well as the values of different
binding energies in diatomic molecules are summarized in Table 2.

The internuclear distance for all molecules does not coincide with
the values obtained from the vibrational spectra. These values in Table 2
are shown after slash.

The induced binding energy, which was substantiated in the work
(Gretchikhin et al, 2015, pp.29-41), and the repulsion energy introduced
in this article, turned out to be determining. Without taking them into
account, the interaction potential in diatomic molecules cannot be
determined.

Average effective radius of molecules and ionization
energy of binary formations

In diatomic molecules, the valence electrons travel each around their
atoms. When both electrons enter the overlap zone, an exchange of
electrons occurs. The bond of one of the external electrons with the core
of the molecule determines the ionization potential while the second
electron screens the core of the molecule. Obviously, such screening
should be different depending on the size and structure of the electron
shells of the interacting atoms. Each of the external valence electrons in
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the diatomic molecule interacts with one of the nearest atomic nuclei in
two positions shown in Figure 2. Thus, the effective radius of the
molecule can be represented as follows:

o =L, + 1)+ (0 4 1) 42 =17+ = 174 (26)

The probability of electrons being in the overlap zone is determined
by formulas (11) and (12) while taking into account the fact that they do
not exchange their states. Accordingly, for each electron, the resulting
probability of staying in the overlap zoneis P,(1-S) n P,(1-S5).

Outside the overlap zone, the ionization energy of the atom A is
equal to the single ionization of the atom A. In the overlap zone, if the
electron does not transfer from the atom A to the atom B, the ionization
energy still corresponds to the atom A. The electron in the atom A is
either in the overlap zone or outside this zone. The resulting probability of
this event for the atom A, taking into account the fact that the valence

electron is located at a distance of », from the nucleus of the atom, is
equal to [(1-P,) + P,(1-S)r, /r,] while the probability for the atom B is
equal to [(1-P,) + B,(1-S)r, /r,]. Then, for the electron near the atom A,
the ionization energy of the molecule will amount to:
1P, = [0~ P)~B,(1~S)r, /18, + P,A-)0, P, —24€_ (37)
&)
while that for the electron near the atom B will amount to:

1P, =[(1- P,) + B,(1= Sy, /1,10, + (1 - P)P.6, - P, — 21
TEN,)

(28)

Here @, and 0, are the ionization energies of the atom A and the atom

B, respectively.

The results of the calculations of the ionization energies and the radii
of neutral molecules and their ions of the first as well as the second
multiplicity of ionization of some diatomic molecules are presented in
Table. 3 as an example. The reference data for the first multiplicity of
ionization of some diatomic molecules is shown in Table 3 after slash.

Agreement with the data for diatomic molecules, given in the
handbook (Radzig & Smirnov, 1985), for the energies of single ionization,
is quite satisfactory. A number of molecules feature a relatively large
dipole electric moment. This property of molecules is still not clear. When
the molecules in which the initial atoms have a built-in dipole electric
moment are considered, this property of molecules can be understood.

242



However, even in the case of simple diatomic molecules, such as BH and
LiH, in which the initial atoms do not have a built-in dipole electric
moment, their own dipole electric moments are quite substantial. This
property of molecules needs further justification.
Table 3 — lonization energy of diatomic molecules of the single and double ionization
multiplicity
Tabnuya 3 — SHepeaus uoHu3ayuu 08yxamoMHbIX MOJIEKYI 1epeoll U 8mopol
KpamHocmu uoHu3ayuu
Tabena 3 — JoHu3sayuoHa eHepauja 080amoMcKUX MorieKyna jedHocmpyke u 08ocmpyke
MynmurnuKkamueHoOCcmu joHusauuje

Parameters Molecules

C, N2 (03 Al Siy Na2
rma (A) 1.410 1.550 1.067 2.129 1.811 1.060
Z; 1.173 1.618 0.909 0.964 0.954 0.361
O (eV) 11.87/ 15.05/ 12.515/ 6.527 7.596/ 4.916/

11.9 15.58 12.077 - 7.4 4.9
rm2 (A) 0.953 0.965 0.756 1.488 1.277 0.908
Z> 2.173 2.618 1.909 1.964 1.954 1.361
O, (eV) 32.87 39.11 36.40 19.026 22.057 21.6

In order to exclude the influence of intrinsic built-in dipole electric
moments of the initial atoms, let us consider, as an example, the
aforementioned simple diatomic molecules BH LiH. For these molecules,
the dipole electric moments are respectively 4.33-10-30 C-m and
19.6-10-30 C'm (Radzig & Smirnov, 1985). The first value was obtained
with an error exceeding 10% while the second one - with an error not
exceeding 1%, i.e., quite accurately.

The calculation of the dissociation energies of these molecules is
presented in Table 4.

Table 4 — Values of the binding energies of diatomic molecules from
different atoms without built-in dipole electric moments
Tabnuua 4 — BenuyuHa aHepauli cesi3u d8yxamoMHbIX MOMEKYs U3 pa3HbiX amomos 6e3
8CMPOEHHbIX OUMOSIbHBIX 3MTEKMPUYECKUX MOMEHMO8
Tabena 4 — BpedHocmu ge3usHuXx eHepauja 080amoOMCKUX MOJIeKyna cacmaesbeHux 00
pasnu4yumux amoma be3 yepaheHux enekmpuyHUX OUNOSTHUX MOMeHama

Mo- ra Values of different binding energies (eV) re (A) p
lec. 1A [Eow [Eor |Eoon |EesD) [IPEV) [rm(A) 10%
B+H 1.16 | -1.854 | -1.306 | -0.241 3.39 11.06 1.010 1.290 11.64/
4.43
Li+H 1.68 | -0.548 | -0.835 | -1.047 | 2.429 8.81/ 1.238 1.688 18.39
7.78 19.6
O+H 0.67 | -3.529 | -0.702 | -0.123 | 4.40 12.91 0.942 1.510
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The dissociation energy and the internuclear distance for the HV
molecule are obtained from the equality of the theoretical value of the
dissociation energy obtained experimentally with an error not exceeding
10%, which is quite an acceptable value. Therefore, the obtained value of
the dipole electric moment by theoretical calculation presents quite a
realistic value. The probability of the presence of both valence electrons
near the atom of boron and hydrogen is 0.483 and 0.104, respectively.

For the LiH molecule, the situation is rather complicated since the
radius of the lithium atom needs to be clarified. If the radius of the lithium
atom calculated using the modified Slater wave functions and given in
the handbook (Radzig & Smirnov, 1985) is used, then the minimum
potential energy of the interaction between lithium and hydrogen atoms is

realized at a distance between atoms of r, =2.5 A while the interaction

energy amounts only to D, =1.422 eV. To obtain, by calculations, an

experimental value equal to 2.429 eV, it is necessary to assume that
r,=1.688 A and the radius of lithium atom r, =1.68 A but not

r, =2.049 A (Radzig & Smirnov, 1985), (Slater, 1937). The probability of

the presence of both valence electrons near the atoms of lithium and
hydrogen is 0.640 and 0.040. Therefore, both for the HV molecule and
for the LiH molecule, the boron and lithium atoms with respect to the
hydrogen atom are more negative, which determines such a large value
of the dipole electric moment of these molecules. For other molecules the
situation is similar.

Thus, the interaction of atoms in a diatomic molecule is a rather
complicated process, in which the exchange interaction of electrons of
the single ionization of the interacting atoms should be taken into
account, as well as the presence of built-in electric moments of the atoms
that are directed inside the molecule relative to each other as well as the
probability of stay of valence electrons relative to the interacting atoms. It
should be specially noted that the positively charged nuclei of the
interacting atoms impede the exchange of valence electrons and, in turn,
repel each other according to Coulomb’s law.

Conclusions

As a result of the studies of different types of chemical bonds
between atoms, it was found:

1. The following types of interactions have been clarified: exchange,
ionic, induced, electron-dipole, dipole-dipole and nuclear repulsion
energies, and the probability of their occurrence has been determined.
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2. The covalent bond is not decisive and is due only to the exchange
of valence electrons of neutral atoms.

3. It is shown that the probability of valence electrons staying in the
overlapping region of wave functions can be determined not only by the
residence time of valence electrons near interacting atoms but also by
the ratio of the area of the overlapping wave functions to the entire area
of the sphere on which the electron travels.

4. A theory of the interaction of atomic nuclei in a diatomic molecule
of identical atoms has been developed.

5. The interaction potentials for a number of diatomic molecules
have been calculated in comparison with the Lennard-Jones and Morse
potentials and the failure of empirical interaction potentials has been
shown.

6. At the double energy radius of the molecules, a potential jump
occurs with a transition from the negative to the positive region of binding
energies and determines the activation energy of the formation of
diatomic molecules.

7. The obtained atomic radii and the internuclear distances of
diatomic molecules are effective values at which the experimental values
of the binding energies are realized.

The development of various theories of chemical bonds, taking into
account their probabilities of occurrence, is at the initial stage of their
formation.

It seems possible, based on the obtained interaction potentials of
atoms in diatomic molecules, to determine the activation energy,
ionization energy, standard atomization enthalpy, and electron affinity for
diatomic molecules. A lot of scientific work is ahead in this direction.
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Peswome:

BeedeHue/uenb: MposedeH aHanu3 pasHbix muroe e3aumodelicmeuli
8 08yXamoMHbIX MOJIEKYIax U3 C/I0XHbIX amomMos.

MemoObi: [ns yd4ema cun ommarlkueaHus U [PUMSDKeHUs 8
MorsieKyrne ucronb3yromcsi  aMmnupudeckue ¢hopmynbl  fleHHapOa-
IDkoHca, bakuHeema, bakuHzema-KopHepa, Mop3se, [aHema,
l'ynebepma-lupwdabensdepa, KnelHa u ux kombuHayuu 6e3 yemkoeo
gusuyeckoeo 060CHOBaHUS. Yrydwumb cumyayuro buHapHO20
e83aumoldelicmeusi 8Hympu KOHOEHCUPOBaHHbIX cped [pequxuH u
compyOHUKU  MPEOIoXUIU  MPUMEHUMb  K8AHMOBYID  Meopuro
latmnepa-/loHOoOHa, HO MOJILKO Ha paccmosiHUsIX  borbwe
pasHosecHoe20. [Ipu paccmosiHUSIX MeHee pasHOBECHO20 MexX0y
amomamu 8 buHapHOM e83aumodeticmauu MO-rpexHemy
ucrnionb3oeanack opmyna fleHHapda — [DkoHca. [pumeHss pasHo20
poda noO20HOYHbIE KOIPUUUEHMBI, 8 KaXKOOM KOHKPEMHOM Ccily4Yae
rnosflyqdanu cosrnadeHue C 3KCriepuMeHmasbHbIMU  OaHHbIMU 10
9Hepauu Ouccoyuayuu. bonee obuwee npedcmasneHue o0 8cex
B803MOXHbIX murax e83aumodelicmnauli MoIHOCMbIO OMCYymMCcmeos8ario.
B amoli cesi3u 803HUKIa HEO6X00UMOCMb 8bISI8UMb 8CE B03MOXHbIE
munbl  83aumodelicmeuli 8Hympu 08yXamoOMHbIX MoOJieKynax u
meopemuyecKku  roflydums  9Hepauto  duccoyuayuu,  SHepeuro
akmueauyuu, cmaHOapmHyr 3HmManbnuio amomusayuu. lNpumeHeHue
Memodo8 Ke8aHmMoBOU MexaHUKU r10380susio 8 meopuu [almnepa-
JloHOoHa y4ecmb He mMObKO KYyrOHOB8CKOe cdepxueaHue mnpu
obmeHHOM 83aumodelicmeuu, HO U KylOHOBCKOe ommarsikugaHue
sA0ep.

Pesynbmamebi: [IpoeedeH pacyem anekmpu4yeckux oOurnoned Yy
HeUmparibHbIX amoMo8 U y [OSIOXUMESIbHO 3apsXKeHHbIX UOHO8
ocmoea 08yxamoOMHbIX MOJMEeKys. 3mo 10380/UM0  fpoussecmu
pacyem 31EKMPOH-OUNOIbHO20 u Ournosb-0urnosibHO20
83aumodelicmeausi. Paspabomara meopusi ommarkugaHusi
M10710XKUMesIbHO 3apsiKeHHbIX A0ep CIIOXHbIX amomMo8 8 08yXamoMHbIX
Mornekyrnax. BeinonHeH pacdem romeHyuasnos gsaumodeticmaus Onsi
Morekyn yanepoda, as3oma, Kucrnopoda, amtoMUHUS, KPeMHUs U
Hampus. [lposedeHo cpasHeHue paspabomaHHOU hulaudecKkol
molenu ¢hopmuposaHus 08yXxarmoMHbIX MOJSIEKYST C IMAUPUHECKUMU
nomeHyuanamu JleHHapda-[xoHca u Mop3e. Ha wMexbs0epHOM
paccmosiHUU, pasHOM CyMMe 3Hepaemu4ecKux paduyco8 amomos 8
MOJIeKysie npoucxoOum CKa4yoK romeHyuana ¢ nepexodomM us3
ompuuamesibHOU 8 ronoXumersibHy obriacmb 3Hepaul Cc8s3u, Ymo
onpedenisiem 9Hepaurw akmueauuu obpasosaHusi 08yXamoOMHbIX
MOJIEKY/.

Bb16800bi: M3 rosy4eHHbIX nomeHyuanos ezaumodelicmausi amomos
d8yxamoMHbIX ~ MOJeKynax onpedeneHbl 3Hepaus — akmueauuu,
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SHepausi UOoHuU3ayuu, cmaHOapmHas 3HMmanbnus amomu3dauyuu U
Ccpodcmeo K 311EKMPOHY.

Knouesbie crosa: nomeHyuan e3aumodelicmsusi, KoeaseHmHasl
C8s13b, UOHHasi C853b, d5IeKmMpuYeckuli Ournosib, HasedeHHasi C8s3b,
08yxamomHasi MosieKyra.

MHTEPAKLUWJA UBMEBY ATOMA Y IBOATOMCKUM
MOINEKYNUMA MNP OABNJARY JOHA'Y NMO3UTUBHO
HABNJEHOM JE3I'PY

JleoHud W. TpeunxuH

Benopycka ap>xaBHa akagemMuja 3a KOMyHuKauuje,
MwuHck, Peny6nuka Benopycuja

OBJIACT: cnsnyka xemmja
BPCTA YJTAHKA: opyruHanHu Hay4Hu pag
JE3VK YJTAHKA: eHrnecku

Caxemak:

Yeod/yurb: Ananusupajy ce pasnudumu  obnuuyu  uHmepakuuja |y
380amoMCKUM MOMeKynuMa CrI0XKeHUX amoma.

Memode: Kopucme ce ewmnupujcke ¢opmyne JleHapd-LIoHca,
bakuHeema, bakuHeem-KopHepa, Mopsea, [aHnema, [unbepm-
Xupuwigbendepa, KnajHa, kao u muxoee kKombuHauyuje 6e3 jacHe pearsnHe
ornpagdaHocmu, npu aHanu3u 00bOjHUX U NpusavYHUX curna y MOJSIEKYIy.
3a nobosbware cumyauyuje buHapHe UHMepaKkuuje yHymap 32ycHyme
Mamepuje, peduxuH U He208U capaldHUyU cy npednoxunu npumeHy
keaHmMHe meopuje Xajmrepa u JTloHOoHa, anu camo 3a pasdarbuHe eehe
00 pasHomexHoe cmara. JleHapd-LloHcoea ¢hopmyna ©buna je
KopuwheHa u Ha pasdarbUHama MarbuM 00 PasHOMEXHOE CMmara
usmeRy amoma y OuHapHUM UHMepakyujama. Y ceaKkoM Criydajy
focmuenu CMO [OKflanamke ca eKcriepumMeHmanHum nodayuma o
ducoyujayuju eHepauje kopucmehu pasnudyume epcme odzosapajyhux
KoeghuyujeHama. YonwmeHuja udeja o ceum Mmo2yhum murosuma
UHmMepakuyuja nomryHo je uszocmasia. C mum y eesu, busio je nompebHo
omkpumu cee Mmozyhe murioge UHmMepakyuja yHymap 080armoMCKUX
Morniekyna u meopemcku O0obumu eHepaujy Oucouujayuje, eHepaujy
akmueauyuje u cmaHdapdHy eHmannujy amomusayuje. lNpumeHa memoda
KeaHmHe mMexaHuke y Xajmnep-/loHdoHo8oj meopuju omoeyhura je Oa ce
y3ame y 063up He camo KyrnoHoeo o0dbujare mMOKOM UHMepakyuje
pa3meHe eeh u KyroHoeo 0dbujar-e HyKreyca.

Pesynmamu: W3padyyHamu cy enekmpudHu Ouronu 3a HeympasHe
amome U 3a MMO3UMUBHO HaeneKkmpucaHe joHe je3zapa 080armOMCKUX
MoreKyna, wmo je omoeyhuno u3padyHasar-e efIeKmpoH-0urosn
UHmMepakuyuja, kao u duron-durnon uHmMepakyuja. PassujeHa je meopuja
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o0bujarba MO3UMUBHO HaesieKmpucaHUX HyKreyca CIIOXeHUX amoma y
080amoMCKUM MorieKynuma. ViapadyHamu cy nomeHyujanu 3a MorieKyrie
yarbeHuKa, anyMuHujyma, cunuyujyma u Hampujyma. PassujeHu gpusudku
molen cpopmupar-a 080amoOMCKUX MorsieKyna yrnopeheH je ca
emnupujckum nomexuujanuma fleHapd-LloHca u Mop3sea. Ha pa3darbuHu
usmeRy Hykneyca, jeOHakoj 306upy eHepauja rfpedyHuka amoma, y
mosiekyy dona3u 00 CKOKa romeHuyujana c rpesiasom o0 HezamugHe 00
rnosumueHe obriacmu eHepauje ee3usarba, WMo OemepMuUHULIE
aKkmueauuoHy eHepaujy ¢ghopmuparba 080amoMCKUX MOJSIEKYIa.

Sakrbyyak: W3 0obujeHux nomeHuujana uHmMepakyuja amoma 'y
OsoamomckuMm Mornekynuma odpefieHu cy eHepauja akmusauuje,
€eHepeuja joHuU3auyuje, cmaHOapOHa eHmarsinuja amomusauuje, Kao u
achuHUmMem ripema esIeKmpPoHy.

KrbyuHe pedu: nomeHyujan uHmMepakuyuje, KoeareHmHa eesa, joHCKa
8e3a, efleKmpuy4Hu Ouros, uHOyKkosaHa ee3a, 080amMOMCKU MOJIEKY/.
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Abstract:

Introduction/purpose: The paper is one of the outcomes of the project in
the area of ammunition supply and standard day of supply (SDOS)
design for ACR needs. It discusses the current approach of
determining the amount and composition of ammunition stocks.
Possible solutions to increase efficiency are considered. The aim is to
achieve greater objectivity of the planning process where operations
management and crisis management are included.

Methods: Basic scientific methods were usedtogether with specific
methods such asthe target-oriented method (TOM) and the effort level
method (LoE).

Results: The result of the scientific research is to determine the
effective ammunition stock of the battalion level in order to achieve
higher objectivity of the planning process of conducting operations and
coping with crisis situations. The authors deal with a description of the
current system of ammunition supply creation in the Czech Armed
Forces and NATO, strengths and weaknesses included. A new
consolidated system is proposed to improve a stock pile planning
process for effective provision and sustainment to achieve operational
success and risk mitigation. Objectives from NATO and EU task forces
and current operations have been taken into account. The research
used the target-oriented method (TOM) and the effort level method
(LoE).

Conclusion: The result of the scientific research is to achieve higher
objectivity of the planning process of conducting operations and coping
with crisis situations.

Key words: supplies, standard day of supply (SDOS), combat day
of supply (CDOS), risk, war conflict.
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Introduction

Successful completion of operation activities and the fulfillment
of operational tasks is the main objective of military commanders at all
levels of command. A sufficient supply of ammunition is one of the key
factors in achieving operational success. Its misinterpretation, whether
small or disproportionately high, has negative impacts, not only on
planning and implementation of military operations, but also on the area
of resource planning, real support and the maintenance of ammunition
within its life cycle. Furthermore, properly defining the amount and
composition of inventory is crucial and will enable either adequately
addressing the threat of a war conflict or leading to effectively concluded
combat activities (Zlatnik, 2018).

Current state of the discussed issue

Correctly determined levels and the composition of inventory are the
cornerstones of military planning and conduct of military operations. If the
correct principles are not applied, the amount with negative impacts will
be incorrectly determined, both in the case of overvalued and
undervalued amounts. In the case of a disproportionate level of
inventory, it becomes ineffective to make inessential inventory with
additional costs spent on: warehousing, shipping, safety measurements
and disposal. Understocking of inventory may result in an inability to
effectively cope with the threat of warfare, in extreme cases leading up to
a conflict which could potentially have fatal consequences and significant
impacts on all spheres of society. It is desirable that inventory levels
should be based on mathematical calculations or modeling rather than on
an intuitive estimation made in the planning process by experts. The
amount and composition of inventories of all kind must be based on good
practice and be supported by credible calculations. In order to determine
the level of inventory, various methods and principles are applied within
armed forces.

The situation is similar in other partner armies and it is necessary
to revise ammunition stockpiles (Andrews & Hurley, 2004), (Malbasi¢ &
Buri¢, 2019).

To obtain basic knowledge and be able to familiarize with the
concept of inventory-based issues, it is essential to explain how the
concept was developed. The creation of ammunition stocks has evolved
over time in terms of its definition, nomenclature and internal division.
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Until the year of 2010

In 1997, a military directive Fire averages and distribution of
movable ammunition stockpiles was issued (VSevojsk 5-3, 1997) which
followed the regulations of the same designation and title issued in 1980,
1985, and 1992. The amendments consisted mainly of minor text
modifications and new additions of different types of ammunition. The
regulation (VSevojsk 5-3, 1997) was issued in order to determine firing
averages and distribution of movable supplies for units, formations and
volumes of the Army of the Czech Republic. Until 1997, the firing
average was defined as a calculation unit for ammunition supply.
Subsequently, the modified text from 1997defined it as a calculation unit
to plan the security of combat operations, determining the daily
consumption and size of supplies, as well as the amount of ammunition
for one weapon.

The amount and composition of the ammunition stockpile was based
on the definition of the regulation in 1980 according to the experience of
World War |l battlefields, taking into account the use of nuclear weapons
and other weapons of mass destruction. Moreover, in 1985, this provision
was taken out from the regulation, but the actual amount remained the
same. The examples are the amount set for tank ammunition and
ammunition for rapid-fire cannon infantry fighting vehicles, i.e. the T72M1
tank’s daily firing average was 44 and that of the BVP2 was 486 pieces
of ammunition.

Years 2010 - 2015

In 2010, the military directive (VSevojsk 5-3, 1997) was superseded
by a normative decree (Ministry of Defense of the Czech Repubilic,
2010). It already reflects the NATO standards. Nonetheless, it still
continues to use the term fire average.

The Standard Day of Supply (SDOS) is listed as a calculation
standard for the amount of military stock deployed in the Armed Forces
of the Czech Republic, based on the average daily consumption of
military equipment, where the number of targets and operational
parameters of the action is unknown, and expresses the daily
requirement for military equipment according to national standards.

The Day-of-Supply (DOS) is a calculation standard for the amount of
stock of military equipment to ensure direct combat activity, established
by the North Atlantic Treaty Organization (NATO), expressing the exact
daily need for military equipment to cover actual consumption, losses and
damage as a function of an already-known overview of enemy targets,
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expected losses and operational parameters of the task (foreign
operations).

The firing averages in this decree are determined by the number
of ammunition pieces for each weapon. The sum of all firing diameters of
all weapons is the firing diameter of the unit. In comparison with the
previous amendment of the regulation (VSevojsk 5-3, 1997), the amount
of fire averages for tank ammunition and ammunition for rapid-fire
cannon combat vehicles virtually consist of the same amount. Only in
BVP2 the level was increased by 14 pieces of ammunition, from 486 to
500 pieces, as in the regulation of 1985. The firing averages were based
on World War Il with the addition of new types of ammunition during the
Cold War. One of the more significant findings is the link between the
average fire and the SDOS (DOS) which was solved through the
coefficients of operational and mobile stocks, which was based
on economic possibilities, not on operational factors.

From 2015 until now

Generally, the issue of inventories is regulated by RMO No. 48/2013
(Ministry of Defense of the Czech Republic, 2013), as amended by RMO
No. 54/2017 (Ministry of Defense of the Czech Republic, 2017), MO
normative decree No. 16/2017 (Normativni vynos MO ¢.16/2017).
According to the aforementioned RMO, inventories are selected and
stored types of movable assets that are prepared to meet the necessary
property needs in performing the functions of the department. The
creation of ammunition reserves is regulated by the normative decree of
the Ministry of Defense 015 (Normativni vynos MO ¢.39/2015), which
was issued in 2015. The regulation fully reflects the NATO's standardized
approach meanwhile taking into account the national conditions as well
(Normativni vynos MO ¢.16/2017). The Standard Day of Supply (SDOS)
is characterized by the amendment of the Ministry of Defense No.
10/2010 (Normativni vynos MO ¢.10/2010) as a calculation standard of
the amount of ammunition reserves introduced in the Armed Forces of
the Czech Republic. When the number of targets and operational
parameters of the action is unknown, it is based on the average daily
ammunition consumption. It expresses the average daily ammunition
requirement according to the national standards.

A newly introduced concept of the Combat Day of Supply (CDOS),
which is the total amount of ammunition supplies for one day of combat,
introduces intensity factors, the so-called modification coefficients, to the
standard daily supply volume. The CDOS expresses the daily need for
ammunition to cover actual consumption, losses and damage, depending
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on the accurate data concerning enemy's targets, expected losses and
operational parameters of the combat task.

Types of supplies are divided into ammunition reserves of common
needs, training and technical reserves of ammunition, ammunition
reserves for securing combat operations and ammunition reserves for
securing foreign operations and task forces.

Unlike the previous modification in (Normativni vynos MO
€.10/2010), the firing averages are no longer given. They were replaced
by the Table Standard Daily Supply Volume (SDOST), which is modified
by the reserve coefficient Kr for the calculation of the SDOS. The reserve
coefficient Kr is determined by the class V manager based on the total
stock of ammunition and the available resources designated for
ammunition.

Principles applied within NATO and the EU

Within NATO, the AJP-01 doctrine (NATO HQ, 2017) has been
published, which is essential for planning, implementation and support for
Allied operations (NATO HQ, 2017), which is not only used by NATO, but
also by the EU and UN operations.

NATO's main logistics doctrine AJP-4 (NATO HQ, 2018) delegates
to the sending states the responsibility of equipping troops with the
necessary equipment, training and ensuring their sustainability
throughout their deployment, either individually or jointly using
multinational logistics or NATO agencies such as NSPA primarily. Its
own inventory security in the case of initial conflict management within
multinational operations is implemented through the NATO Support and
Procurement Agency (NSPA) under the Operational and Logistics
Support Program (OLSP), but largely the responsibilities of the sending
nations remain with regard to the diversity of armaments and equipment.

The arrangement of logistical requirements is based on the
conditions for conducting a specific operation based on operational
planning. Logistics planning standards in the area of consumption are
only focusing on the amount of supplies in kilograms relative to the
soldier and the vehicle number. As such, they cannot be used for
detailed inventory planning. The standards are used solely to determine
logistics capabilities and unit structures at the operational level.

The amount and composition of stocks to deal with crisis situations
remaina national responsibility.
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Methods used to determine ammunition consumption

To carry out predictions of ammunition consumption within the
conduct of combat activities, two basic methods are used, which, based
on the simulations and expert predictions, allow the determination of the
SDOS ammunition levels.

Target Oriented Methodology

Target Oriented Methodology (TOM) allows the determination of the
amount of ammunition needed to destroy an enemy target. It is a
probabilistic method assuming the destruction of each given target by an
individual ammunition piece. The method is used in the ACROSS
system, which is a specially developed NATO software tool, especially
for artillery, anti-tank weapons, mortars and tank ammunition. The
method is not used for infantry weapons, grenades and short-range anti-
tank missiles (RPGs). The goal-oriented method takes into account
factors such as enemy targets, own forces and operational parameters. It
does not consider the time parameter; the results are given in the
number of individual types of ammunition. The ACROSS primarily uses
mathematical methods that calculate either the total cost of ammunition
or the value of destroyed targets. In the case of total costs, the cost of
ammunition required to destroy all targets is calculated. If the indicator is
the value of the destroyed targets against the costs incurred, then the
relationship between the targets and the value of the ammunition is taken
into account so as to achieve the maximum losses of the enemy at the
minimum cost. The ACROSS uses an extensive database containing
parameters of its own resources and prices of individual types of
ammunition, which must be kept up-to-date and accurate. This places
considerable demands on the user. The weak point is the use of indirect
fire, which targets a space, not clearly defined targets, and whose
effectiveness is difficult to define and varies considerably according to
the level of protection of the target (Andrews & Hurley, 2004).

Level of Effort Method

The Level of Effort (LoE) method is based on historical ammunition
consumption data, or modeling of operations to determine the amount of
each type of ammunition. It is not based on specific concepts for
conducting specific operations and is more suitable for generating
general data. It is not suitable for predicting consumption in specific
operations, which differ in many parameters, which can significantly
influence the final consumption. The method was mainly used during the
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Second World War and the War in Korea, which were characterized by a
massive deployment of troops with a significant amount of ammunition
consumed. The way of conducting offensive and defensive operations
was constant and well predictable. It is no longer relevant. The reason is
the lack of data and changes in the way of classical conducting combat
operations, without making adjustments to the amount of needs above
and the composition of inventory through the modeling of combat
activities. The actual modeling of combat activities, however, depends on
the ability and experience of individual actors. It does not have to take
into account all indirect factors of conducting combat operations, which
can significantly affect the resulting calculations. These are primarily the
use of indirect fire, continuous training units in shooting, losses in the
supply of ammunition due to the enemy's combat activities, fires, weather
and transport services. These may also be storage conditions, including
strategic parameters such as production and supply capability.

These factors are already included in historical data, but their
relevance to time and an operational area is decreasing (Andrews &
Hurley, 2004).

Practical application of methods

Individual methods can be practically used in their suitable
combinations. This was done as part of a project implemented by the
General Staff of the Army of the Czech Republic (ACR). The project was
prepared and directed by the Multinational Center for Coordination of
Logistics with the support of a wide range of experts from various units of
the General Staff of the Army of the Czech Republic in logistics,
reconnaissance, planning operations, conducting combat operations,
special forces, including the involvement of selected commanders, to
brigade and regiment.

Scenario creation

The calculations were preceded by a preparatory phase, in which
the following was defined: geopolitical situation, the parameters of
combat operations, the structure of own forces and the adversary, the
period, including the development of a scenario of conducting combat
operations within 30 days. This scenario was identified by the Army of
the Czech Republic General Staff as probable in the event of a large-
scale conflict under Article 5 of the Washington Treaty (NATO HQ, 1949).

In terms of geopolitical situation, the complex security situation
resulting from the long-term economic crisis caused by global changes
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and the collapse of the world economy leading to the instability of the
north-eastern region of the European Union states, including national
animosity, was incorporated into the scenario.

In terms of operational factors, the flat terrain, agriculturally
managed landscapes with partial afforestation and numerous water
bodies were defined. The operation was situated in the spring with
average rainfall.

The structure of own forces was defined at the level of the Brigade
Task Force (Ministry of Defense of the Czech Republic, 2019). The
structure of the enemy was determined on the basis of a balance of
available forces and corresponding to the established structure of units of
the strength of the Panzer Division supported by 2 Infantry Divisions and
Tactical Air Force (General Staff of Army of the Czech Republic, 2019),

At the same time, the ability of the host nation to provide Host Nation
Support under AJP 4-5 has been defined (NATO HQ, 2013).

The scenario is to be understood as a fiction, not a prediction of the
future development of the security environment in Europe and its
resulting in any military operations.

After the determination of the above decisive factors in the scenario,
the probable development of the operational situation over a period of 30
days was started. The time space was based on the NATO strategy
currently in place to ensure the sustainability of troops in operations
(NATO HQ, 2010), taking into account the maximum predicted duration
of deployment of troops in a high-intensity military operation involving all
types of combat operations.

Execution of the war game

Two workshops were held to identify new approaches for
ammunition consumption. Based on their experience, selected experts
defined a possible course of conducting combat operations broken down
by type of operation to lead 8 days of defensive operations, 13 days of
delayed combat and 9 days of offensive operations at different
intensities. An overview and analysis of the conduct of combat operations
maneuver units is shown in Table 1.
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Table 1 — Course of conducting combat operations
Tabnuua 1 — Xo0 sedeHusi boesabix deticmsuli
Tabena 1 —Tok sohera 6opbeHux onepayuja

Combat units

Day | Mission profile Intensity Activity

1 Defense Low Movement

2 Defense Low Emplacement

3 Defense Low Defense Built up

4 Defense Low Defense Built up

5 Defense Medium Defense

6 Defense High Position Defense

7 Defense Very high Position Defense

8 Defense Very high Maneuver Defense
9 Defense High Delaying Operation
10 Defense High Counter Attack

11 Defense Medium Delaying Operation
12 Retreat Medium Withdrawal from action
13 Retreat Medium Movement

14 Retreat Low Movement

15 Retreat Low Movement

16 Retreat Low Movement
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Combat units

Day | Mission profile Intensity Activity

17 Retreat Low Movement

18 Retreat Low Movement

19 Retreat Low Movement

20 Retreat Medium Counter Attack to Assault
21 Attack Low Movement

22 Attack Low Emplacement
23 Attack Low Deployment
24 Attack Medium Deployment
25 Attack High Deployment
26 Attack Very high Counter Attack
27 Attack High Attack

28 Attack Medium Attack

29 Retreat Medium Relief of troops
30 Retrograde Low Restoration

Creation of the conducting combat operation in relation to
its intensity

Depending on the conduct of the operation while taking into account
its individual phases, different intensities of conducting combat activities

by individual types of troops were created and recorded into the charts.
The troop activities were consolidated on the basis of the prediction of
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the operation of maneuvering units. Individual phases of conducting
combat activities divided by individual types of troops are shown in
Figures 1-4.
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Figure 1 — Course of the intensity of combat operations by ground combat units
Puc. 1 — Xod unmeHcusHocmu 6oeesbix delicmeuli CyxornymHbIX 80UCK
Cnuka 1 — Tok uHmeH3umema 6opbeHux onepauuja KoriHeHUx 6opbeHux jeduHuya
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Figure 2 — Course of the intensity of conducting combat operations by air forces
Puc. 2 — Xo0 unmeHcusHocmu 6oesbix deticmeuti BBC
Cnuka 2 — Tok uHmeH3umema sohera 6opbeHux onepauyuja 8a30yXoniosHUX CHaza

260




ntensity %

[}

1 2 H . 5 8 ¥ g % ® M B W M B ¥ ¥ W B ® M B B N 32 %X F @B B =

Figure 3 — Course of the intensity of combat operations of air defense

Puc. 3 — Xo0 unmeHcusHocmu 6oesbix deticmeuti [1BO
Cnuka 3 — Tok uHmeH3umema 6opbeHux onepayuja NBO
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Figure 4 — Course of intensity of combat operations of artillery
Puc. 4 — Xod uHmeHcusHocmu 6oeabix delicmeuli apmusnnepuu
Cnuka 4 — Tok uHmeH3umema bopbeHux onepauuja apmurbepuje
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Consumption prediction, SDOS calculation

Based on the intensity of conducting combat activities and the
composition of the enemy forces, i.e. targets, expert estimates of
ammunition consumption were made based on individual days, weapons
and weapon systems.

The actual predictions were identified as non-public confidential
information within the project; therefore, they are not included in the
article. As an example, a calculation using data that has been modified
with respect to the above is shown in Figure 5.

FTOge Of Lomeat

s

Figure 5 — Calculation of the SDOS of selected weapons of ground forces combat units
Puc. 5 — Pacuem cmaHOapmHoU cymoYHOU HOpMbI CHabXeHUs1 8bibpaHHbIxboernpunacos
CyXonymHbix 80UCK
Cnuka 5 — UspadyHasar-e cHab0esaykoz OaHa (cmaHOapOHoz OaHa) 3a usabpaHo
Haopyxarbe 60pbeHux jeduHuya KOMHeHUX cHaza

A mathematical formula was then used to calculate one SDOS of each
type of ammunition

SDOS = (SDOS1 + SDOS2 +... + SDOS30) / 30

where each variable means:

SDOS - Standard daily delivery volume

SDOSI1... .30 - average daily ammunition consumption for each day of
operation.

Based on the calculations, one SDOS was obtained for each type of
ammunition, the details of which are shown in Figure 5. For example, for
one 5.56 mm caliber assault rifle, one SDOS is 64 pieces of ammunition,
for a 7.62 mm light machine gun, it is 111 pieces of ammunition, for a
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wheeled combat vehicle Pandur armed with 30 mm quick-firing cannon
one SDOS is 60 missiles, and for a medium tank armed with a 125 mm
cannon one SDOS is 7 missiles.

The application of these methods reduced the amount of SDOS
ammunition compared to the original approach by approximately 60%.
This has a major impact on resources, in particular in terms of the direct
cost of purchasing ammunition, but also on the indirect costs associated
with the storage and maintenance of the ammunition as part of its life
cycle, the means necessary to transport it and the cost of its eventual
disposal. At the same time, efficient inventory levels will reduce logistics
chain requirements for operations management, i.e. strategic
transportation between Level 4 and Level 3 logistics, including storage
and transportation within the operations area. This will reduce the
logistical presence in the operation and at the same time increase the
maneuverability of the entire task force, i.e. increase operational
capabilities.

Conclusions

The research revealed that the current principle of ammunition
stockpiling is based on historical data without qualified adjustment based
on the use of contemporary methods. Economic resource options are
considered as modifying parameters for determining the amount of
SDOS stocks, which are a limiting factor in terms of meeting complex
operational needs to achieve operational success, but they cannot
primarily influence the amount of the basic calculation unit.

The application of new methods revealed that the revision of SDOS
ammunition is real and leads to more efficient system of ammunition
stockpiling. By an appropriate combination of effort and target-oriented
methods, it is possible to make more accurate estimates of consumption
within each combat day, thereby defining a calculation unit that reflects
the prediction of combat operations and which will be the basic
calculation unit for determining its own mobile, operational and strategic
stocks.

Before the actual implementation of the data obtained by this
method into practice, it seems appropriate to use simulation technology
and verify individual professional predictions, or to deal with the
prediction of combat losses of equipment and its own ammunition
stockpiles.

Determining the effective level of stocks is one of the crucial
prerequisites for crisis management and for achieving operational
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success. The approach to ammunition stockpiling needs to be constantly
improvedto respond to the ever-changing security environments and
related threats.
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CHABXXEHWE BOEMPUMACAMU: HOBOE TPEOJIOXKEHME 1O
JOCTATOYHOCTU OBECINEYEHNA BEOEMNPUMNACAMU

Ha+uen 3naTHuk, Spomup Mapell, koppecnoHAeHT

YHuBepcuTeT 060poHbI B I.BpHO, ®akynbTeT BOEHHOro NMAepcTBa,
r. BpHo, Yexus

PYBPUKA TPHTW: 78.00.00 BOEHHOE LEJIO;
78.75.73 CTaTUCTUKA, Y4ET U OTYETHOCTb. TEXHMKO-
3KOHOMWYECKUI aHann3 B BOEHHOM aene

BWO CTATbW: opurmHanbHasa HayyYHas ctaTbsl

A3bIK CTATbW: aHrnuickumn

Pe3some:

BeedeHue/uens: JaHHass cmambsi si85155emcsi pe3yibmamom npoekma
8 obmacmu cHabxeHuss  boernpunacamu U HOPMUPOBaHUS
cmaHOapmHoli  cymoyHoU Hopmbi cHabxeHusi (SDOS) dns HyxdO
apmuu  Yewckoli  Pecnybnuku. B cmambe  obcyxdaemcs
Oeticmeyrowjuti nodxod Kk orpedeneHuUo Konudecmea U cocmaea
3anacoe 6oenpunacos. Obcyxdaomcsi B803MOXHbIE  PeLeHUS,
criocobcmeyrowue  rnosbieHuro  aghghekmusHocmu, ¢ Uesbio
docmuxeHusi  bonbwell obbekmusHoCcMU  NpU  MaHUpos8aHuu
fpoueccos ynpaesneHusi onepayusiMu U KpU3UCHbIMU cumyayusimu.

Memodbi: B uccnedogaHuu rpUMEHSIIUCL OCHOBHbIE Hay4Hble
mMemoObl, a makxe creyuarnbHble Memoldbl, makue Kak: uereeoul
memod (memod ebibopa MowHocmu b6oenpunaca Ha OCHO8aHUU
paseedbisameribHbIx 0aHHbIX (TOM)) u memod ypoeHs ycunul (LoE).

Pesynbmambi: Pesynbmamom JaHHO20 Hay4YHo20 uccriedosaHusi
sensemcs onpedeneHue aghghekmueHo20 3arnaca boenpunacoe Ha
yposHe bamarnboHa 0ns docmuxxeHusi bonbweld obbekmusHocmu 8
npouecce nnaHuposaHusi npu npoeedeHuUU onepayuli u yrnpasneHuu
KpU3UCHBIMU cumyayusiMu. Aemopbl OMUCkI8aIOM Cyu,ecmeayowyo
cucmemMy cHabxeHusi u 3anacosboenpunacos 8 800PYXEHHbIX cunax
Pecniybriuku Yexusi u HATO, ekno4as kak ee 0ocmouHcmea, mak u
Hedocmamku. [lpednacaemcsa Hosasi cucmema KoHconudauuu, C
uenblo yrydweHusi npouecca MaaHuposaHusi co3daHusi 3anacos c
uenbto obecrieyeHusT aghhekmueHo20 CHabXXeHusi U sioeucmuyeckoul
ycmou4ugocmu, 4Ymo npusedem K yCriewHoOMy OyHKUUOHUPOBAHUK U
CHWXeHU puckos. B xode uccrnedoeaHusi 6binu rpuHaImMsl 60
8HUMAaHUE Ueslu Makmu4yecKux yesieabix epyn u mekyujue ornepayuu
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HATO u EC. B daHHoU cmambe 6binu npumeHeHbl memodsi TOM u
LoE.

Bbigodbl: Pe3ynbmamom daHHO20 Hay4yHO20 uccriedoeaHus s18r1semcsi
docmuxkeHue bonbuieli 06beKMuUBHOCMU 8 MpPoyecce MiIaHUpPo8aHUsi
npu nposedeHuUU onepayull U yrnpasneHuU Kpu3uCHbIMU cumyayusimu.

Kntouesble cnoea: 6oernpunackl, cmaHOapmHas Cymo4yHasi HopMma
cHabxeHus (SDOS), eoeHHass cymoyHasi Hopma cHabxeHus (CDOS),
PUCK, 80€HHbIU KOHGBIUKM.

CHABEBAHE MYHMUMJOM: HOBW MPEQJIOI OBE3BEHEHA
SAJTINXA

Haruen 3naTtHuk, Japomup MapeLl, ayTop 3a npenucky

YHuBepanuteT ogdpaHe y BpHy, ®akynteT BojHOr pykoBohera,
BpHo, Yewika Peny6nuka

OBNACT: BojHe Hayke, cTaTUCTMKA
BPCTA YJ1IAHKA: opurMHanHu Hay4Hu pag
JESNK YJTAHKA: eHrnecku

Caxemak:

Yeod/yurb: Osaj pad npedcmaerba jedaH 00 pesynmama rnpojekma y
obnacmu cHabOeearba MYyHUUUjOM U Kpeupama cmaHOapOHo:
cHabOesaukoe OaHa (standard day of supply — SDOS) 3a nompebe sojcke
Penybnuke Yewrke. basu ce eaxehum npucmyriom odpehusarby
KOMUYuUHe U cacmaesa 3anuxa MyHuuyuje, a paamampa u Moeyha pewera
Koja 8o0e rnosehamwy egpukacHocmu. Ljurb je Oa ce nocmueHe eeha
objekmusHOCM Mpu MaHupary rnpoueca yrnpaesbarba ornepauyujama u
Kpusama.

Memode: KopuwheHe cy ocHoeHe Hay4He memode, Kao U riocebHe
memoOe, nornym memoode ycmepeHe Ha uusb (target-oriented method —
TOM) u memode Husoa Haropa (effort level method — LoE).

Pesynmamu: Pe3ynmam Hay4HO2 ucmpaxuearka jecme Oa ce odpede
epekmueHe 3anuxe MyHuyuje Ha Hugoy 6GamasbOHa Kako b6u ce
rnocmuena eeha objekmusHocm rpouyeca nnaHupaka rnpu eohemy
oriepauuja U yrpaerbarby KpU3HUM cumyauujama. Aymopu onucyjy
nocmojehu cucmem cmeaparba 3anuxa MyHuyuje y opyxxaHum cHazama
Penybnuke Yewke u HATO-y, ykrbyyyjyhu u Heeose npedHocmu u
Hedocmamke. [pednaxe ce Ho8 cucmeM KoHcornudauuje kako bu ce
rnobosbwao npouec rnaHupara cmeaparsa 3anuxa padu egbukacHoe
cHabOegarba U Jlo2UCMUYKE OOPXUBOCMU Koju 800e oriepamueHOM
ycriexy u ybnaxaeary pusuka. ¥3emu cy y 063up yurbesu ornepamusHux
maxkmudkux epyrna u mpeHymHux onepauyuja HATO u EY. Y
ucmpaxusarsy cy rnpumereHu memodu TOM u LoE.
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Bakrbydak: Pesynmam 0802 Hay4HO2 ucmpaxuearba jecme rnocmusarbe
eehe objekmusHocmu npoueca nnaHupara e8ofjera onepayuja u
Oeriogarba y KpUSHUM cumyauujama.
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Abstract:

Introduction/purpose: Based on the binomial distribution of the probability
density function, a new probabilistic model for aircraft position predicting is
presented in this paper.

Methods: The proposed algorithm is composed of three different blocks:
Data Association, Tracking/Hybrid State Estimation and Calculation of
Probability of Conflict. The information about aircraft current positions and
flight plans is used to derive an algorithm for detecting possible confiicts
between aircraft. The situations where aircraft may come closer than a
certain distance to one another are predicted with high probability. The
position estimate and indeterminacy refer to target association when two
tracks fall in a validation region by using the Probabilistic Data Association
Filter.

Results: An efficient collision detection algorithm is designed and tested
for a lot of multiple target tracking.

Conclusion: The simulation results of aircraft conflict prevention in two
trajectory scenarios verify the efficiency of the proposed algorithm.

Key words: automatic control, probability, target ftracking, data
association.
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Introduction

Air collision is an aviation accident category defined as a collision
between aircraft in flight. The main aim of the air colision software tool
under development is to analyse radar data in order to identify all
proximate events (conflicts, potential conflicts, and potential collisions)
within a volume of airspace and time span, to classify them according to
various criteria into classes, to estimate the frequency of occurrence, and
to calculate the different parameters needed to estimate the probability of
aircraft being on a collision course and the probability of Air Traffic
Control (ATC) loop resolution failure. The identification and analysis of
potential conflicts is based on aircraft track association. Measurements in
track association identify when an aircraft is turning, changing its vertical
position or modifying its speed, so as to replace the full detailed track of
each aircraft with a number of potential positions, from one scan to
another.

Continued growth of air travel and recent advances in new
technologies for navigation, surveillance, and communication has led to
provide reliable and efficient tools to aid Air Traffic Control (ATC). The
ATC system is responsible for safe air traffic operations of both
commercial and military types. Standard multiple target tracking of wide
band maneuvering aircraft is based on Track While Scan (TWS) radar
data and Kalman filter processing (Blackman, 1986), (Challa et al, 2011).

To prevent aeroplane conflicts, many of Air Traffic Control (ATC)
systems resort to a two part process. In the first part, conflict detection is
performed by the following: the estimate positions of all aircraft which fall
into a validation region in the future, based on their current positions and
flight plan, are predicted, and they are compared so as to detect
situations of conflict. Once a conflict has been detected, the trajectories
of the aeroplanes involved in the conflict are re-planned in the conflict
resolution part. Conflict detection and resolution is actually given
consideration at three different levels of the ATC process, which differ in
the Euclidian distance over which conflict detection and resolution is
performed. They are Long Range (LR), Mid Range (MR), and Short
Range (SR).

Many methods are used to ensure safe distance. Bayesian inference
and Hierarchical structures are often used to develop statistical
estimation and prediction models (Valdés et al, 2018). Some authors
suggest a Brownian motion, in which the probability of conflict becomes
the probability that a Brownian motion escapes from a time-varying safe
region (Hu et al, 1999). An extensive study is performed with a model
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introduced to predict the aircraft positions along some look-ahead time
horizon, during which each aircraft is trying to follow a prescribed flight
plan despite the presence of additive wind perturbations to its velocity.
Based on the Markov chain aproximation, a method is introduced to
evaluate the criticality of the encounter situation by estimating the
probability of conflict, namely, the probability that the two aircraft come
closer than a minimum allowed distance at some time instant during the
look-ahead time horizon (Hu et al, 2005).

An algorithm, based on the Probabilistic Data Association Filter
(PDAF) algorithm for LR and MR conflict detection is then proposed and
its performances are compared by Monte Carlo simulations. The
proposed algorithm is composed of three different blocks: Data
Association, Tracking/Hybrid State Estimation and Calculation of
Probability of Conflict. The improved results of conflict detection
probability computation, using the PDAF method, are presented. The
proposed algorithm computes the maximum likelihood for all
measurements within the validation region, apropos the minimum statistic
distance calculated from measurements (target-originated, clatter, false
target-originated, etc.) within the gate and target estimate from the
previous data sequence.

The paper is organized as follows: after the introductory remarks,
the problem of formulation is given in Section 2. Section 3 presents the
probabilistic data association filter which is the first step of the proposed
algorithm. The description of the proposed conflict detection algorithm is
presented in Section 4. Finally, the simulation results of two aircraft
motion scenarios are presented in Section 5, which precedes the
Conclusion Section.

Problem formulation

Let us assume that two aircraft are flying at the same altitude along
the paths the intersection angle of which is time constant during flight and
that the probability density of aircraft collision has the Gaussian
distribution. The conflict detection algorithm in flight closeness of two
aircraft, based on the PDA algorithm, is presented. The probability of
conflict is calculated by the use of estimated states and weighting error
covariance updates. Aircraft conflict prediction is determined for the
duration of one radar scan, before aircraft collision. In our simulation, the
safety time is 5s.

Regarding the validation gate, a safety region is formed beside the
aircraft. This condition should be valid for the maximum speed of the
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conflict aircraft and the direction of vector speed of the observed aircraft.
When the conflict aircraft enters the validation region of the observed
aircraft, there is a probability of conflict of two neighboring aircraft at the
sample time k. Contemplate the situation for two aircraft flying at the
same altitude.

The problem considered is that of tracking a single target in clutter,
when the retrieval of two measurements fall in the validation gate. The
linear dynamical target state model is given by the following:

x(K) = F - (k= 1)+ G -w(k — 1) (1)
y(k) =H - x(k)+v(k) 2)

where F,G,H are the known matrices, w(k) and v(k) are independent,
zero-mean, white Gaussian noise processes with the covariance Q(k)
and R(k), respectively. At the time k, a set of m(k) measurements

Y(k)= {yi (k)}i"l(lk) is detected, where each measurement either originates

from one of n known linear measurement models or is a false detection,
where v(k) is a white, zero-mean Gaussian sequence with the known

covariance R(k). The sequences v(k) are mutually independent and
uncorrelated with the process noise w(k) .

Probabilistic data association filter

The PDAF is a suboptimal Bayesian algorithm that associates
probabilistically all the validated measurements to the target of interest
(Blackman, 1986), (Challa et al, 2011).

The PDAF method associates each validated measurement
probabilistic to the estimated track (Reid, 1979).

The case with two measurements in each radar scan is presented
(Fig. 1). Prediction computation is necessary for each target-originated
measurement, but only one measurement is the target.

The PDAF method assumes that there is only one target of interest
whose track has already been initialized.

The basic assumption is the normally distributed filter state
according to the latest estimates and the covariance matrix, and the
overall state of estimates and covariance is given by the weighted
average of all the measurements falling within the validation gate of the
target.
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Validation region of
reference aircraft

I Walidation region of
conflict aircraft

N 2(’?/
»le=1) 7

1

. 1
The trajectory of "L‘L-" 4
reference aircraft

The trajectory of
conflict aircraft

Figure 1 — lllustration of the PDAF with two measurements within the validation gate
Puc. 1 - Unnocmpauyus punbmpa 05 udeHmucgpukayuu 0aHHbIX 110 8eposimHocmu
(PDAF) c dsyms uamepeHusiMu eHympu nodmeepx0eHHO20 OKHa
Cnuka 1 - Unycmpauuja ¢punmpa 3a npudpyxusar-e nodamaka rno eeposamHohu
(PDAF) ca dsa mepera yHymap nomspheHoez npo3sopa

Assume that we have measurements at the sample time k. We
denote this set of measurements and the set of all cumulative sets up to
the time k, by the following assemblies, respectively (Bar-Shalom & Tse,
1975):

Y () = Y, (KD, Y (K)o s Vg | 3)

Y(k)=1{Y k), Y (k=1),--,Y(0)} (4)

Whence, the estimation of the Probabilistic Data Association method
is based on the latest set of measurements. The assembly of all possible
events, at the sample time k, can be considered as two, mutually
exclusive and exhaustive events:

H,(k)— none of measuremenst originated from the target
and
H,(k)—i" —mesurement is the target originated
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) _[Hy(k). =0
H; (k) = {H, k), H,(k)} = H, k), i=12,..,m(k) ©)

with the probabilities:

po (k) =P {Ho(|Y(K)}, =0

6
p(K) = P {H ([ Y ()}, i=12,..,m(k) ©)

pi(k)=Pr {Hi(k)|Y(k)}={

Explicitly, p,(k)+ p,(k)=1. The estimate is calculated using the
total probability theorem:

m(k) m(k)

k)= Ex@IY ()} = D EX(K),H, (), YR () = Y x (g (7)

i=0

R(k

where X;(k) is the update state conditioned on the event H, (k) that

Yy, (k) is the corect mesurement. From the Kalman filter, we have (Bar-
Shalom & Fortmann, 1988):

X, (k) = K(Kk = 1) + K (lr; (k) (8)

r(k) =y (k)—h-x (kk 1) )
where is the Kalman gain K(k), and the residual of innovation r,(k) at
the time K. After combining prior equations, get the update state:

%(k[k) = %(k[k = 1)+ K (k)r (k) (10)

And the weighted sum of residuals:
mck)
r()= > pi (k) (11)

i=0

The error covariance matrix is updated as:
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P(klk) = p, (K)P(k—1)+(1— p, (K))P°(K|k)+ F~>(k\k -1) (12)

where P°(k|k) is given by:
Pc(k|k)=[| —KKHK)]P(k-1) (13)

and where P(k |k) is given by:

mck)

Pk = KLY py (0, (€)1 (k) =r(k)r(k)TK ' (k) (14)

The final step is combining the model-conditioned state estimate and
the covariance, according to the following equations:

m
x(kJk) = 3 a (k)% (k[K) (15)
i=0

where ¢;(k) is the association probability of the measurement vy, (k),
and xi(k|k) is the estimate associated with the i" measurement and

)?(k|k) is the overall estimate. The association probability in the
proposed algorithm is calculated by (Radosavljevi¢ & Musicki, 2011):

c(k)

mck) ’
c(k)+ iZlbi(k)

bj (k)
m(k) ’
c(k)+ Ybi(k)
=1

1=0.

a; (k) = (16)

i=1,2,...,m(k)

wnere. o) =0~ F(’E)PG) and b, (K) :PiN[ri;o,S(k)] |
D'G G

P, is the probability of detection, P, is the probability that a
measurement falls within the gate, V(k)is the validation region,
N(x; ;S) is the Gaussian noise process with means p and varinces S,
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r.(k) is the innovation, and S is the innovation covariance (Bar-Shalom
& Dale Blair, 2000).

Measurement validation and gating

A technique, which is sometimes called gating or measurement
within a validation region, is able to select which measurement should be
associated to the existing track. This track is our airplane. If we assume
that we already have one track and we receive new measurements, we
can assume that, in order to be able to associate measurements to the
track, they must be in the vicinity of the predicted track.

Thus, the validation procedure is able to use the residual from the

i measurement, the track ri(k), and the innovation covariance S. The

distance from the i™ measurement to the predicted position of the track
is calculated by (Hwang et al, 2003b):

d’(k) =" (K)S7'r (k) (17)

We assume that before tracking is started, the gate probability P
has been determined. We are able to obtain a quantity V,(k), using the

P, and jy’-tables. The probability density function of target
measurement is then given by the following expression

_d
V. (k) _e (18)
27 |S|

where V, (k) is a threshold such that d. <V, .

Aircraft conflict detection algorithm

Binomial distribution of aircraft conflict probability

The binomial probability distribution first considers Bernoulli. A
Bernoulli trial has only two outcomes - success or failure. To begin,
assume C and C are two mutually independent, exclusive and

exhaustive trials which happen at the either sample time, respectively, by
the following (Gad et al, 2004):
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P iCIY(K) (= z(k —conflict will occur
{,{()} (k) (19)

P.{C|Y()|=1-x(k) —conflict will not occur
If the total number of successes of both trials before the sample time

k is n®, then the probability that the trial z(k) is repeated 1 times is
given by the following equation

Pr{C = I(k)|Y(k)}= 7)) 1= 7 (K)] (20)

The appropriate distribution of probability is denominated binomial
distribution given by:

0 () _j (0

© (k)
Pc.CV 0l Y [nw J'ﬂk)'(” (=m0 s (21)
1) —o\

Therefore, the probability density function (pdf) of binomial
distribution is given by the following:

(K ) (k) _j (k)
pdf (I(k);n(k))z ”k ” R TS (22)
n(k)n® -1

is satisfying the total probability theorem, given in the formula. In general,
the mean and the variance of a binomial distribution with the parameters
n® and the probability of success z(k) are given by the following
equations (Karlsson, 2002):

s (k) =) 7 (k) (23)

o(k)? =n® . z(k)-[1- 7(Kk)] (24)
respectively.

Conflict detection approach

Suppose y,(k),y,(k) are the measurements originating from the
conflict and the observed aircraft arriving during the sample time,
respectively. The true distance between the observed aircraft and the
conflict one can be defined as absolute difference |y,(k)-y, (k)| . Based
on the true distance of the two aircraft, we can define the true probability

of conflict as the relative ratio of safety distance and true position
distance, which is given in the following (Bar-Shalom & Li, 1999):
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o (k)2 =n® . z(k)-[1- 7 (k)] (25)
Similarly, if %,(k|k—1),% (k|k 1) are the estimate positions of the

conflict and observed aircraft, we can define the estimate position
distance as the absolute difference |%,(k|k —1)—)21(k|k—1)|. On the other

hand, in the theory of aircraft conflict, it is necessary to satisfy the
condition of safe statistical distance: 0 < diz(k) < ¢. Then the estimate

probability of conflict p. (k) is defined by the relative ratio of the known
parameter ¢, -safety distance and estimate position distance:
s

Ro(Klk = 1) = % (k|k = )|

pe(kk-1) = (26)

where Y, (k),y,(k) are the measurements (from the set of all new
measurements in the time step k) fall in the validation region and
%,(klk =1),%,(kk —1) are the analogous estimate positions of
measurements, at the sample time k. So, let us define the bound of
safety as a dimension of the validation region after which the probability
of conflict will have a value of one. The quantity d; (k) is the sum of the
squares of two independent Gaussian random variables with zero means
and unit standard deviations. For that reason, d; (k) will have the y;
distribution for correct observation-to-track pairings with the M degrees of
freedom and allowable probability P =1— P, of a valid observation falling
outside the gate, where P, is the probability for correct detection. The

threshold constant V;; can be defined from the table of the x> distribution

with two degrees of freedom and allowable probability of a valid
observation falling outside the gate (Bar-Shalom & Fortmann, 1988).
From equations (16), (19), and the assumed m(k) measurements,

the overall probability density of conflict, for the overall case, if the
validation region is within the interval Osdf(k)3+oc, at the sample
time K, is given by the following equation:

pe (kk =1) = P {H; ()|Y(k =D} P {C,ClY(k=1)}, i=0,1,...,m(k) (27)

It is clearly seen that:
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0. i=0
pc(k|k—1)={ | (28)

I, i=12...,m(k)

Finally, after the evolution of the previous equation per all possible
hypotheses and assumed “success trials” when position estimates fall in
the safety region, we obtain the following (Hwang et al, 2003):

Pc (k|k -D=
0 0<d’(k)<e, =0,
1) nk) 10 2 . (29)
p,(k)- ()" -[1=7(K)] e, <d (K)<+oc, i=12,.,m(K)
1 0<d’k)<e, i=12,....mk)

where d’(k) is the distance for the i"" measurement to the predicted
position of the track, p,(k)is the probability given by (6) and:

7(k) =P {CIY(K)} = pg (kk —1) (30)

A numerical example: We assumed binomial probability distribution
of the third order, with n =3, given by the following (Hwang, 2003):

P.(C.C|Y(k)) =

3 3 1) nk )
2l r A= = (31)
k)

10=0

430 (1-n)+37(1-7)* +(1-7)’ =1

where:
z(k)=Pr{C[Y(k)}=0.5 (32)

The graphs of the probability density function at binomial
distribution, for the total number of observed time intervals

n® =12,..,10 and with the  probabilties of  events
7(k)=0.25,7(k)=0.5 z(k)=0.75 are given in Fig. 2a. The binomial
distribution of probability with the number of observed time sequences
and with a variety of probabilities of trials is given in Fig. 2b.
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Figure 2 —
a) Binomial distribution of probability, with the number of time intervals n® = 1,2,...,10,

b) 3D-binomial distribution of probability, with the number of observed time sequences
and probabilities of trials
Puc. 2 -
a) buHomuarnbHoe pacripedenieHue geposimHocmel ¢ KOslUu4ecmeoM 8PeMEHHbIX
uHmepsanos n*) =12.....10,

6) TpexmepHoe buHoMuasbHoe pacrpedesnieHue 8eposimHocmeli C Kouyecmeom
HabrmoO0aeMbix 8peMeHHbIX nocsiiedosamernbHocmel U eeposimHocmet cobbimuti
Cnuka 2 —

a) buHoMmHa pacrnodena eeposamHohe ca bpojem epeMeHcKux uHmepearna

k
n® =12,..,10,
6) TpodumeH3uoHariHa buHoMHa pacrodesnia eepogamHohe ca bpojem nocMampaHux
8peMeHCKUX HU308a u eeposamHohama dozaljaja
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Simulation results

The performances of the implemented tracking filters and the
corresponding neural network method are evaluated by Monte Carlo
(MC) simulations over several representative test trajectories. The
measure of performance is done using the Root Mean Square Error (Bar-
Shalom & Li, 1999):

Nve . . .
RMSEK)= JNI S EK)-£ 002+ 1017 (k) (33)

MC il
where fi(k),ﬁi(k) are the position estimates (Cartesian coordinates) at

the discrete time k, in MC run i and &'(k),7' (k) are the measurement

results. In the beginning, we assumed that both aircraft can have
constant velocity (CV) or be in the coordinate turn (CT) mode (Fitzgerald,
1990). The tracking of two aircraft which interact in a period of time, is
considered in this section. The observed aircraft is called the reference
aircraft. The second aircraft, which enters the validation region of the
reference aircraft, is called the stochastic aircraft. In order to test the
efficiency of the proposed algorithm, two types of aircraft trajectories are
formed. The first trajectory is without maneuver while the second
trajectory has a maneuver with g acceleration. The test trajectories
involve two aircraft flying along straight lines at an equal speed of 311
m/s. The flight data come from a radar sensor with a sampling interval
T=5s. The duration of both simulations is 72 scans.

In the first test scenario, given in Fig. 3a, the reference aircraft is
moving rectilinearly at a constant speed of 311 m/sand at an angle of

45° in relation to the origin. The conflict aircraft performs full turn
maneuvers with the intensities of g, 29, g and 3g during the scans 10-28,
37-45, 55-58, and 65-73, respectively.

The second test scenario, given in Fig. 3b, presents the trajectories
of two aircraft at a constant speed of 311 m/s. The targets move
towards each other. The first target is the reference aircraft flying towards
the radar along the 45-degree line to the north while the trajectory of the
second target (the conflict aircraft) is mirroring the first trajectory. At
k = 34" scan, both targets executed constant speed turns, of magnitude g
that lasted for k=8 scans. During the maneuvers, the trajectories
intersected and after the completions of the maneuvers, both targets
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continued to move at constant speed. The radar is located at the origin,
and cannot be shown. The trajectories from test scenario 1 intersected
during scan 32, while the trajectories from test scenario 2 intersected
during scan 44.

et
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. start .
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€
= 24t . g
e .
2t : i
ab e RRRAITI i
e N |
15 . . . . . . . ‘
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Figure 3 — a) Trajectories from test scenario 1, and
b) trajectories from test scenario 2
Puc. 3 — a) Tpaekmopuu u3z mecmoegozo cuyeHapus 1
6) mpaekmopuu U3 mecmoegozo cueHapusi 2
Cnuka 3 — a) Tpajekmopuje u3z mecm-cuyeHapuja 1 u
6) mpajekmopuje uz mecm-cueHapuja 2
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Figure 4 — Approaching the conflict in a) test scenario 1 and b) test scenario 2

Puc. 4 — lNpubnuxeHue cmonkHoeeHUl 8

a) mecmosom cyeHapuu 1 u 6) mecmosom cueHapuu 2
Cnuka 4 — lNpubnuxasar-e cydapa y a) mecm-cueHapujy 1 u 6) mecm-cyeHapujy 2
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Consider the target moving in two dimensions, with two dynamic
models and with process noise. For both trajectories, the constant
velocity (CV) model is used, with the state vector defined as

X(k)=[x Xy y]'. The matrices F,, and H are defined by the equations:

1T 0 0
0100, (1000
Fv=lo 0 1 10 oo 1 0 (34)
00 0 1

respectively, where q = 0.2, is the maneuver parameter (Song et al,
2012):

T3/3 T2/2 0 0 ;

T2/2 T 0 0 ,R{"X 0}
0 T3/3 T?/2

0 0 T%/2 T

Qk)=q (35)

where o, = o, =20m. The choice of the model set is of vital importance

and must compromise computational load and target modeling flexibility.
It has been found that the following two models: the constant velocity

(CV) model (obtained for angular speed @, =0) and the coordinated

turn (CT) model (obtained for angular speed @, >0), provide an
adequate and self-contained model set for tracking purpose.

The conflict probability distributions for test scenario 1 and test
scenario 2 are given in Figs. 5a and 5b, respectively. The time
distributions of conflict prediction for the third-order binomial distribution
for test trajectory 1 and test trajectory 2 are given in Figs. 6a and 6b.
Similarly, the time distribution of conflict prediction for the fifth-order
binomial distribution for test trajectories 1 and 2 are given in Figs. 7a and
7b.
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Figure 5 — Time distributions of conflict probability at the noise variance ¢ = 0.04

a) test scenario 1 and b) test scenario 2

Puc. 5 — BpemeHHbie pacripedeneHusi 8eposimHOCcmu CmoJiKHo8eHul npu ducrnepcuu

wyma

a) mecmoenili cueHaputi 1 u 6) mecmoebili cueHaputl 2
Cnuka 5 — BpemeHcka pacriodena eeposamHohe cydapa npu ducrnepsuju wyma

o* =0.04, a) mecm-cueHapuo 1 u 6) mecm-cueHapuo 2

284




Probahility of Conflict

80
g HO 70
1 10 20 a0 40

Time [k]

a)

Ol ]

Frobahbility of Conflict

g0
20 3a 40 a0 &0 70

Tirme [k]

b)

Figure 6 — 3D conflict probability at the 3rd-order binomial distribution
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Figure 7 — 3D confiict probability at the 5th-order binomial distribution
a) test scenario 1 and b) test scenario 2
Puc. 7 — TpexmepHasi 6epOSIMHOCMb CMOSIKHOB8EHUS MpU BUHOMUAIbHOM
pacnipedeneHuu 5-2o0 psida
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The simulations results validate the probability data association
algorithm, incorporated in the conflict detection method, and achieve
good balance within two trajectories of flight. Finally, it could be easily
observed that the conflict probability function rapidly increases into the
validation region. The algorithm could be used to detect a conflict early
enough to take a safe resolution maneuver if a neighboring aircraft starts
a maneuver which might cause a conflict.

Conclusion

A new aircraft collision algorithm, by the use known PDAF algorithm,
based on binomial distribution is presented in this paper. The common
approach is calculating probabilities of all possible label-target
assignments at each time step in the system. In that sense, we develop a
probabilistic methodology, using track data association which can
efficiently compute conflict probability. The proposed algorithm can
detect a conflict early enough to take a safe resolution maneuver. For the
track data association process, we proposed the PDA filter. In order to
compute a function of conflict probability, we have constructed an
algorithm based on binomial distribution which considers information
about previously estimated states of positions. Based on the PDAF
probability, the ATC system is able to send an alarm to the aircraft during
a sampling interval.

For safety verification, we needed to apply the proposed algorithm to
other types of radar sensors with a sampling interval shorter than the
sampling interval of TWS radar sensors. Also, we will test the proposed
method using other algorithms for hybrid estimation and data association
such as IMMJPDA (de Feo et al, 1997), (Paielli & Erzberger, 2012), MHT
(Nolan, 1998) or IMMPDAF.
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MPOrHO3 BO3MOXHOCTU CTONKHOBEHWA BO3YLWHbLIX
CyaoB HA OCHOBE BMHOMWAINBHOIO PACIMPEOENEHNA

3g60HK0 M. Papgocasnesny®, KoppecnoHaeHT, GpaHko [1. KOBaHEBMHS,
MesiH C. VBkoBuy®
@ BoEHHO-TEXHUYECKUI MHCTUTYT, I. Benrpan, Pecny6nuvka Cepbus,
6 Benrpanckuii yHnBepcuTeT, QnNeKTPoTEXHNYECKUA hakynbTeT,
r. Benrpag, Pecny6nuka Cep6us

PYBPUKA TPHTW: 27.43.00 Teopwus BepoAaTHOCTEN U MaTemaTuyeckas
CcTaTUCTUKA,
28.15.00 Teopus cuctem aBTOMaTU4ECKOro yrnpasneHus
78.21.49 BoeHHas anekTpoHuKa 1 knbepHeTuka
BWO CTATbW: opurmHanbHasa HayyYHas ctatbsl
A3bIK CTATbW: aHrnuinckmn

Pesome

BeedeHue/uenb: Ha ocHoge bBUHOMUasIbHO20  pacripedesnieHus
yHKYUU  nomHocmu  gepossimHocmu 8  OaHHOU ~ cmambe
npedcmasrneHa Hoeasi 8eposiIMHOCMHas modersb ona
MPO2HO3UPOBaHUSI MECMOIIOOXEHUST camoriema.

Memodbi:  [lpednoxeHHbIli  ajleopumMm  cocmoum U3  mpex
cocmasrsiouux: cbop OaHHbIX, MOHUMOPUHe / oueHka 2ubpudHO20
COCMOSIHUSI U pacdem 8eposimHOCMU CMOJIKHO8eHUs. MIHgbopmayusi o
meKyweM MecmoroioXeHUU U mpaekmopuu rosiema ucrosib3yemcsi
0ns noslydeHusi  aneopumma  rpedyrnpexo0eHuss  803MOXHOCMU
CMOJIKHOBEHUST Mex0y 8030ywHbIMU cydamu. [IpoeHO3uposaHue
cumyauyud, 8 KomopbiX 8030yUWHOe CyOHO Moxem rpubnusumscs K
Opyaomy Ha 60/bWOM pPacCcmosiHUU, paccyumsieaemcsi C 8bICOKOU
sepossmHocmbro. OueHKa no3uyuu U HeorpedesieHHOCMb OMHOCSMCS
K udeHmugukayuu OaHHbIX uyenel, koz2d0a 0se mpaekmopuu
rnonadarom 8 «OKHO» eanudauyuu C ucronb3osaHueM guibmpa
udeHmucghukayuu GaHHbIX 110 8ePOSIMHOCMU.
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Pesynbmambi: PaspabomaH u npomecmuposaH 3¢hheKkmuHbIl
aneopumm 0nsi npedyrnpexx0eHusi CMOoJIKHO8eHUU rpu ConpogoxoeHuu
epynroeou yenu.

Bbigo0dhb!: Pesynbmamsi modlenuposaHusi npedomepaueHusi
CMOJIKHOBEHUU caMos1emos, 8bIMNOofIHeHHO20 Mo  08yM  cUEHapusim
mpaekmoputi  nodmeepxdarom  3¢bcheKmusHOCMb  MPedrIOKEHHO20
arneopumma.

Knoyesbie crioga: asmomamuyeckoe yrpaerieHue, eeposimHOCMb,
omcrnexusarue uenet, udeHmugukauus OaHHbIX.

NMPEAVKUNJIA CYOAPA ABNOHA HA OCHOBY BMHOMHE
PACIOAEJE

380HKo M. PafiocaBrbesuh®, ayTop 3a npenucky, bparko [l. Kosauesuh®,
[ejan C. NBkosuh?®
@ BojHOTeXHWYKN MHCTUTYT, Beorpap, Penybnuka Cpbuja
o YHusepauteT y beorpaay, EnektpoTexHudku cakynrer,
Beorpaga, Peny6nvka Cpbuja

OBJIACT: matemaTuka, padyHapcka TEXHWKa, ayTOMaTCKO ynpaBrbake
BPCTA UJIAHKA: opyruHanHu Hay4Hu pag
JESUNK YJTAHKA: eHrnecku

Caxemak:

Yeod/uurb: Ha ocHogy OuHOMHE (byHKUUje eycmuHe pacrioderse
seposamHohe, y osom pady je npedcmasrbeH Ho8U 8eposamHu Modert
npedsuharba rosioxaja ea3dyxorsiosa.

Memode: [NpednoxeHu anzopumam cacmoju ce 00 mpu pasuduma
brioka: nipudpyxueare noGamaka, npahemwe/npouyeHa XxubpudHoe
Cmara U u3padvyHasame eeposamHohe cydapa. WHgopmauuje o
HUX0BUM MPEHYMHUM Morioxajuma U riaHosuma siema Kopucme ce 3a
Oobujare aneopumma 3a OmKpueare Mmoayhux cydapa u3mehy
sas0dyxornosa. pedsuhare cumyauuja y Kojuma ce 8a30yX0risio8 MOXe
npubnuwxumu dpyeom Ha eehoj yOarbeHocmu u3paydyHasa ce C 8eJ/IUKOM
seposamHohom. [poueHa nonoxaja u HeodpeheHocm o0Hoce ce Ha
npudpyxusare noGamaka yurbeea, kada y ,npo3op” eanudayuje nadHy
0sa mpaea KopuwheremMm cunmpa ca npudpyxusar-em rnodamaka ro
eeposamHohu.

Pesynmamu: [usajHupaH je egbukacaH arneopumam 3a OMmKpusaH-e
cyOapa, Koju ce mecmupa Ha MHO2UM euwecmpykuMm npahemuma
yurneaa.

Bakrbyyak: Pe3ynmamu cumynauuje rpeseHyuje cydapa asuoHa y 0ea
cueHapuja nymarse nomsphyjy echukacHocm ripedrioxxeHoe an2opumma.

KrbyyHe peuu: aymomamcko yripaerbarbe, seposamHoha, npahere
uyureeea, npudpyxueare nodamaka.
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Abstract:

Introduction/purpose: SuSica source surface water varies in natural
organic and inorganic impurities, biological species and micro-organisms.
This water is used instead of Vrutci lake water that has been stronglly
affected by eutrophication. These waters need removal of pollutants with
coagulants and polyelectrolyte. The aim of research was fo improve the
surface water treatment (coagulation and flocculation), to reduce sludge
amount and to evaluate its quality, treatment and application.

Methods: The physical-chemical methods are developed for determining
the quality parameters of water, sludge and compost. These parameters
are: turbidity, KMnQ, consumption, metals, total organic carbon, total
nitrogen, and chlorophyll.

Results: Surface water quality has a strong impact on sludge. The
concentrations of metals in the sludge were: 72200 mgkg-1 Al, 8550
mgkg-1 Fe, and 106 mgkg-1 Zn. The metals over the maximum limit were:
Ni 169 mgkg-1, Cr 69.5 mgkg-1, Pb 5.7 mgkg-1, and they have to be
reduced by zeolite. The ,nutrients” concentrations were: 697 mgkg-1 P,
297 mgkg-1 K, 9.6 mgkg-1 total N, and 274 mgkg-1 of dissolved organic
carbon. Escherichia coli and Salamonella are important for converting
sludge to compost.

ACKNOWLEDGEMENTS: The researchers would like to thank the colleagues from the
Public Health Institute Uzice for peer support.
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Conclusions: After maturation, compost can be used for Coriandrum
sativum cultivation. In further work, this strategy should be applied to the
water and sludge from Vrutci lake.

Key words: surface water, water flow, coagulation, flocculation, sludge,
compost.

Introduction

Water is a public, renewable and easily accessible resource.
Unfortunately, it is often not treated as a significant environmental,
economic and social factor. United Nations experts estimate that in this
year, 2020, two-thirds of people on Earth live in water-scarce areas. A
large number of water bodies such as rivers, lakes, seas, and oceans are
being affected by the eutrophication process. Due to geological aging
and leaching from the surrounding catchment areas, the nutrient levels in
water gradually increase and water bodies move from oligotrophic to
eutotrophic. In this way, problems in Vrutci lake began. There was a
significant decrease in dissolved oxygen concentration (DO) and
increase in chemical oxygen demand (COD). Cyanobacteria bloom
occurred, caused by eutrophication and global warming of these aquatic
ecosystems. Similar results (Christophoridis et al, 2018.) were presented
for algal blooms and the occurrence of cyanotoxins in 14 lakes in
Greece, firstly determined by Elisa tests for several types of cyanotoxins
(microcystins). Then the authors used microscopic identification with
taxonomic keys, as well as liquid tandem mass spectrometry with
electrospray ionization and chromatographic separation in multiple
reaction monitoring mode (MRM) for the identification of all species and
for their quantification. Cyanobacteria are photosynthetic prokaryotic
organisms which reproduce rapidly, forming cyanobacterial "blooming"
water. A prerequisite for the occurrence of cyanobacteria and their
dominance is a decrease in the ratio of total nitrogen to total phosphorus
(TN:TP) to a value of 10 or less. Phytoplankton has a great influence on
the surface water quality, no matter which area — the Mediterranean
area, the Marathonas Reservoir or Bubanj and Sumarice lakes - is a
subject of investigation. Phytoplankton depends on the availability of
CO,, sun and nutrients. Phytoplankon degrading bacteria deplete water
from oxygen and destroy living organisms. Phytoplankton is sizzling, but
when it comes to water blooming, high concentrations of chlorophyll and
other pigments appear as well as many species of algae (Katsiapi et al,
2011, pp .563-575), (Rankovic¢ et al, 2006, pp.107-114). The increase in
phosphorus, an indicator of the occurrence of water blooming and the
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development of phytoplankton, Planktothrix rubescens, from the
Cyanobacteria group, was recorded in Vrutci Lake. Excessive
contamination of the Vrutci lake water appeared as well as the
development of pathogenic bacteria. As a result, the water treatment
plant was not able to purify the modified water. Therefore, the Vrutci
reservoir was disconnected from the water supply system and replaced
with the surface raw water from the SuSica river source, Fig 1. The
Susica river is classified as type 6 of water and ll-1ll surface water class,
in accordance with the Regulations on the parameters of the ecological
and chemical status of surface waters and the parameters of the
chemical and quantitative status of groundwaters (Official Gazette of the
Republic of Serbia, N° 74/2011).

Figure 1 — SusSica river source
Puc. 1 - Ucmok peku Cywuuya
Cnuka 1 — Uzeopuwme peke Cywuye

The water plant has been modernized: some lines have been
reconstructed and some new lines have been built. In the process of
treating surface raw water, besides the production of drinking water,
waste water and sludge are generated as waste (including water with
which filters have been washed and sludge after a sludge concentrator
has been emptied). If drinking water is enriched with phytoplankton or
other biological species as well as a lot of rainfall, it is necessary to use
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more doses of chemicals such as Al-inorganic coagulants and organic
flocculant, polyelectrolyte.
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Figure 2 — Situation plan of the water supply plant
Puc. 2 — CumyayuoHHbil rinaH 05151 800004UCMHO20 COOPYKEHUS
Cniuka 2 — CumyayuoHu rnnaH nocmpojerba 3a ripepady sode

Figure 2 shows the situation plan (done by The Jaroslav Cerni
Institute for the Development of Water Resources, Belgrade, Serbia) and
the reconstruction phases of the raw water treatment plant that operated
in the “classical” way during 2017. At the very beginning of 2018, the first
phase of reconstruction was released. This phase included the
reconstruction of the part for the preparation of coagulants and laminar
precipitators, as well as the construction of new objects: flocculation,
ozone block and gas stations.

The sludge formation is mostly influenced by the quality of surface
water, treatment processes (coagulation and flocculation), and the
amount of water influx into the water ftreatment plant. The
interdependence of raw water quantity in function of doses of chemicals
was analyzed in the time before the technological reconstruction in 2017,
with a classic water treatment and after the water plant reconstruction,
with an improved treatment of the SuSica surface water in 2018. The
technical improvement in the flocculation section included three speed
mixing machines with reducer motors of different power that contribute to
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more efficient flocculation. The ,high quality” flocculas are deposited on
the laminar sedimentation tanks and after sapling sludge is obtained,
undergoing dehydration by automatic dosing of polyelectrolytes. The
reconstruction of the water plant also respected environmental principles
and reduced the amount of generated sludge. Q. Malik dealt with similar
issues (Malik, 2018.) He presented the method for reducing the
generated sludge amount during the coagulation/flocculation process and
for minimizing costs of deposition of by-products from the water
treatment process. When surface water is treated with Al-sulphate, the
pH of the treated water increases as a consequence of the high degree
of basicity of this coagulant. Compared to other coagulants, Al-sulphate
has lower efficiency. The optimal technological conditions for removing
high turbidity are chosen. For example, for 250 NTU turbidity is removed
with Al-sulphate doses of 0.25 g/I, pH 6, with the deposition time of 30
minutes. The similar concept of a physico-chemical treatment
(coagulation-flocculation) is applicable (Aguilar et al, 2005, pp.47-56) to
waste water, using anionic polyacrylamide as an additional chemical for
improving coagulation, optimizing the rate of flocculation. The optimum
rate and the mixing time for a given degree of flocculation were
consistent with the pH and the doses of the coagulant/flocculant.
Chemical oxygen demand (COD), biochemical oxygen demand for 5
days (BODs), and total suspended particulate matter (TSS) were
determined at the beginning and the end of each experiment to monitor
the process of waste water clarification. Once the optimal conditions
were established, other parameters were also measured to evaluate the
coagulation/flocculation process: number and size of particles, sludge
volume, nutrients (ammonia, nitrogen, total Kjeldahl nitrogen,
orthophosphate, total phosphorus), and residual Fe* and AP
concentrations in purified water. Anionic polyacrylamide, added with Fe-
sulphate or polyaluminum chloride, led to a significant increase in the
deposition rate.

The process of treating raw surface water involves bringing colloidal
particles to a certain range, during the process of clarification, i.e.
coagulation/flocculation of water, thereby reducing the content of colloidal
particles, performing discharging and aggregation. The next phases in
removing pollutants are the removals of chemicals in excess and
metabolic products through the processes of precipitation and filtration.
The most commonly used coagulants are aluminum salts (sulphates or
polychlorides) or iron salts. The chemistry of aluminum in surface water
is described by complexation reactions during the
coagulation/flocculation process:
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1. aluminum and inorganic ligands, sulphates, phosphates, hydroxyl
ions,

2. aluminum and organic ligands, aluminum-humic matter,

3. reactions of formation, monomers, polymers and precipitation
formation:

- monomeric types of aluminum, AP® *, AI(OH)*, AI(OH),*, Al(OH)s,
Al(OH),~

- polymer species, Al,(OH),**, Als(OH),4 **, Al1304(OH)24"*

- precipitate Al(OH)3, (s).

Cvijovi¢ and Dijurdjevic in some papers (Cvijovic et al, 2012,
pp.1087-1097), (Cvijovic et al, 2012, pp.313-322), (Djurdjevic et al, 2005,
pp.1615-1629) presented the results of studing monomeric species,
polymeric species that form during complexation and hydrolysis of AI**
ions and amino acids and antibiotics. By varying a degree of
neutralization, metal-organic ligand ratio, temperature, pH, the aging time
of the Al-solution, mixing speed, different equilibrium species of
aluminum and organic molecules are formed and with different yields.
The amino acids and antibiotics ligands, in a similar way, bond to Al** ion
as polyelectrolite, anionic polyacrilamide (CH,CHC=ONH.)n across
carbonyl oxygen and amino N. The experimentally obtained species
formed between L-histidine (HHis) ions and AI** ions in aqueous solution,
detected by UV spectrophotometry at 298 K were: Al(HHis)**, Al(His)**,
Al(HHis)His?* or dimmer Al,(OH)His,** with complex formation constants,
indicators of complex stabilty: Bpxr, 10g B1,11 = 11,90 £ 0,04, log B 1,10 =
7,25+ 0,08, log B 121=20,1+0,1andlog B 211=5,92+0,12 (p, k, r are
the stoichiometric indices of metals, ligands, and protons). The formed
species detected by Al NMR spectroscopy were: Al(HHis)** and
Al(HHis)(His)** or AI(OH)(HHis),** and Al;; polymer. The polymer
Al1304(0OH)24 ™, a major species formed in water solution of polyhydro
aluminum chloride is more effective in water clarification (coagulation /
flocculation), than Al- sulphate. Speciation occured similarly in fresh
water with AI** or Fe** ions, most probably with similar complex formation
constants. The species formed of AP* ijon and antibiotics were
investigated in water solution by tandem mass spectroscopy (Cvijovic et
al, 2012, pp.313-322). The antibiotics ligands are often waste water
contaminants.

This paper presents the results when the surface water from Vrutci
lake was replaced with the surface water from the neighboring Susica
river source, i.e. the comparison of the amounts of chemicals used
before and after the reconstruction of the water treatment plant; it also
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presents the amount of sludge in a conventional water treatment and
improved technical-technollogical water treatments with reduced
quantities of chemicals, which reduced sludge amount and resulted in
higher efficiency and economical results.

The improvement also concerned the validation of physico-chemical
methods based on instrumental techniques in the laboratory of the water
treatment plant. The methods were applied for the analyses of surface
water and generated sludge, assessing whether such sludge can be
used for composting or growing medicinal plants or other species, in
accordance with standard SRPS Z.T1.100:2017 (Institute for
Standardization of Serbia, 2017), which prescribes clear requirements for
the composting process, the selection of input materials and the minimal
quality of the composted materials.The treatment of this sludge involves
the removal of aluminum, because Al is considered to be a detrimental
element. Sludge needs removal of toxic metals that are above the
maximum permissible value. The treatment should be done by zeolite, as
a real time removal of toxic metals (Kerkez, 2014) or by fitoremediation
that is a long-standing way of treating metal-contaminated soil or sludge
(Cudi¢ et al, 2016, pp.229-239).

The environmental and economic effects of coagulation were also
the focus of authors (Keeley et al, 2014, pp.2675-2719), as well as a
possibility of recovery, separation of the coagulant and its re-use in
drinking water treatment.

The aim of the research was to improve the SuSica source surface
water treatment especially through coagulation and flocculation
processes, to reduce chemical dosing amounts and generated sludge
amounts, as well as to evaluate sludge quality, treatment and application.
Instead of piling up waste by being taken to a landfill (used as land
breeder), the generated sludge from SuSica will be converted into
compost for growing medicinal herbs as a permanent solution after its
treatment (toxic metal removal by zeolites as the fastest removal method
and conditioning sludge).

The same strategy is intended to be applied to the surface water
sludge from the Djetinja river, accumulated in Vrutci Lake, if sludge is not
hazardous. But if the quality of surface water is deteriorating because the
concentration of blue-green algae increases, the so-called cyanobacterial
blooming occurs and sludge becomes dangerous, loaded with
cyanotoxins, different strategy must be applied.
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The experimental part

Within the experimental part, some standard methods were used
and some were developed as ,new“ ones for the analysis of the most
useful physico-chemical and biological parameters for surface water,
treated water and sludge: turbidity, pH, electroconductivity, KMnOQO,
consumption, total organic carbon (TOC), total Kjeldalh nitrogen (TKN)
phosphates, and chlorophyll a,b,c (biological parameter). The
microbiological parametres were determined by standardised methods.
These parameters are "common" for achieving the higher objective of
respecting green environmental chemistry principles, assessing the
management of the process of coagulation and flocculation with
aluminum sulphate (or polyaluminum chloride) and polyectrolyte during
the removal of natural organic matter (NOM), inorganic matter, pollutants,
metals and sludge. Crops are estimated to be capable of growing on
sludge converted to compost, but only after toxic metal overrange
reduction and maturation. The investigated biological parameters were:
phytoplankton, qualitative and quantitative, Chlorophyll a, b, c,
nematodes, and zooplankton. The microbiological parameters were: total
coli, fecal coli, fecal enterococci, and the total number of aerobic
mesophiles.

Reagents

The chemicals of p.a. purity or ultra pure, of the world's most trusted
manufacturers, were used.

Al strip, 99.997%, Merck, Darmstadt, Germany.

Hydrochloric acid , HCI, 36,5-38 %, p.a, J.T.Baker, USA.

Sulphuric acid, H,SOq,, p.a, 98%, Fisher, USA.

Aluminum by the Eriochrome Cyanine method reagent set contains
ECR-20 Reagent, Hexamethylenetetramine Buffer Reagent F20 and
ECR Masking Reagent Solution, Hach, USA.

Ultra pure water, UPW voda, TOC <0.1 mg/l, Sigma Aldrich, USA.

Potassium permanganate, KMnO,, p.a., Merck, Darmstadt,
Germany.

The reagent stock solution is a concentrated mixture of phosphoric
acid and ammonium persulphate, Hach, USA.

Nickel, metal pieces, 99.995 %, Merck, Darmstadt, Germany.

Lead, metal pieces, 99.995%, Merck, Darmstadt, Germany.

Chromium, metal pieces, 99.995% , Merck , Darmstadt , Germany.

Hydrochloric acid HCI, 30%, suprapure, Merck, Darmstadt,
Germany.
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Oxalic acid, H,C,04x2H,0 p.a. Reagecon, Ireland.

Nitrogen, gas, 5.0, without CO,, 200 bar, Messer, Serbia.

Sodium Hydroxide, NaOH, p.a., granules, Carlo Erba Reagents,
France.

Boric acid, powder, p. a., Carlo Erba Reagents, France.

Tahiro indicator, Carl Roth, Germany.

The stock solutions: The stock solution of Al chloride 0.1 mol/L
was prepared by dissolving the shredded aluminum strip, weighing
0.53974 g with 5 ml HCI and 1-2 ml redistilled water, with heating in a
sand bath for several hours. The solution was dilluted with bidistiled
water up to the 1 dm® mark of the volumetric flask. The solution
concentration was precisely determined by the gravimetric analysis, so
the concetration of Al was 0.1020 mol/L.

The stock solution of Ni 0.1 g/L was obtained by dissolving .0.1 g
of Ni pieces in 10 ml of HNO; conc. acid, oxide removed and cooled
down. Then the solution was dilluted with bidistiled water up to the 1dm?®
mark of the volumetric flask.

The stock solution of Pb 0.1 g/L was obtained by dissolving 0.1 g
of Pb in 10 ml of concentrated nitric acid, after dissolution, evaporated to
dryness and then redissolved with redistilled water up to the 1 dm*® mark
of the volumetric flask.

The stock solution of Cr 0.1 g/L was obtained by dissolving .0.1 g
of Cr in 10 ml of concentrated HCI acid; after cooling, the solution was
dilluted with bidistiled water up to the 1dm® mark of the volumetric flask.

KMnO, standard solution (0.02M) was prepared by dissolving
3.160 g KMnQ, in 200 ml of redistilled water, supplemented up to the 1
dm?® mark of the volumetric flask. It is stored in a dark bottle.

The standard solution of oxalic acid (0.1M) was prepared by
dissolving 6.303g of oxalic acid with a little of redistilled water, added 50
ml of sulfuric acid (1:3) to conserve and dilluted with bidistiled water up to
the 1 dm® mark of the volumetric flask.

The working solutions were made by diluting the stock or standard
solutions with bidistiled water.

Instruments

1. Hach 2100N turbidimeter for turbidity measurement with
calibration standards based on formazionic polymer: <0.1 NTU, 20 NTU,
200 NTU and 1000 NTU, Hach.

2. Stirrer, Velp scientifica, T range 0-350°C and rpm range: 0-1500
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3. pH-meter, Infolab WTW, with glass electrode, pH range 0-14,
resolution 0.01 pH; pH accuracy = 0.01pH units, with buffers for
calibration pH 4.00 (phthalate), pH 7.00 (phosphate), pH 9.00 (borate)
Hach

4. Conductometer, HQ 440 d, multi with CRM standard 100 pS / cm
+1uS/cm, NIST

5. Automatic burette, Tirette 50 ml, Class A, Brand,

6. Spectrophotometer, Lange DR 6000, Hach, with Hach software,
vers. 11, with UV and VIS lamp, 1cm and 5cm quartz and glass cells, for
the analysis of true and apparent water color (in Co-Pt units) and Al
concentration (using manufacturer's method with commercial reagents
and methods with ,classical“ solutions of eriochrome-cyanine and
aluminon, after forming calibration curves). The compared results of
different methods showed good agreement. The instrument was also
used for the determination of UV extinction at 254 cm™, chlorophyll a, b,
and ¢ (where absorbances were measured on two wavelengths: 665 and
750 nm), nitrogen compounds and ortho—phosphates and total
phosphorous .

7. TOC analyzer. (total organic carbon analyzer) Qbd 1200 with
autosampler, Hach, with a UV lamp, a burette for persulphate reagent
addition and a non-dispersive IC detector, NDIR. The measuring range is
from 0.4 pg/L to 100mg/L, with the accuracy of 3%, calibration standard,
manufacturer's cuvettes, and nitrogen gas 5.0.

8. Gerhardt analytical system for the determination of total nitrogen
from different matrix (water, sludge, food) by Kjeldah (with three units
Gerhardt Turbotherm with 4 digestion cells, for sample destruction,
Turbosoq, centrifugal rinse for inorganic gases and vapors and Gerhardt
Vapodest 200, unit for distillation and a volumetric titration burette of the
resulting solution after digestion and distillation. The reference material
(RM) solution is prepared of histidine nitrogen, conc. 5 mg/l. The sample
with 2 drops of Tahiro indicator is titrated with 0.1M hydrochloric acid until
the color changes from slightly green to pink.

9. Laboratory mini plant, Jar Test FC6S, Velp Scientifica, consisting
of four 2dm?® jars with supernatant sample taps, with programmable
speed and time settings and a possibility to adjust coagulant and
flocculant doses.

10. ICP-OES spectrometer, ICAP Pro for metal concetration
analysis, Rf generator, 27 MHz, 167-852nm wavelength range, 7 ppm
resolution, multi-element analysis, 99.999% argon used as carrier,
nebulization and plasma forming gas, with a nebulizer, a torch (burner),
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quartz or glass, depending on the acids used for sample preparation,
Thermo Scientific.

Sample preparation

a) The procedure for raw surface water sample preparation

A preferably fresh raw water sample is taken in a specified volume in
accordance with the method. Some samples were filtered through
0.45um filter before measuring.

b) Procedure for sludge sample preparation

1 dm® of sludge is taken, the liquid part is decanted and the rest
dried at 104°C for 5 hours. Most analyses were done from dry sludge
calculated for the mg/kg weight, and a few analysis were done from
decanted liquid.

c¢) Procedure for compost sample preparation

1 kg of compost is taken and put to dry till constant mass for most
analyses and the results are calculated for the weight in mg/kg.
Sampling and sample preparation were carried out in accordance with
the appropriate standards (SRPS or EPA).

d) Kjedalh total nitrogen is determined by a modified method
adapted for this type of samples using standard SRPS ISO 1871:2013
(Institute for Standardization of Serbia, 2013) and Gerhard methods for
total nitrogen in water, adapted for given samples and conditions, with all
tests for method validation.

e) TOC/DOC is determined by standard SRPS ISO 8245, 2007
(Institute for Standardization of Serbia, 2007) adjusted for water samples
and for dissolved organic carbon (DOC) from sludge, where samples are
filtered through a 0.45um size filter. The method was developed by
validation principles.

f) Aluminum concetrations in surface water, water from different
stages of the treatment process, waste water, residual, and sludge were
determined spectrophotometrically. The method with commercial
reagents was compared with classical methods with solutions of
eriochrome cyanine and hexamethylenetetramine, as well as with
aluminon, with six standard solutions. The calibration curve equation was
C =0.015+0.8217A. The linearity coefficient was R?*=0.9997. The three

303

Cvijovi¢, M. et al, Improved chemical treatment of SuSica surface water, Zlatibor area, and sludge application, pp.293-320



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2020, Vol. 68, Issue 2

compared aluminum quantification methods give results in very good
agreement, no matter the sample matrix.

Water Treatment Plant - Chemicals

The following chemicals of technical purity were used in the water
treatment: Coagulant Al,(SO4)3X18H,0, class A, Marking ltd, or Al,Cln.
m)(OH)m, Impuls hemija Itd, used occasionally, Polyelectrolyte anionic,
Settafloc AP -17, SNF s.a.s

Water Treatment Plant — Part for coagulation and flocculation

| * Saturator for aluminum sulphate stock solution preparation, with
centrifugal pumps for mixing a solution, Technique KB, Belgrade

* Pools, where the stock solution of Al-sulphate dilutes with water,
after aging, up to a required concentration, and the pumps (piston-
membrane) for pumping the Al-sulphate solution, Technique KB,
Belgrade

* Dosage unit for Al-sulphate with the ProMinent pump Heidelberg,
Germany, power 0.55 KW, and a dosing speed of 1033 I/h with an Omron
frequency control for speed adjustment

II' * Flocculation Part with Prominent instruments for making a
solution of polyelectrolyte and dosing it into water, and with spectra type
Prominent pumps with a capacity of 650 L/h. The preparation of a
solution of polyelectrolyte with ultrasonic control of the added
polyelectrolyte amount, with a Siemens control unit and 3-speed
flocculation mixers: a small mixer rated at 3kW, 11 rpm, a medium one at
2.2 kW and 5.7 rpm (turnover per minute) and a large mixer driven by an
engine of rated power of 1.1 kW, with 2.7 rpm, Strojna, Maribor

Il * Precipitator automated and cotrolled by SCADA software, ver
2.0, for remote and process control; sludge discharge valves towards the
lagoons, where closing and opening of the valves is carried out from the
Schneider Electric substation

Results and discussion

The paper deals with the treatment of surface water and the amount
of sludge generated in the case of using surface water from the SuSica
river, before and after technically-technologically upgrading the water
treatment plant. The treatment of raw water also includes ozonization
and filtration processes with sand, quartz filters and activated carbon
filtration. Water treatment also includes disinfection with chlorine gas.

304



In the extended physical-chemical analysis of the surface water from
the SuSica sources (Small and Large Source), the following was
determined: 0.026mg/l of aluminum, 0.027mg/l of iron, 0.013mg/l of
barium, and 0.079 mg/I of strontium. The concentration of phosphorous is
0.015 mg/l while that of boron is 0.04mg/l. The quality of raw water is
continuously monitored to assess which chemicals (and how much of
them) should be added to produce hygienically safe drinking water.
During the jar tests at the laboratory conditions, the coagulant and
flocculant doses were adjusted, in accordance with the surface water
quality and the optimal speed for stable flocule formation and then
transferred to the water treatment plant. In the flocculation section in the
water plant, the 3-speed mixer helped to better manage the process. The
pollutants removed by coagulation & flocculation are: turbidity (removal
efficiency over 95%), alkali metal ions (calcium, removal efficiency 29%),
dissolved silica, bacteria, algae, apparent, true Pt-Co dye, organic
compounds, oxidized iron, manganese, clay particles, and aluminum ions
(Nishat Ashraf et al, 2018, pp.187-199).

These compounds undergo alkaline hydrolysis in the alkaline
medium, producing positively charged, insoluble, voluminous hydroxides.
The hydroxides have a large adsorption surface and attract oppositely
charged (negative) colloids, thus neutralizing their charge (aluminum
ions). During flocculation, polyelectrolytes increase the volume and
cohesion properties of colloidal particles, accelerate coagulation and
improve its effects.

The presented graphs show the dose dependence of aluminum as a
coagulant on the amount of raw water discharged to the water plant
treatment during 2017 when water treatment was still classical, and in
2018, when water treatment was improved. In both cases, raw water
comes from the SusSica sources.

SusSica River, classical method of water treatment -
February 2017

The amounts and doses of coagulants and flocculants depend on
the amount of water entering the plant and the quality of raw water which
depends on climatic conditions (such as season, temperature, rainfall,
snow, global warming, and imbalance in aquatic ecosystems). In the
tables given below, the parameters present the quality of surface raw
water in the selected month. Using this data, jar tests are used to adjust
coagulant and flocculant doses as efficiently as possible (Nishat Ashraf
et al, 2018, pp.187-199). The goal is to compare the amounts of sludge
generated during 2017 and 2018 and to evaluate a possibility of its
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application (for composting) in the case of the surface water from the
Susica sources. The water treatment plant doubled its capacity after the
reconstruction. Owing to the improvement in the key processes, i.e. in
coagulation and flocculation, the amount of waste sludge was reduced.
Then, after checking its quality and after dehydration and removal of toxic
compounds, sludge could be applied in agriculture.

Table 1 — Results of physico-chemical analysis of surface water, February 2017.
Tabnuuya 1 — Pe3ynbmambl ¢hu3UKO-XUMUYECKUX aHau308 rnoeepxHoCmHbix 800 8
gespane 2017 20da
Tabena 1 — Peaynmamu ¢hu3uyko-XxeMujcKUX aHsu3a rnospuiuHcke eode y chebpyapy
2017. 200uHe

Water
Parameter Units
Raw Treated MPV*
1.  Temperature °C 7.7 8.7 8-12
2. Turbidity NTU 6.1 0.4 1
3. pH - 7.7 7.5 6.8-8.5
a. (Tg;"’g 8'3")3”””3’ mgll 210 190 :
5.  KMnO4 cosumption mg/L 171 10.9 8
6. Electroconductivity = pS/cm 376 371 1000
7. Aluminum mg/L 0.026 0.032 0.2
8.  Chlorides mg/L 14 16.5 100
9. Sulphates mg/L 17 49 250
10 TOC mg/L - - 5.0**
1. (g‘:gg‘srd”ess mgll 236 233 :
MPV*- refers to lI-lll surface water class - type 6, Official Gazette of the Republic of

Serbia, No 74/2011, Regulations on the parameters of the ecological and chemical status
of surface waters and the parameters of the chemical and quantitative status of
groundwaters.

MPV** - maximum permissiblle (concentration) value, according to the Official
Gazette of the SRJ, No 42/1998, 44/1999, Official Gazette of the Republic of Serbia
28/2019, Rulebook on the Hygienic Safety of Drinking Water.

During the winter period, the turbidity of the SuSica source water
increased 6 times over the MPV and the consumption of KMnO,

306




increased up to 2 times, which indicates the burden on natural organic
matter. In order to make this water hygienically correct, it was treated
with chemicals. The dosage of Al-sulphate and polyelectrolyte, as a
function of the amount of inlet water per day, is shown graphically for
February 2017, Figure 3a. The coagulant dose is low because the water
was of average quality from the physico-chemical point of view (average
and uniform total carbonate hardness, i.e total alkalinity for the SuSica
source) and from the biological point of view. This water periodically
requires more chemicals because the spring is variable due to rainfall
and water temeperature that cause variations of biological species and
their abundance. The microbiological SuSica water status during
February 2017 required higher doses of disinfectants, because Coliform,
total coliform bacteria of fecal origin and total aerobic mesophilic bacteria
were above the maximum prescribed. The nitrate concentration was 7.2
mg/l. The used coagulant was aluminum sulphate that binds efficiently
with pollutants.

The treatments of raw water in February 2017 and February 2018
are compared and graphically presented as a relationship of the doses of
Al- sulphate, i.e polyelectrolyte as a function of the amount of raw water
per day, Figures 3a, 3b.

Turbidity indicated an increase in suspended matter: clay, silt, well-
arranged organic and inorganic particles. Phytoplankton and
microorganisms and ranged from 2.9 to 6.1, so the doses of Al-coagulant
and polyectrolyte were higher for medium hard SuSica source water,
between 5 and 7 days of February 2017. After the treatment of the
SuSica water of this quality, drinking water, waste water and sludge were
produced in the plant. In February, out of the total amount of raw water of
480,418 m?® introduced into the water treatment plant, the amount of
generated sludge was 6,586 m®. During the autumn and winter months,
especially in November and December 2017, more sludge was
generated because turbidity and organic and inorganic pollutants in water
increase due to low water temperatures of 7.7 °C which causes the
solubility of gases (oxygen and carbon dioxide). So, oxygen increases in
water, due to the increased degradation of organic matter and the
development of living organisms, as well as the increased photosynthetic
processes, which is also confirmed by the increased KMnO,4 consumption
(atmospheric pressure also influences the rise in oxygen content). Based
on Henry's law, decreasing temperature leads to an increase in the
solubility of gases in water (O,, CO,) as well as in turbidity (due to more
rainfall). At lower T, the coagulation process is slower and with less
efficiency.
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Figure 3a — Dependence of the concentration of added aluminum sulphate and
polyelectrolyte on the flow rate of raw water during February 2017
Puc. 3a — Bzaumosasucumocmb KOHUeHmpauyuu 0obasneHHo20 cyrnbghama anoMuHus u
rnonuanekmposiuma u rnpomoka chipoli 800bl 8 meyeHue ¢hespans 2017 eoda
Cnuka 3a — MehycobHa 3agucHocm KoHUeHmpauuje dodamoe anyMuHujym cyrngama u
nonuenekmposauma o0 Mpomoka cupose eode y moky gpebpyapa 2017. 2o0uHe

Susica River, after the water supply plant reconstruction -
February 2018

During February 2018, the same SusSica source water was used, but
the flocculation and deposition part of the water treatment plant was
improved after reconstruction, so it was expected that the amount of
sludge generated would be lower as the flocculation process was
improved with 3 stirring speeds and lamellar precipitators as well.
However, during February 2018, the facts were opposite to the
expectations, because the quality of raw water was "above" the technical
improvement of the water plant functioning (physico-chemical
characteristics, microbiological and biological status deteriorated). Figure
3b shows that the amount of added polytherolite increased almost twice,
1.2 g/m® in comparison to February 2017. Raw water coloration was 10
Co-Pt units, effectively removed by the coagulant. The coloration was
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most likely derived from nutrient enrichment of water, eutrophication, at
low water temperatures which stimulate the production of algae and also
increase turbidity (1.6 NTU), increased KMnO, consumption and nitrates
up to 5.2 mg/l. Algae contain chlorophyll in their cells, determined as
chlorophyll a, b, and ¢ on the DR 6000 UV-VIS spectrophotometer. In
cold water, more decomposed organic matter accumulates at greater
depths, thus leading to a reduction in the quality of fish life conditions. An
increased amount of polyelectrolyte up to 2 times, caused by the
deterioration of raw water quality, for almost the same amount of water
inlet of 473,418 m® generated an increased amount of sludge up to
7,274 m® when compared to February 2017(when it was 6,586 m®). The
microbiological status indicated that total coliform bacteria were over 161
and that coliform bacteria of fecal origin were present in the number
higher than 161; streptococci of fecal origin and Citrobacter spp were
also isolated — therefore, water purification and desinfection were
intensified.

FEBRUARY 2018
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Figure 3b — Dependence of the concentration of added aluminum sulphate and
polyelectrolyte on the flow rate of raw water during February 2018
Puc. 36 — Bzaumo3sasucumocmp KoHueHmpauuu 6obagrneHHo20 cynbghama amnoMuHus u
ronuanekmposiuma u rnpomoka cbipoli 800bI 8 meyeHue ¢heaparisi 2018 eoda
Cnuka 36 — MehycobHa 3agucHocm KoHUeHmpauuje dodamoe anyMuHujym cyrngama u
rnonuenekmpornuma o0 npomoka cupose 8ode y moky ¢pebpyapa 2018. 2coduHe
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Susica River, classical method of water treatment - April
2017, extended analysis

Table 2 gives the results of the extended analysis of the surface
water during April 2017. The parameters relevant for water and sludge
quality are: TOC, UV extinction at 254 nm, total Kjedalh nitrogen,
chlorophyll a, total phosphorus, and ortophosphates.

Table 2 — Results of the physico-chemical analysis of surface water, April 2017, extended
analysis
Tabnuuya 2 — Pe3ynbmambi ¢hu3uKo-XuMu4eCcKuUx aHau308 rnoeepxHocmHbix 800 8
anpene 2017 eoda (pacwupeHHbIlU aHanu3)
Tabena 2 — Peaynmamu ¢hu3uyKko-XxeMUujcKUX aHsau3a nospuiuHcke eode y anpusny 2017.
200UHe (MpowupeHa aHanu3a)
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N Parameter Units Water

Raw Treated MPV*
1. Temperature C 8 9.2 8-12
2. pH - 7.4 7.3 6.8-8.5
3. Electroconductivity uS/cm 538 415 1000
4. Turbidity NTU 15 0.2 1
5. Total hardness (CaCO3) mg/| 270 265 -
6. Total alkalinity (CaCO3) mg/l 245 220 -
7. Chlorides mg/l 13 14 100
8. Sulphate mg/l 12 35 250
9. Aluminum mg/l 0.018 0.032 0.2
10. KMnQO4 cosumption mg/I 8.8 6.4 8.0
11. TOC mg/l 3,63 1.22 5.0 **
12 UV extinction at 254 nm  1/cm 0.124 0.021
13 Total Kjeldalh nitrogen mg/l 2.54 -
14 Ortophosphates mg/l 0.06 - 0.10**
15 Total phosphorus mg/l 0.032 - 0.15**
16 Chlorophyll a ,b, c pg/l 2.92 -
17 Potassium mg/l 1.0 -
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These parameters and metals are important in the compost quality
evaluation. Some instrumental methods were developed on the basis of
standards, adapted and improved, as well as tested according to the
principles of accredited methods (repeatability, accuracy, potential
sources of errors tested, limit of detection, limit of quantification, and
measuring uncertainty).

The determination of total organic carbon (TOC) is the most valid
indicator of organic matter in surface water, because there is a complete
degradation of a sample caused by the reagent stock solution, i.e. a
concentrated mixture of phosphoric acid (to aid in removal of CO, from
solution) and ammonium persulphate (to aid in oxidizing organic
compounds) and UV radiation. The TOC method was developed for
water samples and used for sludge, as well. Firstlly, the calibration curve
was constructed after measuring the peak area (of total organic carbon)
as a function of the TOC concentration in the calibrated standards. Every
calibration standard was with 3 times repeated measurement, for the
concentration range from 1000 to 5000 ppb. The calibration curve
equation is Y = 9.23x + 25.92. The linearity coefficient is R?=0.9997.
Blank was analyzed before each analysis. Tests for reproducibility,
precision, as well as limit of detection and limit of quantification were
done. Distilled, redistilled water and ultra pure water (upw) were analyzed
before the samples of interest. There were some variations with distilled
and redistilled water regarding the TOC results. When distilled, redistilled
and ultra pure water were analyzed, it was observed that distilled water
flowing through the ion exchange resin showed higher and variable
values of TOC, because the resin was saturated, impured. The impurity
of resin was noticed to affect the TOC results, as well as the
electroconductivity results for distilled water. This problem was solved by
replacing the ion exchange resin.

The TOC samples of surface water and sludge as well as the
samples from the water treatment process were randomly analyzed with
repetition, day by day. The effects of larger diameter particles present in
water during treatment with coagulants and flocculants were also
analyzed. The formed particles of aluminum sulphate and polyelectrolyte
with impurities from the precipitate, over 100 um, (where the
concentration of Al was in a range of 0.78-0.92 mg/l) had difficulty in
degrading by the action of UV radiation and a mixture of phosphoric acid
and ammonium persulphate reagent. On the contrary, during the total
organic carbon analysis, the degradation of the surface fresh water
samples was easy and repeatable. Besides the contamination of distilled
water, redistiled water can be contaminated with CO,, if a vessel
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remains open. Other sources of contamination have also been
investigated. After removing a contamination source, the methods were
rigorously tested up to the level of in-house validation and then accepted
for the analyses of different samples. Upw water with 0.07 ppm TOC,
redistilled water, and destilled water were first measured before other
samples. Some samples were tested many times and after receiving
valid results, they were conserved and accepted as an internal standard.

The literature data has shown similar problems with contamination
and variable TOC results for destilled water chosen by other researchers
(Meyers, 1998).
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Figure 4 — TOC spectrum of surface water: the left high peak belongs to total inorganic
carbon (TIC), the lower right one belongs to total organic carbon (TOC)

Puc. 4 — Cnekmp TOC rnogepxHOCMHbIX 800: 5ie8bIl 8epxHULl MUK omHocumcs K obuwemy
HeopaaHu4eckomy yanepody (TIC), HuxHUU rpaebil nuKk omHocumcs K obwemy
opaaHu4yeckomy yenepody (TOC)

Cniuka 4 — Cnekmap TOL| nospwuHcke 800e, nesu suwiu nuk rnpurnada yKyrnHom
HeopaaHCcKoM yarbeHuKy (TUL]), a Huxu OecHU rnuK yKYrnHOM op2aHCKoM yarbeHuUKy (TOL])

The TOC method is developed by using standard SRPS ISO 8245
2007 (Institute for Standardization of Serbia, 2007) as basic literature,
after many tests, improvements, and statistical evaluations for different
matrix samples.

Chlorophyll a,b,c is an indicator of the biological status of raw
surface water (photosynthesis and present algae). Chlorophyll a,b,c was
determined spectrophotometrically by a DR 6000 device, as the
difference of the measured absobances at 750 and 665 nm, from an
ethanol solution. This method is validated with some improvements. The
comparative method is formed on the basis of the standard and the
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chlorophyll calculated by a formula as a difference in measuring
absorbance at 634 and 675 nm and from a methanol and acetone
solution, as well. The results are in good agreement, and in accordance
with the results for similar samples, published by R.J. Ritchie (Ritchie,
2006, pp.27-41).
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Figure 5a — Dependence of the concentration of added aluminum sulphate and
polyelectrolyte on the flow rate of raw water during April 2017
Puc. 5a — Bzaumosasucumocmb KOHUeHmpauyuu 0obasneHHo20 cynbghama amoMuHus u
ronuaniekmposiuma U ripomoka cbipoli 600bI 8 meveHue arnpesiss 2017 2oda
Cniuka 5a — MehycobHa 3agucHocm KoHUeHmpauuje dodamoe anyMuHujym cyrnghama u
rnonuenekmponuma o0 npomoka cupose 8ode y moky anpuna 2017. 2o0uHe

Bearing in mind that the doses of chemicals are dependent on the
quality and quantity of raw water, it can be seen that, during April 2017,
the doses of Al-sulphate and polyelectrolyte varied, in accordance with
April climatic variations: periods with sunny days, periods with snowy
days when snow melted quickly and caused high turbidity of raw surface
water. The temperature was low, i.e. variable, so the doses of chemicals
were variable. The maximum chemical doses were from 12 to 15 (17)
days of month. The quantity of 426,998 m® of raw water yielded 9,314 m*
of sludge during April 2017.
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Figure 5b — Dependence of the concentration of added aluminum sulphate and
polyelectrolyte on the flow rate of raw water during April 2018
Puc. 56 — Bzaumosasucumocmpb KoHUeHmpauuu 0obasrneHHo20 cynbghama anoMuHus u
ronuanekmposiuma U rpomoka cbipoli 600kl 8 meveHue arnpesss 2018 eoda
Cnuka 56 — MehycobHa 3asucHocm KoHUuempauuje do0amoa anyMuHujym cyncghama u
nonuenekmponuma od npomoka cupoge 8ode y moky anpuna 2018.e00uHe

During April 2018, the average doses of Al-sulphate were 24 g/m?®,
and those of polyelectrolytes were 0.4-1.4 g/m*. The chemical doses
were less variable because both climatic and other parameters were
more constant. The amount of 4,977m? of sludge was produced out of
681,193 m?® of raw water during april 2018, which is about 2 times lower
than in the same month during 2017. A smaller amount of sludge was
generated in the reconstructed plant as expected. The microbiological
status indicated that the number of coliform bacteria of fecal origin was
over 24 in 100ml, above the maximum allowed value. E. Coli was also
found.

During summer, July of 2017 and 2018, the water temperature
increased and ranged between 13-14° C, contributing to a decrease in
the solubility of oxygen and other gases in water according to Henry's
law. The reduction of oxygen concentration inhibits oxidative processes,
and, consequently, degradation of organic substances and development
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of living organisms in surface water. This caused a decrease in the
KMnO, consumption. Therefore, the average doses of chemicals in
summer are reduced as well as the amount of sludge generated in
summer 2017 and 2018.

A detailed physico-chemical analysis of sludge collected during 2017
and 2018 was carried out and some data is presented in Table 3.

Table 3 — Results of the physico-chemical analysis of sludge
Tabnuya 3 — Pe3yrimamasi ¢hU3UKO-XUMUYECKUX aHanu3oe una
Tabena 3 — Peaynmamu ¢hu3uyKo-XxeMujCKux aHanusa mysba

N Pammeler Ui Vae MRV
. Humidity % 87.18 -

2 Solids content % 12.82

3 Total Kjeldah nitrogen mg/kg 9.6*

4. Phosphorous mg/kg 697

5. TOC /DOC mg/kg 274

6. CIN ratio wiw 28.5 <20
[ Potassium mg/kg 297 -

8. Aluminum mg/kg 72200 -

9. Copper mg /kg 8.9 25
10. Total Chromium mg/kg 69,5 5
11. Nickel mg/kg 169 20
12. Lead mg/kg 57 5

MPV*** - Official Gazette of the Republic of Serbia, No. 56/2010, 93/2019, Regulation on
categories, testing and classification of waste, Attachment 10
C/N = Carbon Content mgkg'1/Nitrogen Content mgkg” =TOC mgkg"/T KN mgkg"

As the maximum permissible values were exceeded for Ni, Pb, total
Cr, and toxic metals, this sludge needed treatment for the removal of
these metals (Kerkez, 2014), especially if there is intention to use it in
composting or postponement (land breeder). Aluminum should also be
removed, regardless of the fact that it is not over the maximum
permissible value since it is categorized as a detrimental metal. So, the
sludge generated from the SuSica surface water should be used as
compost, but only after metal removal with zeolites and maturation. The
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minimal conditions for composting are also tested in accordance with the
Serbian legislation (Institute for Standardization of Serbia, 2017). An
opportunity is thus provided to use treated sludge as a material for
growing Coriandrum sativum. The medical effect of Coriandrum sativum
is compared to the effect of ciprofloxacin, gentamicin and other
antibiotics. It is useful as a spice plant and in cosmetics. In further work,
this strategy should be applied to a treatment of the Djetinja (Vrutci Lake)
surface water and its generated sludge.

Conclusion

The obtained results confirmed the next findings:

After the reconstruction of the water treatment plant, especially the
lines for coagulation and flocculation, the quantity of the formed sludge
decreased due to the technical plant improvements such as 3-speed
strirrers during flocculation and one new polyelectrolite.

Before the reconstruction, the pH-values were adjusted and doses of
coagulants such as aluminum sulphate or polyaluminum chloride were
based on jar testing every day. After the improvement of the water plant
treatment, the addition of coagulants is better controlled, drinking water
is, according to standards, ,easily“ received, and the amount of sludge is
minimized.

The formation of ,high-quality” floccules was more efficient when the
system with three stirring rates was used.

The sludge formed during 2017 and 2018 contained metals such as
Ni, total Cr, and Pb, and they exceded their maximum permissible
values. Therefore, the sludge treatment was required.

Eutrophication as a process of enriching water with nutrients results
in increased organic compounds and primary production of aquatic
plants. This increased organic content is bacterially decomposed,
consuming available oxygen and affecting the development of other
aquatic organisms. The nutrients-enriched water stimulates the
production of algae, thereby increasing turbidity, water color and total
organic carbon.

The quality of the SuSica surface water is strongly affected by
season, water temperature, dissolved gasses (O, and CO,), level of
rainfall, as well as living organisms in water.

The generated sludge quality is strongly affected by the quality of
the SuSica surface water and the amount of water inlet to the water plant.

Generated sludge should be used as compost, but only after metal
removal with zeolites and maturation.
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The minimal conditions for composting are also tested and provide
the opportunity to use treated sludge as compost for growing Coriandrum
sativum.
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Peswome:

BeedeHue/uenb: KoHueHmpauyusi  npupoOHbIX  OpeaHU4Yeckux U
Heopa2aHU4YecKux npumeced, buonoeuyeckux sudos u
MUKpPOOp2aHU3Mo8 8 Mo8epxHOCMHbIX 800ax ucmoka peku Cywuuya
usmeH4uea. Oma eo00a 3ameHuna 600y u3 o03epa Bpymuu, Ha
Komopyro cunbHO noenusina  aempocgpukauus. [aHHbie  800bI
Hy>K0armcsi 8 04UCMKe 0m 3a2PsI3HEHUS C MOMOWbIO KOaz2yrsaHImos u
nonuanekmponumos. Llenbto uccrnedosaHusi S8SAMUCL:  YilyHWweHUe
OYUCMKU  MOBEPXHOCMHBLIX 800  (Koazynauyus U rioKynsayus),
YMeHbleHUe Korudyecmea ura, oueHka e2o Kadecmsa, obpabomka u
fpuMeHeHue.

Memoodbi: PaspabomaHb! (bU3UKO-XUMUYECKUE MemoObl orpederieHuUs]
rnapamempos Kadecmea 800bl, uria U Komrnocma. Wccnedyembie
napamempsl:  MymHocms, pacxod KMnO, memannsl, obwul
opaaHu4veckull yarepod, obwuti asom u xropoghusis.

Pesynbmamesl: Kayecmeo noeepxHOCMHbIX 800 CUMbHO enusiem Ha
codepxaHue ocadka. KoHueHmpauuss memarioe 8 usie cocmaesnsem;
72200 meke-1 Al, 8550 meke-1 Fe, 106 meke-1 Zn. [lapamempsbi
Memarnsnos, npesbiwarouue npedesnsHo-00MyCmuUMyo KOHUeHmpauur 8
gode: Ni 169 meke-1, Cr 69,5 meke-1, Pb 5,7 meke-1 u OormkHbI 6bimb
CHUXeHbl 3a cyem uyeonumos. KoHueHmpauuu «rumamesibHbIX
sewecmey: 697 meke-1 P, 297 meke-1 K, 9,6 meke-1 obwezo azoma, 274
Me-K2 pacmeopeHHO20 opeaHuyecko2o yenepolda. Eserihia coli u
Salamonella Heobxodumbi 05151 IpeobpasosaHus uia 8 KOMIIoCMm.

Bbigodbl: [locrie co3pesaHusi KOMIAOCM MOXHO Ucrofib3osams Oris

ebipawusaHusi Coriandrum salivum. B cnedyrowem uccrnedogaHuu
OaHHasi cmpameausi 6ydem nNPUMeHSIMbLCS M0 OMHOWEHUO K 800e U usy

u3 o3epa Bpymuu.

Knovesble criosa: nosepxHoCcmHbIe 800bl, MPOMOK 800bl, Koagynayusi,
riokynayus, us, Komrnocm.

YHAMPEBEHU NMPOLEECU XEMWNJCKOIr TPETMAHA BOJE U3
PEKE CYWWLE Y 3NATUBEOPCKOM OKPYTY N NMPUMEHA HEHOI
MYJTbA

Mupjara P. Lisnjosnh®, ayTop 3a npenucky, Muropad P. Mypwh6,
Briaduya B. Yyouh®

@ YuusepauTteT y Beorpaay, MeanumHckn dakynteT, HCTUTYT 3a
MUKpoGuronorujy n nmyHonorujy, beorpag, Penybnuka Cpbuja

® AkafileMuja CTPYKOBHUX CTyaunja 3anaaHe Cp6uije,
Yxuue, Penybnuka Cpbuja

® PWW noo, KaHuenapuja Beorpaa, Beorpaa, Peny6nvka Cpbuja

OBJIACT: xemujcke TexHonoruje
BPCTA YJTAHKA: opyruHanaH Hay4Hu pag
JE3VWK YJTAHKA: eHrnecku
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Caxemak:

Yeod/yurb: Y nospuwuHckoj 8odu u3eopuwima peke Cywuue eapupa
KOHUeHmpauyuja rpupoOHUX Op2aHCKUX U HeopaaHCKux He4yucmoha,
buornowkKux epcma u MukpoopzaHu3ama. Oga eola 3aMeHusna je 800y U3
Jjesepa Bpymuu, Ha Kojy je CHaxHO ymuuarna eympogpukayuja. Tum
so0ama HeONnxoOHO je yKnamame 3azalfjusaya KoacynaHmuma u
nonuenekmponumom. Lurb ucmpaxusara 6uo je da ce noborbwa
mpemmaH rnospuUHcKe 800e (Koasynauuja u brioKynayuja), cmaru
KOMUYUHa Mysba, NPOUEHU He208 Kearumem, mpemmaH U rMpumeHa.

Memode: ®usuuko-xemujcke memole pa3ssujeHe cy 3a odpehusare
napamemapa Kkeanumema e8ode, Mysba U Komriocma. Tu rnapamempu cy:
3amyherocm, nompowra KMnO,, memaru, yKyrnHuU Op2aHCKU yerbeHUK,
YKYMHU a30m u Xriopoghurt.

Pesynmamu: Keanumem riogpuwuHcKe 800e y8esuKko ymuye Ha cadpxaj
myrba. KoHueHmpauuje memana y mysby cy: 72200 meke-1 Al, 8550 meke-
1 Fe, 106 meke-1 Zn. Memarnu rnipeko makcumariHe epaHuue cy: Ni 169
meke-1, Cr 69,56 meke-1, Pb 5,7 meke-1, u mopajy ce pedykosamu
3eonumuma. KoHueHmpauuje ,xparmugux cacmojaka” cy: 697 meke-1 P,
297 wmeke-1 K, 9,6 meke-1 ykynHoe N, 274 wmeke-1 pacmeopeHoe
opaaHckoz yarbeHuka. Eserihia coli u Salamonella 6umHe cy 3a
rpemeaparbe MyJsba y KOMIocm.

Bakrpyyqak: HakoH ca3pesarba KOMIOCm ce MOXe Kopucmumu 3a 2ajeHe
Coriandrum salivum. Y HapeOHom ucmpaxuearby oga cmpameeuja he ce
npumeHuUmMu Ha 80dy U Mysb U3 jesepa Bpymuu.

KbyuyHe pedu: nospwuHcka eo0a, fnpomoK eode, Koaayrnauuja,
¢rioKynayuja, marsoe, KoMrnocm.
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Abstract:

Introduction/purpose: Cobalt is a strategic metal for industrial application.
Cobalt recovery from oxidic ores such as laterite and sulphidic ores, and
from secondary materials during acidic treatment and precipitation is a
highly used strategy ensuring different products such as cobalt hydroxide,
cobalt oxide, and finally metallic cobalt.

Methods: Familiarity with cobalt behavior in hydrometallurgical processes
such as dissolution at atmospheric and high pressure, precipitation,
neutralization, filtration and hydrogen reduction is most important for cobalt
recovery from ores and secondary materials. Pyrometallurgical methods
such as roasting and flash smelting are applied for the treatment of
Sulphidic ores combined with solvent extraction and electrolysis in order to
obtain cathodic cobalt.

Results: Powders of nickel-cobalt hydroxide were obtained from ores
using sulphuric acid under high pressure in an autoclave and after
precipitation with MgO. Solvent extraction was used to separate cobalt
from nickel. The final step of cobalt recovery from a solution is using
electrolysis. Cobalt and cobalt compounds such as cobalt carbonate and
cobalt hydroxide can be obtained from secondary materials in
hydrometallurgical operations.

Conclusion: Hydrometallurgical and pyrometallurgical processes are
mostly applied for cobalt recovery from primary ores (oxidic and sulphidic
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compounds) and from secondary materials (cemented tungsten carbide,
polycrystalline diamond blanks, and waste cathodic materials from lithium-
ion batteries).

Key words: cobalt, hydrometallurgy, cobalt hydroxide, powder,
recycling.

Introduction

Cobalt, an element with atomic number 27, is a ferromagnetic
transition metal located between iron and nickel in the periodic table of
elements. Because of its application in lithium-ion batteries, cemented
carbides and catalysts, and high demands in future, cobalt belongs to
critical metals. The latter has especially influenced several worldwide
economies due to a rising demand for electric mobility and green energy
buffering (Wang, 2006, pp.47-50). Future demand for cobalt is likely to
increase - even the importance of cobalt recycling — not only because of
cobalt positive influence on wear resistance and thermal stability of
superalloys and cemented tungsten carbides but also due to its value
and rising demand in the field of advanced alloys, entertainment
electronics, and Li-ion battery technology.

Cobalt production processes are usually energy-intensive because
cobalt often comes as a passenger in copper and nickel bearing ores and
has to be refined and purified by the methods of successive solvent
extraction, electrowinning, and/or precipitation, for instance (De Graaf,
1979, pp.47-65).

Another aspect of cobalt is the location of resources versus the
location of production. In most cases, production sites are far from mines.
For example, while large quantities of cobalt are mined in the Democratic
Republic of Congo in the form of Coltan (columbite-tantalite, linked to
conflict minerals) the metal is produced in China, Finland or Norway.
Long supply chains and socioeconomic issues have already contributed
to smuggling and armed conflicts connected to the value of cobalt in the
past and present times (Wakenge et al, 2018, pp.497-522).

Cobalt is usually available in lateritic ores with approx. 0.1-0.2 %
(Moskalyk & Alfantazi, 2002, pp.593-605). Processing of lateritic nickel
ores was performed in an electrowinning process for metal winning.
Studies on the kinetics of dissolution of the Nigerian lateritic soil in acid
media including hydrochloric, nitric and sulphuric acids have been
undertaken (Olanipekun, 2000, pp.9-14). The elemental and
mineralogical characterization, the loss of mass on ignition, the moisture
content and the pH value of material suspension in water were
determined in order to study the content of nickel and cobalt with
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impurities. The effects of the acid concentration, the process temperature,
the stirring rate and the particle size on the dissolution rate were
investigated. Experimental results indicated that laterite dissolution was
greatly influenced by hydrogen ion concentration and the leaching data
fitted a diffusion model.

Beneficiation of laterites to enrich cobalt, besides recovery of
associated chromite, is not only important to countries totally devoid of
nickel bearing sulphides but is also of a significance to other countries,
since laterites account for a greater percentage of these metals in the
world (Narasimhan et al, 1989, pp.425-429). Unfortunately, primary
resources were highly treated in the last century and connected with
environmental problems and high production costs. On the other hand,
small amount of cobalt in primary ores and their very complex
mineralogical and chemical compositions are the reason for using
secondary materials in cobalt recovery. Therefore, recycling is a chosen
strategy for metal recovery in contrast to traditional primary metallurgy
(Stopi¢ & Friedrich, 2016, pp.1033-1047). The recycling of cemented
carbide WC-Co was performed using dissolution with nitric acid and
subsequent ultrasonic spray pyrolysis (Glrmen et al, 2006, 1882-1890).
An increase of ultrasound frequency from 0.8 to 2.5 MHz decreases an
aerosol diameter of cobalt nitrate to 2.2 ym, which leads to the formation
of submicron particles after drying and precipitation in a furnace above
500°C in hydrogen atmosphere.

Other important secondary materials for recovery of cobalt are waste
nickel metal hydride and lithium-ion batteries (Muller & Friedrich, 2006,
pp.1498-1509). The recycling processes of waste Li—ion batteries were
performed using three strategies: pyrometallurgical, hydrometallurgical,
and pure mechanical treatment (Georgi-Maschler et al, 2012, pp.173-
182). More than 10 companies are recycling thousands of metric tons of
spent portable and industrial Li—ion batteries annually. The companies,
such as Umicore (Belgium), Xstrata Nickel (Canada), Accurec (Germany),
Inmetco (USA), S.N.A.M (France) and Sony-Sumitomo (Japan) use the
pyrometallurgical strategy as the main recycling process to recycle
rechargeable portable and industrial Li—ion batteries also including NiMH
and NiCd batteries. Valuable metals, such as Co and Ni, are fully
recovered in the form of alloy at high temperature in contrast to Al, Li and
Cd, which stay in slag or flue dust (Wang & Friedrich, 2015, pp.68-178).

The third secondary material for recovery of cobalt is polycrystalline
diamond (PCD) in blanks. Diamond is the hardest material put to use on
commercial and industrial scales. It is used, for example, for working
edges of cutting tools or for grains in the hardest abrasives. Due to
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advancements in the field of high strength steels and super alloys, the
demand for hard cutting and forming tools is highly increased (Strong &
Chrenko, 1971, pp.1838-1843). Industrially used diamonds can be found
in the form of a naturally grown and mined crystal or as a man-made
product with mono- or polycrystalline microstructure. PCDs are made at
high temperature and during a high pressure process which requires
cobalt (Co) as a solvent catalyst. Cobalt is incorporated in the final
product resulting in a multi-phase-compound that is PCD. This
multiphasic character renders PCD vulnerable to thermal stress since
cobalt and diamond have different thermal expansion coefficients. The
only way to make these PCDs stable for industrial applications at high
temperatures, such as hot forming of metals, is to remove inclusions from
the cavities in the framework of diamond grains. This study will include
some results concerning an optimization of the leaching process of cobalt
from polycrystalline diamond blanks using a conventional leaching
method augmented with ultrasound.

The main purpose of this study is to present some processes and
results regarding cobalt recovery from primary materials (lateritic and
sulphidic ores) and secondary materials such as WC-Co, lithium-ion
batteries and polycrystalline diamond blanks.

Thermochemistry of cobalt dissolution in acidic
medium

The Pourbaix diagram (potential Eh-pH) of cobalt in water solution at
room temperature confirms the presence of cobalt in the form of Co?* and
Co*"in the pH-area below 0 (very acidic systems), as shown in Figure 1.
At an ?i’ncreased potential between 2.0 and 3.0 V, cobalt is available only
as Co”".

Huang et al (2004, pp.77-90) conducted experiments on the
precipitation of cobalt and molybdenum from effluents and used HSC
software to compute potential-pH-diagrams for the system Co-H,O at
temperatures of 20°C, 40°C, 60°C, and 80°C. An increase in temperature
did not show any influence on the presence of cobalt-ions. Using a
mixture of hydrochloric acid and nitric acid (“aqua regia”), namely without
external potential, Eh = 0, and at pH values close to zero, the stable form
of cobalt is a divalent cation within this temperature range. It was
reported that the equilibrium for this reaction should be on the right side
of the balance, since the divalent cobalt cation is a stable form at pH<<1
and without external potential. In many cases, the most cost- and energy-
efficient way to extract metal from gangue or scraps is to oxidize and
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dissolve it in a leaching solution, which means this method is useful for
hydrometallurgical treatment as well as recycling.

Eh (Volts) Co-Cl-H20-System at25.00 C
3.0 ; ; ; ; ; ; ; ; ; ; ;
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Figure 1 — eH-pH diagram of Co-CI-H20 at 25°C
Puc. 1 - lNomeryuan — pH duaepamma e cucmeme Co-Cl-H20 Ha 25°C
Cnuka 1 - lNomeHuyujan — pH dujagpam y cucmemy Co-CIl-H20 Ha 25°C

Regarding cobalt leaching, Han & Meng (1993, p.709) found that
cobalt dissolution is dependent on diffusion while the dissolution of
divalent oxides is reaction controlled. They reported that the leaching rate
of cobalt is generally faster than that of their respective oxides.

Cobalt extraction refers to the techniques used to extract cobalt from
its sulphidic ores (cobaltite) and oxidic ores (nickel laterite) based on final
separation of cobalt from copper and nickel and other elements. The
chosen processes for cobalt recovery from primary and secondary
materials are presented in this review.

Recovery of cobalt from primary materials

Recovery of cobalt from complex sulfidic concentrates

Over 91 % of cobalt and 84 % of copper were recovered from
cobaltite concentrate by a process that included: 1) Oxidative pressure
leaching, 2) Jarosite precipitation, 3) Ferric arsenic precipitation, 4)
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Selective solvent extraction of copper with a mixed hydroxyamine-
extractant, 5) Electrowinning of copper from recirculating acidic strip
liquor, 6) Selective solvent extraction of cobalt from copper solvent
extraction raffinate with an alkyl phosphinic acid extractant, and 7)
electowinning of cobalt from recirculating weak acidic strip liquor
(Dannenberg et al, 1987, pp.1-20). The electrowon copper was 99.89 %
pure, and the electrowon cobalt was 99.8 % pure, as shown in Figure 2.

T == 0rganic flows
I

S 1 10-pct Spent
pc
,' Aqueous : Na,COy | NazCO,
| feed ! T
|
| | !
| ———| Exiraction, —" Raffinate HCNX
: 4N NoOH—={ 2 stages |e— conversion fo
I T NaCNX
1 . i H
H Loaded organic I | !
' phase | |
| : ‘
I Scrubbing, Acid
Il 4N HpS04 ' | stage  |le— neutralization
I 1
+ | Recycled
| Scrubbed organic ! elecirolyfe
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I
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I
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I
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I I stream
| L]
I Zinc
: AN HyS0,—™ stripping, KEY
| = i stage — Agqueous flows
I
I
I

Figure 2 — Conceptual flow diagram for cobalt solvent extraction and electrowinning
Puc. 2 — KoHyenmyarnbHas OuagpaMma 3Kempakyuu kobanbma e pacmeope u
U3e/1e4YeHUs 3/1eKMPOIUMUYECKUM rymem
Cniuka 2 — KoHyenmyanHu dujazpam moka rpou3eodre kobanma rnomohy pa3dsajar-a
MeyYyHO-MeYyHO U efleKmporsu3e

The cobalt solvent extraction with its many recicirculating streams
takes more time at steady state conditions, where any bildup of impurities
in these streams can cause serious problems. These batch experiments
have confirmed that scale-up is possible only by using a continuous feed
reactor.
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In the Sheritt-Gordon process of nickel, sulfide concentrates can
firstly be treated by either roasting or flash smelting to produce matte
from which nickel and cobalt can be recovered hydrometallurgically, or
they may be treated by an ammonia solution pressure leach. The
chemistry of the ammonia pressure process for leaching Ni, Cu, and Co
from Sherritt Gordon sulphide concentrates was described by the
laboratory and pilot plant studies carried out by Sherritt Gordon Mines
Ltd., Metallurgical Research Div. (Forward & Mackiw, 1955, pp.457-463)

Bioleaching of cobalt from an arsenidic ore is a new reseach subject,
where an addition of citric acid can improve cobalt liberation and result in
a more stable activity. In Australia, the BIOX-process was developed
regarding the tank bioleaching of sulphidic concentrate.

Meta Nickel Cobalt Process for the treatment of lateritic
ores, Turkey

Turkey Meta Madencilik Ltd. $ti. was founded in 2000 by a group of
professional engineers and it developed Turkey’s first nickel-cobalt
project from lateritic ores with approx. 0.1-0.2 % Co. The following
operations are used: 1) Ore preparation and classification of ore
particles, 2) High Pressure Acid Leaching (HPAL) -a leaching method to
extract nickel and cobalt, 3) Primary Iron Removal & Re-Leach Area
Solid Liquid Separation (CCD or SX), 4) Secondary iron removal
(secondary neutralization), 5) MHP (Mixed Hydroxide Product)
Precipitation-1, 6) MHP (Mixed Hydroxide Product), Precipitation-2, 7)

Manganese removal, and 8) final neutralization.
Meg0

K —h ]
L:T%—/J m,é.
==

Pressure acid leach wl' MHP precipitation

autoclaves L\v’-—]+
(HPAL)

CCD circuit for solid

impurity removal

Acid, Steam

Ore

Figure 3 — Flowchart of the META Cobalt Nickel Process
Puc. 3 - Cxema META Cobalt Nickel Process
Cnuka 3 — lllema 3a META Kobalt Nikal Proces
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Recovery of cobalt from secondary materials

Treatment of cemented tungsten carbide

The chemical composition of cemented tungsten carbide used in this
work was as follows (wt %): 75.86 W, 8.14 Co, and 6.07 C. The process
used is shown in Figure 4.

Hard metal scrap

|

Grinding and

Screening "

Scrap . Scrap
{< 80 micron) (> 90 micron)

Leaching
@25°C,2h,05M
HNO, , 800 U/min,

1A0 ;S

Solid - Liquid
Separation

Cobalt - Solution

Solid Residue Hard Metal
WwWC, TiC Industry or PM

—H:-l' Ulirasonic
—2y, |Spray Pyrolysis » Cobalt

Solution

Manosized Cobalt
Powder

Figure 4 — Recovery of cobalt from cemented tungsten carbide
Puc. 4 — UzsneyeHue kobanbma u3 yeMeHmupogaHHo20 kapbuda sonbpama
Crniuka 4 — U3dsajarbe kobanma u3 yemeHmupaHoz gongpam kapbuda

After grinding and sieving, the chosen fraction below 90 pm was
treated with nitric acid. The leach solution of nitric acid leaching of
cemented tungsten carbide scrap was used as the starting material for
this strategy. After leaching and purification of the cobalt-nitrate solution,
the final concentration of cobalt amounted to 0.08 mol Co/l. This solution
was used for cobalt production by the ultrasonic spray pyrolysis (USP)
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method in hydrogen atmosphere after leaching and the purification of
cobalt-nitrate solution was used for cobalt production by the ultrasonic
spray pyrolysis method in hydrogen atmosphere. The particle size of the
produced cobalt powder can be controlled by the change of reaction
temperature. Partly-agglomerated spherical cobalt particles with a mean
diameter below 500 nm were obtained at 800°C using a concentration of
cobalt nitrate of 0.4 mol/l, as shown in Figure 5.

Figure 5 — Cobalt powders obtained at 800 °C, C =0.04 mol/l by USP
Puc. 5 — Kobanbmosbie nopowku, nony4eHHbie rnpu 800 ° C, ¢ = 0,04 monb / 5,
ynbmpas8yKoebIM pacriblieHueM pacmaopa
Cnuka 5 — lNpaxosu kobanma dobujeHu Ha 800°C, ¢=0,04 mol/l, ynmpa3gy4yHUM
pacripwusarem pacmeopa

Hydrometallurgical treatment of polycrystalline diamond
(PCD) blanks with a grain size of 5um

This strategy developed at the RWTH Aachen University focuses on
polycrystalline diamond blanks made by Redies Deutschland GmbH &
Co. KG, Aachen a manufacturer of wire drawing dies. Cobalt is
incorporated in the final product (max. 1.6 % Co) resulting in a multi-
phase-compound. This study was performed at between 60°C and 80°C
aiming at optimizing the process of leaching cobalt and cobalt
compounds from polycrystalline diamond blanks using the mixing of nitric
and hydrochloric acid (aqua regia) in a conventional leaching method
augmented with ultrasound. The reactor used is shown in Figure 6. The
experiments were carried out in two reactors simultaneously set up in a
fume cabinet. The reactor vessels were three-necked round bottom
flasks with a capacity of 500 ml. Below the aforementioned setup,
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ultrasonic baths of Bandelin Sonorex RK 52H type were placed on the
lab jacks so they could be lowered for sampling and batch changes. This
arrangement made disassembly easier and did not require readjusting
the upper structure with every batch change. These ultrasonic baths
have an effective nominal frequency of 35kHz and 60W output while their
maximum power output is in the range of 240W. Ultrasonic irradiation,
solid-to-liquid-ratio, temperature and particle size are the varying
parameters in this study. Ultrasound has been found to enhance leaching
processes and is varied from zero to intermittent to permanent. The
results from this study have suggested that the leaching of used fraction
does not require 80°C bath temperature but can be done at 60°C.
Ultrasound can accelerate the leaching process so much that PCD can
reach a desaturated state with less than 10% of metallic inclusions
remaining after three to four days if they are leached at low solid-to-
liquid-ratios close to 15g/L.

stirrer: 200/min
Argon — offgas
0.5 L/min (to gas washing bottle)

l PTFE stirrer seal

reaction vessel:

0.5L round glass flask
three parallel necks
all NS29/32
aqua regia 3:1
PCD blanks
~= tap water
L )
Bandelin 'Sonorex RK 52H'
f: 35 kHz | Weff: 60W

Figure 6 — Reaction vessel in an ultrasound bath
Puc. 6 — PeakyuoHHbIl cocyd 8 ynbmpa3eyKkoeoli 8aHHe
Cnuka 6 — PeakyuoHu cyd y ynmpa3sgy4YHoM Kyrnamusy
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Some problems are present since the mixing of aqua regia involves
volatile or gaseous species such as chlorine gas or hydrochloric vapor. It
is possible that hydrochloric acid evaporated rapidly from the hot freshly-
mixed solution while also forming NOCI. Applying neutralization with
NaOH at the end of the experimental setup can solve this problem. The
scale-up of this process can be a challenge in the future work.

Highly efficient hydrometallurgical recycling process for
automotive Li-ion batteries

A highly efficient hydrometallurgical recycling process including pre-
treatment for used automotive Li—ion batteries has been developed at the
RWTH Aachen University, showing the possibility of using a unique
process to recover high-grade graphite, cathode metal salts and lithium
carbonate, as shown in Figure 6.

Electrode powder
Li, Co, Ni, Mn, Cu, Al, Fe, C
H.S0, or HCI
» Leaching F———> Graphite
H,0,
v
Fe Cu . —— Cucement
powder cemeritatmn
. Al, Fe Al(OH);,
Alkali+H,0, precipitation FeO-OH (Goethite)
NaQH/
5| Co, Ni, Mn Cathode metal
NagCO,/ co-precipitation (Co, Ni, Mn) salts
Na.S
Li,CO;

r Na,CO, crystallisation Li,CO4

Raffinate
(Li, Na, SO,2 or CI, CO32)

Figure 7 — Developed hydrometallurgical recycling process for Co (Wang & Friedrich,
2015, pp.168-178)
Puc. 7 — PaspabomaHHbIl cudpomemariypaudeckuli npouecc nepepabomku Co (Wang
& Friedrich, 2015, pp.168-178)
Cnuka 7 — PassujeHu xudpomemaistypuKu Mpoyec 3a peyuknupare kobanma (Wang &
Friedrich, 2015, pp.168-178)
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The chemical composition of the electrode powder is assayed by the
ICP—OES method, showing very high Co and Ni of about 22 and 9.9 %,
respectively. Al, Fe, Mn and Cu have low content values, in the range of
0.2-1.18 %. The cathode metal (Co, No, Mn) compounds such as
carbonates, sulphide and hydroxides are very valuable products obtained
from this precipitation process. The recycling rates of Co, Ni and Mn can
reach 95 % in the developed hydrometallurgical process. Regarding the
application, the cathode metal salt could serve as a raw material
(precursor) to prepare a new cathode material.

Potential-controlled selective recovery of manganese and
cobalt from a cobalt slag leaching solution

Cobalt separation from other metals was usually performed using
solvent extraction. Another strategy is a method based on an
electrochemical study where manganese and cobalt were selectively
separated from zinc in a leaching solution of cobalt slag by potential-
control oxidation with ozone as shown in Figure 8.

Leaching solution of cobalt slag

v

Ozone —™| Oxidation-precipitation of manganese % Oxygen

v

Centrifugation l

!

Solution with manganese separated Manpanese precipitate

'

Ozone —®| Oxidation-precipitation of cobalt [ Oxvygen

'

Centrifugation l
electrowinning ~ #4— Purified zinc sulfate solution Cobalt precipitate

Figure 8 — Flowsheet of the two-stage method for manganese & cobalt recovery by ozone
(Tian et al, 2017, pp 201-206)
Puc. 8 — [isyxcmyneHyamsili Memod u3eriedeHus: MapeaHya u kobasbma ¢ noMoulbo
o3oHa (Tian et al, 2017, pp 201-206)
Cnuka 8 — [JeocmeneHu Mmemo0 3a u3deajat-e MaHzaHa u kobasma Kopuwherwem 030Ha
(Tian et al, 2017, pp 201-206)
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When ozone was pumped into the solution in ordert o increase the
oxidation potential, manganese (ll) was oxidized and precipitated firstly,
and then cobalt(ll) was separated from the solution in the same way.
Partial zinc was lost in the precipitates in the form of encapsulated
inclusions. The effects of the dilution rate, the solution pH value and the
system temperature on the manganese and cobalt separation were
investigated, and high-grade cobalt precipitate and highly purified liquid
were obtained in certain conditions.

Conclusion

Hydrometallurgical and pyrometallurgical processes are mostly
applied for cobalt recovery from primary ores (oxidic and sulphidic
compounds) and from secondary materials (cemented tungsten carbide,
polycrystalline diamond blanks, waste cathodic materials from lithium-ion
batteries and slag from zink metallurgy). Hydrometallurgical operations
such as dissolution at atmospheric and high pressure, precipitation,
neutralization, filtration and hydrogen reduction are most important for
the recovery of cobalt from secondary materials. Additionally, ultrasonic
spray pyrolysis with hydrogen reduction leads to the formation of
nanosized cobalt powders. The final product of the acidic leaching of
lateritic ores under high pressure in an autoclave after precipitation and
filtration is mixed nickel-cobalt hydroxide. The influence of the
parameters such as temperature, solid/liquid ratio, pressure, acid pH-
value and concentration is of high importance for the reaction kinetics.
The techniques for cobalt separation from other elements such as nickel,
manganese, and zinc are solvent extraction and potential-controlled
selective leaching and precipitation. Finally, the main advantages of
cobalt recovery from secondary materials are higher content of cobalt
(approx. 1 to 20 % in contrast to 0.1-0.2% in ores), higher selectivity, and
a smaller number of required operations. However, these recycling
processes are not industrially developed in comparison to traditional
primary metallurgy. Therefore, the scale-up of these processes is a big
challenge in future.
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M3BJIEYEHNE KOBAJIbTA N3 NMEPBUYHbLIX N BTOPUYHbLIX
MATEPWAJOB - OB30P

Cpeuko P. Ctonny, koppecnoHAaeHT, bepHO . Ppugpumx

TexHnyeckuii yHmBepcuTeT ropoga AxeH,

WHCTUTYT MeTanmnypruyecknx npoLeccoB 1 peLuKnMpoBaHusi MeTarnros,
AxeH, ®epepaTtnsHan Pecnybnuka MepmaHus

PYBEPUKA TPHTW: 61.13.21 XuMmnyeckne npouecchl
BWO CTATbW: o630pHas ctaTbs
A3bIK CTATbW: aHrnuickmin

Pe3swome:

BeedeHue/uenb: Kobanbm siensgemcsi cmpameaudeckum Memarsiiom 8
MPOMbILWNIEHHOM MPUMEHeHUU. U3enevyeHue kobarbma U3 OKCUOHbIX
pyd, makux Kak namepumHbie U CynbguOHble pydbl, @ makxe u3
8MOPUYHbLIX Mamepuasios 80 8peMsi KUC/IOmMHOU obpabomku U
ocaxOeHuUsi  S18/15emcsi  WUPOKO  UCMOMb3yeMbiM — Memodom,
obecriequgarowuM MoslydeHue passiuyHbIX COeOUHEeHUU, maKux Kak
2udpokcud kobanbma, okcud Kobanbma u Mmemarsnnud4yeckuli kKobasbm.

Memodbi:  [udpomemarnypaudeckue  MNPOUECCh,  MmaKkue  Kak
pacmeopeHue npu  ammMochepHOM U  8bICOKOM  OasfieHuu,
Heldmparnu3ayusl, ocaxdeHue U  u3ereyeHue  8000POOOM,
ucrionb3oeanuchb Ons  ebluenadyueaHuss Kobambma u3 pyd u
8MOpUYHbLIX  Mamepuarsnos. [lupomMemarnnypaudyeckue npoyeccsl,
makue Kak o0bxue U aemoz2eHHasi rnaeka Ccynb@uiHbIX pyo,
coyemarnuchk C aKcmpakyuel pacmeopumesieM U 3/1eKmposu3omM npu
rosny4YyeHUU kamoOHO20 Kobasibma.

Pesynbmamsi: lNopowku audpokcuda HUKensi u kobanbma nosy4YeHbi U3
pyObi C UCMONb308aHUEM CEepPHOU KUCIIOMbI MU 8bICOKOM OaerieHuUuU 8
asmokrnaee U ocaxd0eHueM OkcudoMm MazHus. Hukenb u kobarbm
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pasfensanu € rnoMowpbio aKcmpakyuu pacmeopumesieMm. KoHeYHbIl
pacmeop ¢ KobasibmoM UCobL308au 8 Mpoyecce ariekmposnu3a ons
ronyqyeHuss kobanbma. Kobarnbm u e20 CoedUHeHus, makue KaK
KkapboHam kKobarnbma U eaudpokcud Kobarbma, [Ofy4YeHbl U3
8MOPUYHOZ0 ChIPbSI C MOMOWbI0 2UGpPOMemariypauYeckux onepayud.

Bbigodbl:  [udpomemannypaudeckue U nupoMemarnnypaudeckue
rpoyeccbl 8 OCHOBHOM Uucrionb3yromesi Onsi ebidesieHUsi kobanbma U3
nepeuYHbIX pyd (OKCUOHbLIX U CYrbGhUOHbBIX COEOUHEHUU) U 8MOPUYHbIX
Mamepuarsos (ueMeHmMuUposaHHbIe Kapbuodbi 8oribhpama,
ronuKpucmarsudyeckue asnmasHble MnacmuHbl U Omxo0bl KamoOHbIX
Mamepuaros JUMmul-UOHHbIX aKKyMyJsisimopos).

Kniouesblie cnosa: kobanbm, eaudpomemarnnypausi, 2udpoKcud
kobanbma, MopowoK, emopuyHas nepepabomka.

M3OBAJAHE KOBANTA U3 MPUMAPHUX N CEKYHOAPHUX
MATEPWUJANA - MPETTIEQ

Cpehko P. Ctonuh, ayTop 3a npenucky, bepHd I'. ®puapnx
TexHuukn yHuBepsunTeT y AxeHy, IHCTUTYT 3a npouecHy meTanyprujy un
peunknupare meTtana, CasesHa Penybnuvka Hemauka

OBNACT: xemujcke TexHomnorunje
BPCTA YJ1IAHKA: npernegHu pag
JE3VK YJTAHKA: eHrnecku

Caxemak:

Yeod/uyurb: Kobanm je cmpameaujcku memari y UHOYCMPUJCKOJ MPUMEHLU.
Hbezo60 u3deajaH-e U3 OKCUOGHUX pyda, 38aHUX nnamepumu, U cyrighudHUX
pyda, Kao U CeKyHOapHUX Mamepujania mpemupareM KUCETUHOM U
npeyunumauyujom Hajdewhe je kopuwheH memod kKoju o0b6e3behyje
pasnudume npodykme Kao wmo cy kobanm xudpokcud, kobanm okcud
umemarHu kobanm.

Memode: Xudpomemarnypwku npoyecu, Kao Wmo Cy pacmeapare rnpu
ammocghepcKom u 8UCOKOM npUMUcKy, Heymparsnu3sayuja,
npeyunumauyuja u pedykyuja 8000HUKOM KOpuwheHU cy 3a u3deajar-e
kobanma u3 pylGa u cekyHOapHUx Mamepujana. [lupomemanypuwku
fpoyecu, Kao Wmo Cy npxere U aymo2eHO Morsbere CyrichudHUX pyoda,
KOMBUHOBaHU Cy ca COJIBeHM EeKCMPaKUujoM U efiekmporu3omM 3a
Oobujar-e kamodHoe Kobanma.

Pesynmamu: lNpaxosu Hukan-kobanm xudpokcuda dobujeHu cy u3 pyda
Kopuwherem CyMINopHe KUCeSUHE pu 8UCOKOM rPpUMUCKY y aymokrasy
u npeyunumayujomM ca MagHesujym okcudoMm. Hukan u kobanm
pasdeajaHu cy kopuwherem corngeHm ekcmpakuuje. uHanHu pacmeop
ca kobanmom KopuwheH je y npouecy enekmposnude 3a 0obujare
kobanma. Kobanm u He208a jeQur-era Kao Wwmo cy kobanm kapboHam
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u Kkobanm xudpokcud 0obujajy ce u3 CeKyHOapHUX CUPOBUHa MOMORY
Xxudpomemarnypuwkux onepayuja.

Bakrbyyak: Xudpomemanypwku U nupomMemarypuwku rnpoyecu eehuHom
Cy NMpuMeH-eHuU 3a u3deajaH-e Kobasima u3 rnpumapHux pyda (okcudHa u
cyngpudHa jedurerba) U CeKyHOapHUX Mamepujana (UuemeHmupaHu
Kapbudu eoribpama, nonukpucmarnHe dujamaHmcke roduye u ommnadHu
KamoOHU Mamepujanu u3 iumujym- joHckux bamepuja).

Krby4re peuu: kobanm, xudpomemariypeuja, kobanm xudpokcud, npax,
peuuKnupar-e.
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Abstract:

Introduction/purpose: The paper indicates the radiation doses the military
personnel of the Federal Republic of Yugoslavia were exposed to, and in
particular the military personnel of the motorized brigades in the territory of
Kosovo and Metohia on the Albanian-Yugoslav border.

Methods: Gammaspectrometry measurements have confirmed that round
penetrators contained depleted uranium, and the presence of alpha, beta
and gamma radiation was determined by the method of dosimetric
measurement.

Results: The use of ammunition with U depleted uranium, with added
plutonium, pollutes the environment, water, and soil in the long term,
causing various disorders and diseases, primarily malignant ones. The
radioactivity of 239Pu, compared to its toxicity, is several thousand times
higher and the inhalation of plutonium dust is harmful and causes cancer.
Uranium is a pyrophoric metal, toxic, radioactive and easy to ignite. Its
oxides are toxic and partially soluble in water. After ignition, the round
releases radioactive aerosol particles which burn in contact with the air
causing short or long term damage wheninhaled. In Kosovo and Metohia,
a large amount of radioactivity was measured during the NATO
aggression against the FR Yugoslavia. In Metohia, radioactivity was 1,100
times that of natural background radiation.

Conclusion: During the war, the Army of the FR Yugoslavia was exposed
to high radioactive doses, so that among the members of the army after
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the war there was an increased incidence of various malignancies, many
of them lethal.

Keywords: chemical warfare, depleted uranium ammunition, increased
radioactivity, chemotoxicity, plutonium, exposure of the Army of the FR
Yugoslavia to radiation, disease, malignancy.

Introduction

The 78-day NATO aggression on the Federal Republic of
Yugoslavia in March 1999 represents one of the most shameful pages in
the history of international relations and the modern-day civilization of the
second half of the 20th century. It is a crime against peace, human health
and the environment. It caused an increase in various malignancies,
difficulty in conceiving, sterility,the number of miscarriages, thyroid
diseases, and an increased occurrence of asthma in children as well as
in the elderly.

The use of ammunition with depleted uranium caused a large
increase in various malignancies after the war, and thus the number of
deaths in the FR Yugoslavia during the aggression can be added to the
number of deaths which is increasing daily, since in most cases they died
from radiation. During the 1999 aggression against the Federal Republic
of Yugoslavia, enormous material damage and irreparable loss of life
were inflicted on people and the eco system. Besides the destruction of
cities and infrastructure by various missile types, a great tragedy was
caused by depleted uranium (DU) rounds (uranium depleted in #°U
isotope), fired from Gatling-type guns ofthe A-10 aircraft.

The exposure of the Army of the FR Yugoslavia and the civilian
population to radiation was particularly increased in the territory of
Kosovo and Metohia and southeastern Serbia, the surroundings of
Vranje and the near-by villages. However, the radiation from Kosovo and
Metohia also reached the surrounding countries, so Bulgaria and Greece
reported increased radioactivity in their countries. Radioactivity from
Kosovo and Metohia spread to other parts of the country, so the
incidence of various tumors throughout Serbia has increased.

By the decision of the Government of the Republic of Serbia, on
June 12, 2018, the Commission for Determining the Consequences of
NATO Bombing was formed in order to establish all relevant facts and
inform the public about it.
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Number of uranium depleted rounds fired on the
Federal Republic of Yugoslavia

The countries that directly attacked FR Yugoslavia were 228 times
larger than the FR Yugoslavia, had 67 times bigger population, their
economic potential exceeded that of Yugoslavia by 679 times, and they
were 37 times more technically superior. The exact number of fired DU
rounds will never be known, because NATO, and above all the USA,
keep this information secret; they do not want to admit how many
missiles they fired, as it would show that they had genocidal intentagainst
the Serbian (but also the Albanian) people. There are three reports on
the amount of depleted uranium ammunitionused during the 1999
aggression on the FR Yugoslavia:

- The first report is the one compiled by NATO, which states the
number of 31,000 missiles.

- The second is the report of the Army of the FR Yugoslavia,
according to which about 50,000 pieces of DU ammunition were fired,
and

- The third is from Russian sources which estimate that about
90,000 DU missiles were fired in the territory of FR Yugoslavia.

Most DU rounds targeted the territories of Kosovo and Metohia and
southern Serbia.

However, retired Major General Bozidar Deli¢, on the basis of his
observations while commanding the 549th Motorized Brigade in Kosovo
and Metohia, then in the rank of colonel, believes that the number of
used DU rounds is much higher. According to the General's estimate,
225 tons of depleted uranium were dropped on the territory of Kosovo
and Metohia. The Army of the FR Yugoslavia has data about
approximately 15 tons, which is almost 15 times less than the General's
estimation (Deli¢, 2019). The 549th Brigade, commanded by then-colonel
Bozidar Deli¢, and the 125th Motorized Brigade, commanded by then-
colonel Dragan Zivanovié, were located on the Yugoslav-Albanian
border. The 549th Motorized Brigade was stationed in Prizren and within
its area of responsibility was the territory of Pastrik, and in the area of
responsibility of the 125th Motorized Brigade, stationed in Kosovska
Mitrovica, was the territory of Ko3are.

The data collected by the FRY Army and the NATO data can be
summarized as follows: a total of 112 air strikes with DU ammunition
occurred at 91 locations, 12 strikes at 9 locations in the Republic of
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Serbia, 2 strikes at one location in the Republic of Montenegro and 98
strikes at 81 locations in Kosovo and Metohia.

In the south of Serbia, according to the data from the FRY Army,
four areas in Serbia were confirmed with recorded radiological
contamination. These are:

1. Pljackovica Hill — about four kilometers north of Vranje, DU activity
in soil samples 5.580 - 235.000 (Bq / kg)

2. Borovac - two locations southeast of Bujanovac for about six
kilometers, DU activity in soil samples 250 - 17.490 (Bq / kg)

3. Bratoselce — northeast of PreSevo for about 10 km, the activity of
DU in soil samples 1.800 - 23.400 (Bq / kg)

4. Reljan - two locations, east of Presevo for about 10 km, DU
activity in soil samples 70 - 200 (Bq / kg)

The Pljackovica hill top near Vranje where the relay station was
located, was hit by a large number of DU rounds. The base of the hill is
hard, rocky and made it possible for roundsto ignite and scatter
radioactive aerosol over long distances (Andelkovi¢-Luki¢, 2015a).

There are bigger or smaller differences (depending on the source)
between this and the data collected by the Army of the FR Yugoslavia,
but it is important to note that a total of 49 strikes (or 44%) of the DU
ammunition attacks were carried out after the agreement had been
reached to end the aggression, in the last 10 days of the war (Jovanovi¢
et al, 2012). Depleted uranium was used not only in 30 mm rounds but
also in cruise missiles (with 300 kg stabilizer rods). It is no accident that
Tomahawk cruise missiles are explicitly mentioned in the manual titled
"KFOR International Brigades West / MNB-W / Depleted Uranium /
Informatiom Book". They are used to destroy fortified concrete bunkers
and underground hangars (Accame, 2006, p.15).

Responsibility zone of the 125th Motorized Brigade

The area of responsibility of the 125th Motorized Brigade is shown in
Figure 1, marked in yellow. The combatants from the 125 Metohia
Motorized Brigade and the protective battalion that was part of the
brigade were exposed daily to heavy enemy fire. The task of the Defense
Battalion of the 125 Motorized Brigade was to protect Klina, Decani,
Srbica, and Vucitrn from possible attacks by the paramilitary-terrorist KLA
from the direction of Drenica, or the Ciavica mountain, where there was
a large concentration of terrorist forces. In addition to protecting civilians,
the task of the Defense Battalion of the 125 Motorized Brigade was to, in
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cooperation with the forces of the Serbian police, provide travel routes
and convoys carrying food stuffs. During the war, the Brigade was in
Metohia in the area of Kosovska Mitrovica, Drenica, Podujevo, Pe¢,
Dakovica, and Klina.

FR Yugoslavia
FR Yugoslavia

Nprurrusa

Albania

o

North Macedonia

B =

Figure 1 — Responsibility zone of the 125th Motorized Brigade (Purovi¢ & Petrusic,
2016, pp.137-138)
Puc. 1 - 3oHa omeemcmeeHHocmu 125-U Momopu3oeaHHoUl bpuzadsi (Purovi¢ &
Petrusi¢, 2016, pp.137-138)

Cnuka 1 — oHa odzoe8opHocmu 125. momopusosaHe 6puzade (Purovi¢ & Petrusic,
2016, pp.137-138)
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Figure 2 shows the sites in Kosovo and Metohia targeted by DU
ammunition, according to the NATO map. It is clearly shown that not only
the territory of Kosovo and Metohia was targeted but also the territory of
North Macedonia and Albania.
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Figure 2 — Sites in Kosovo and Metohia that were targeted by DU ammunition based on
NATO data (Ajdacic¢ & Jaksic, 2001, p.341)

Puc. 2 — Touku 6 Kocogo u Memoxuu, nopaxeHHble cHapsidamu ¢ 06e0eHeHHbIM ypaHoM
Ha ocHose 0okymeHmos HATO (Ajdaci¢ & Jaksic, 2001, p.341)

Cnuka 2 — Mecma Ha KuM koja cy 2afjaHa myHuyujom ca OY 6asupaHo Ha HATO
dokymeHmuma (Ajdacic & Jaksic, 2001, p.341)
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Figure 3 illustrates the deployment of the KFOR (International
Forces in Kosovo and Metohia) after the Kumanovo Agreement had been
signed.

Sector Ce
llntm5ﬂmmrces Finland cof
Sector North
French command

MpwiuTiana
I + o

MeljyraponHe TaKTHEKe CHare

Cextop 3anan l-hljwag:mermwa:etm :
HTanmj X3 KOMAHAS i ;
/ Intel at%rm'?actlca orces DUBCKS KOMAH LY E 7
Sector West —_— .
Italian command EwE MehyHapoaHe TaKTHKE CHare 3

— Cextop Metox
CranMaa
Mefysapogse TaKTHuKe CHare
Cexrop Jyr

JCR M OMaMLS
/ Intrﬁgﬁgr?gi Tactical Forces
Sector South

© Baze BCw MYN

[paaska rpasdua

O - FRrY Army bases and FRY police forces
___ state border

__administrative frontier

- - - - terrestrial safety zone

AASMAHHAC TRATHORD FPakAL

KonHena aona GedfegHocTi

Figure 3 — Deployment of international forces after the signing of the Kumanovo
Agreement (Ocic, 2019)
Puc. 3 — [ucnokayusi Mex0yHapoOHbIx cus rocre nodnucaHusi KymaHo8cko20
coenaweHus (Ocic, 2019)
Cnuka 3 — Pacrioped mehyHapoOHUX CHaea rocne nomnucusara KymaHoscko2
cropasyma (Ocic, 2019)

Figure 3 shows that the KFOR's Italian and French battalions were
deployed in the area that was within the area of responsibility of the
125th Motorized Brigade. Some members of the KFOR international
forces, soldiers from the Italian Battalion, fell ill with malignant tumours
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and many died after returning from Kosovo and Metohia. The surviving
soldiers sued the ltalian Ministry of Defense for failing to inform them of
the health hazards they might encounter in the field and the case
resulted in a verdict in their favour with adequate material compensation.
The positive court decision also applied to those soldiers who died and
had previously been in the wars in both Bosnia and Herzegovina and
Kosovo and Metohia (Tagliazucchi & Leggiero, 2019).

Characteristics of the 30 mm DU round for a Gatling gun

With its classic shape and appearance, the DU round belongs to
sub-caliber ammunition that penetrates without explosive, due to its
kinetic energy and mass, releasing high temperature.

It weighs about 727 g and consists of a cartridge case with initial and
propulsion charges for ejecting a DU projectile. Inside an aluminium alloy
casing, there is a DU core — cylindrical gray armour piercing penetrator
with a dominant presence of *®U.

The core contains 2.2 grams of titanium.

The diameter of the DU round penetrator is 16 mm and the length is
95 mm.

The DU core weight is 298 g and the calculated density is 19.05
g/cm3.

The total length of the DU projectile without a protective cap is 114
mm.

Figure 4 shows a round fired in the FR Yugoslavia in 1999. The
figure shows a complete DU round and a penetrator as well as a
damaged round casing. The DU round kinetic energy of 157 kJ
penetrates 60 mm thick armor at 500 meters and 38 mm thick armor at
1,000 meters. The nucleus is radioactive and emits 11,198 alpha and
35,914 low energy beta particles per second.

According to the report of the Nuclear Biological Chemical Defense
Department Expert Group of the Army of Serbia and Montenegro HQ, the
presence of alpha, beta and gamma radiation was determined by
dosimetry measurements. The reports from April 23, 1999 and May 21,
1999, of the Vin&a Institute of Nuclear Sciences, among other things,
stated: "Based on the results of gamma spectrometric measurements
and the identification of radionuclides present, it can be claimed with
certainty that the sample contains depleted uranium" (Jovanovié¢ et al,
2012, pp.37-41).
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In the case of touching apenetrator with bare hands,various
pathogenic changes occur on the skinafter only 80 hours.

Figure 4 — DU rounds used in the territories of the FR of Yugoslavia in 1999, exhibited at
the Military Museum in Belgrade
Puc. 4 — ®omoepagpusi cHapsidos ¢ 06edHeHHbIM ypaHoM, nopasuswux CP KOzocnasuto
8 1999 200y, ebicmaesneHbl 8 BoeHHOM my3ee 8 benepade
Cnuka 4 — Memak ca QY kojum cy eahaHu npocmopu CP Jyeocnasuje 1999. 2oduHe,
usnoxeH y BojHom mysejy y beoepady

Functioning of a depleted uranium round after hitting
a target

Depleted uranium has the same chemical properties as natural
uranium and is equally chemically toxic. Natural uranium has three
isotopes: ?**U, #°U, and #*®U. Their mass fraction in natural uranium is:
0.007%, 0.72%, and 98.28%, respectively. Only ?*°U is used for nuclear
power plants. 2°U is extracted from natural uranium to a content of 0.2 —
0.3%. and it is a by-product in the preparation of fuel for nuclear reactors
and nuclear weapons.

Therefore, >®U is uranium depleted in the 2**U content. Uranium is
pyrophoric metal, easy to ignite and radioactive. Its external radioactivity
is not significant, but the danger is high when inhaling or ingesting
combustion products after a round has hit a hard target.
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When DU projectiles hit hard targets releasing high temperature,
about 10% of the uranium penetrator burns into uranoxide and 70% goes
into the aerosol state, the remainder being larger round fragments
scattered around the impact site. When DU projectiles hit a hard ground
or an armored vehicle, uranium, being easily flammable, ignites at about
700°C and develops a temperature of 3,000°C, penetrating through the
hardest armor, and with a small proportion of added plutonium, the
temperature increases by another 400°C so that it reaches a combustion
temperature of 3400°C. After hitting a target, the round ignites and
releases smoke-sized particles that burn in contact with the air causing
short-term or long term damage to those who inhale them. The size of
uranium aerosol particles is about 5 pym and less, i.e. that of
nanoparticles.

These particles contaminate the environment, can enter the body by
inhalation or oral route, and depending on meteorological conditions, can
be spread over long distances (40 to 300 km and beyond). Uranium
oxides are toxic and partially soluble in water, so they can contaminate
groundwater and reach thehuman food chain through plants (Andelkovié-
Luki¢, 2015b, pp.39-50).

The 549th and 125th Motorized Brigades had tanks and armored
fighting vehicles, which was a military objective for NATO aviation. In
relation to the other parts of the Province, the area of Metohia was
exposed to heavy NATO air strikes as it can be seen from Figure 2, and
due to everyday bombing fromthe A-10 aircraft, there was high
radioactivity on that front. According to the data of the FRY Army, the
territory of Kosovo was targeted with 30-50 thousand DU projectileswhile
5,000 to 10,000 DU projectiles hit the locations outside the Province. In
the 85 days during which the 125th Motorized Brigade was in Kosovo
and Metohia, an average of 353 to 588 rounds were fired per day. The
half-life of *®U is 4.5 x 10° years (4.5 billion years). Analyses of the
contaminated material samples from several Kosovo and Metohia sites
revealed that the specific DU activity in individual samples ranged from
several hundreds to 235,000 Bqg/kg per samples from Metohia, where
was the 125th and 549th Motorized Brigades' area of responsibility. This
is 1,100 times over the lower limit. For the purpose of calculation, the
number of A-10 aircraft strikes was taken, where thecombat load for the
30 mm AN / GAU-8A Gatling gun is about 1100 to 1200 rounds, out of
which about 880 rounds are with a DU core weighing about 300 grams.
The natural background of uranium in soil is 5 to 125 Bq/kg of soil. The
most intense air strikes were in the De¢ane, UroSevac and Burakovac
regions (Jovanovi¢ et al, 2012, p.56).
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Health effects of increased radioactivity and the
toxicity of depleted uranium and plutonium

DU particles can enter the body by inhalation or with food and water.
They are deposited for years in the lungs, kidneys (up to 12% of DU),
lymph glands, muscles, testicles, bones (up to 20% of DU), brain, liver,
pancreas and spleen (up to 20% of DU). Regardless of the pathways of
contamination of the body, these particles bind to the proteins and the
erythrocyte membranein the blood, which is most damaging. After the
war had ended, combatants who were in high-risk situations were invited
for examinations. The greatest danger to human health is staying close
to the target at the time of the hit. The medical check program lasted for
5 years and then was terminated. Over 1,500 members of the FRY Army
were examined at three FRY Army establishments, but the program did
not give the expected complete picture because the examined group was
relatively small in relation to the number of exposed individuals, so that
was not a representative sample (Purovi¢ et al, 2011, pp.182-183).

The danger of DU is compounded by the fact that analyses of some
projectile fragments have shown, in addition to DU, traces of americium,
neptunium, technetium, and ?*®U uranium. The UNEP teams that came to
Kosovo and Metohia after the end of the war also detected the presence
of plutonium, ?°Pu, which increases the risk for humans. Its toxicity can
be compared to that of cyanide and arsenic. When compared to toxicity,
radioactivity is several thousand times higher, so plutonium dust of only 1
mg is enough to endanger a dozenof people inhaling it, and only 0.1 mg
is enough to cause cancer. Plutonium is a light-white metal with a density
of 19.8 g/cm3, with a half-life of 24,000 years, and it melts at about
639°C. It is a dominant alpha emitter. It was used to produce the first
atomic bomb, dropped on August 9, 1945, on Nagasaki (Jovanovi¢ et al,
2012, p.61).

The presence of plutonium increases the radiotoxicity of samples,
which increases the risk for the exposed individuals. The main radiation
doses of DU particles come from alpha and beta radiation, which is
dangerous for human tissue even in small amounts, so if inhaled or
ingested it would certainly give values over the permitted dose. Alpha
radiation of DU particles causes significant primary direct radiation injury,
mainly to tissues in direct contact with them, while beta and gamma
radiation can damage other tissues as well. It is also collected in semen,
where toxic and radiation effects lead to changes in genetic material
resulting in numerous changes and processes: chromosomal
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aberrations, genetic mutations, genomic instability, cell inactivation or cell
death (Burovi¢ et al, 2011, pp.127-128).

NATO indirectly acknowledges the dangers of
depleted uranium particlesafter hittingan obstacle

According to US sources and knowledge, radiological weapons with
DU cause lasting effects on the population even after the end of
hostilities, as DU particles contaminate soil and water for thousands of
years to come. According to the resolution of the SubCommission on
Prevention of Discrimination and Protection of Minoritiesof the UN
Commission on Human Rights of 1996 and 1997, the use of these
weapons of mass and nonselective destruction is against the norms of
international humanitarian law. The first NATO member state, Belgium,
despite having the NATO headquarters in Brussels, passed a law in 2009
to ban the production, storage, sale, transportation and use of depleted
uranium weapons. The law came into force in mid-June 2009
(Vukmirovi¢, 2019).

The members of the West Multinational Brigade upon KFOR's entry
into the Kosovo and Metohia in November 1999 were given a nuclear-
chemical-biological manual entitled “KFOR International Brigade West /
MNB-W / Depleted Uranium / Information Book”. The manual was signed
by Col Osvaldo Bizzari on 22 November 1999 and published in 2006 by
retired NATO Admiral of the Mediterranean fleet, Falco Accame in his
book Uranio impoverito. La verita/Depleted Uranium: The Truth (Accame,
2006). On the cover of the manual, besides the title, there is a skull which
warns of radioactive danger. The manual was written as a warning of
what type of danger the brigade members would face in the field and how
to handle it. In the section called "The Golden Rules" it says: “Stay away
from tanks, vehicles and buildings affected by missiles or cruise missiles
with depleted uranium (DU). Wear a protective mask if you are operating
within 500 meters of a tank or building hit by missiles or missiles with DU.
Inhalation of insoluble uranium dust particles has long been associated
with health consequences including cancer and neonatal deformities.
These consequences can only be seen a few years later.” In order to
avoid contamination, soldiers are recommended, among other things, to
wash their clothes frequently, and in the section entitled "Warning”,
among other things, it says: “Food and water will become unusable due
to contamination with dust from DU. Do not eat food that is not controlled.
When inhaled, particles can cause long-term damage.” And the
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recommendations for dealing with the damaged or destroyed weapons of
the Serbian army are the following:

"...Vehicles and materials of the Serbian army can be a danger to
soldiers and civilians who come in close contact with them. Only qualified
personnel must inspect destroyed or damaged vehicles and materials
(....) and should absolutely avoid the proximity of vehicles suspected of
being hit by a missile with DU. There should be no distance less than 50
meters. If you are forced to be closer, you must wear a protective mask
and gloves to prevent uranium dust from entering your body."

This guide clearly confirms the fact that before the start of the
bombing of FR Yugoslavia, NATO and the USA knew that weapons with
DU were dangerous, carcinogenic and genotoxic; however, despite
knowing what kind of dangerous weapons they had, they used them in
the territory of Serbia. They knew that such irradiation of air, land, and
water would certainly have far-reaching consequences for human health
and their offspring. They warned their own members of the danger, while
the civilian population was never warned of the dangers — on the
contrary, they are still publicly claiming that there is no danger of DU
particles.

The Manual refers to objects "hit by missiles or cruise missiles with
DU" which clearly indicates that NATO Pact forces in Kosovo and
Metohia and elsewhere in Serbia also used cruise missiles with DU. The
US military regulations in the field of radiation protection require every
soldier wear a protective suit during training and wear a protective mask
for any activity within 20 - 50 meters of an object struck by ammunition
with DU (Accame, 2006, pp.8-11). The danger of radioactive dust from
DU particles in the United States has long been known. Thus, a US
military document emphasized the dangers of DU: “The major danger
associated with depleted uranium is the harmful effect it can have if it
enters the body. If the particles are inhaled or ingested, they can be
chemically toxic and cause considerable and long-lasting irradiation of
the internal tissues.” (Andelkovi¢-Luki¢, 2015a, pp.225-226)

During the aggression, the members of the FRY Army in Kosovo
and Metohia did not wear protective suits or masks, so the likelihood that
they could inhale or swallow radioactive particles from uranium dust
generated by the combustion of DU munition was VERY HIGH.

In the immediate aftermath of the war, many works and professional
conferences were dedicated to this military conflict. In 1999, the complete
issue No 12 of the French journal "Défense nationale" was dedicated to
the war in Kosovo and Metohia and in the conference presentation
entitled "First lessons from the war in Kosovo"(Les premiéres legons de
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la guerre au Kosovo®) there is the following statement: “After the end of
the Kosovo War, historians will give their judgment in a few months or
years, but it can already be said that there was no capitulation of the
Serbian army or the Serbian state; television has confirmed this in the
best sense. Some regret it, but it's true.” (David, 1999, p.39).

Conclusion

After the aggression had ended, mortality among veterans from
Kosovo and Metohia increased. Many soldiers who were not injured in
the war died from radiation received in Kosovo and Metohia, so that the
death toll during the war subsequently increased by the number of
deaths from various types of malignancies. Unfortunately, today, nothing
seems to be done in Serbia to investigate and prove the damage caused
by the bombing, thus denying the dominant effects of depleted uranium
and chemical agents on cancer growth in Serbia.

There is no centralized statistics to accompany the increase in the
number of people suffering from malignancies among members of the
military and police who were deployed in Kosovo and Metohia. The
radiation in Kosovo and Metohia was high during the aggression, in some
cases as much as 1,100 times that of the natural background.
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PAOVALIMOHHOE OBNYYEHWME BOEHHOCHY>KALWKMX CP
tOrOCIABMA B KOCOBO N METOXW BO BPEMA ATPECCUN
HATO B 1999 roagy

MupbsHa H. AHpxenkoBuy-Iykuy

BoeHHo-TexHu4eckun MHCTUTYT, . Benrpaa, Pecnybnuka Cepbus;
MpasutenbcTBo Pecnybnukmn Cepbus, MexxBeOMCTBEHHbIN
KOOpAMHaLMOHHbIV opraH, r. benrpag, Pecnybnuka Cepbusi

PYBEPUKA TPHTW: 78.00.00 BOEHHOE OENO;
78.25.12 Xumuyeckoe, buonornyeckoe 1 saxuratenoHoe
opyxue. BoopyxeHus n cpeacTtea pagnaLoHHOMN,
XUMMUYECKON N BUONOrM4YEeCcKom 3aLmThbl
61.00.00 XMMNYECKAA TEXHONOIMNA. XUMNYECKAA
MPOMbBIWNEHHOCTb;
61.01.94 OxpaHa okpyxatoLen cpeabl

BWO CTATbW: o63o0pHas ctatbs

A3bIK CTATbW: aHrnuinckmin
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Peswome:

BeedeHue/uenb: B daHHOU cmambe npusedeHbl 0aHHble 0 cmadusix
0b6nyyeHusi, KomopoMmy rnodsepeasnucb 8OEHHOCHYXawue apmMuu
CorosHoli  Pecnybrnuku  HOeocnasus U OCOBEHHO  YMEHbI
Momopu308aHHbiX 6puzad 6 patioHe Kocoeo u Memoxuu Ha
anbaHCKo-H020c1asckKol epaHuye.

Memodbi: C nomouwbio eamma-criekmpa Obiflo  8bISI8NIEHO, 4MO
CHapsiObl codepxarnu o0beOHeHHbIU ypaH, a Hanu4due anbgha, bema u
eamMma u3flyqdeHud 6birio orpedesieHoO Memodom O03UMEMPUYECKUX
usmepeHud.

Pesynbmamel: Mcrions3oeaHue boerpunacog8 ¢ 06e0HEeHHbIM ypaHOM
28y Kk Komopomy 0obaerieH rniymoHul, HaHocum 00n20CPOYHbIL yuepb
OKpyxatowjell cpede, 8 esude 3apaxKeHus 600bl U [1048bl, BbI3bleasi
pasnu4Hbie paccmpolicimea U 3/10Ka4ecmeeHHble 3abonesaHusi y fiodel.
PaduoakmusHocmb **Pu 8 Heckornbko mbicsy pa3 rpesbiiaem e20
MOKCUYHOCMb, a 80biXxaHUe MiIymoHUesoUl Mbiiu cmasum rnod yeposy
300poebe U 8bi3blgaem pak. YpaH 516/159emcsi MOKCUYHbIM MUPOGOOPHLIM
MemarisioM, 5ieeKO 80CIIaMEeHSIIOUUMCS U paduoakmueHbiM. E2o okcudbi
MOKCUYHBI U Hacmu4HO pacmeopumbi 8 eode. Bo spems 83pbiga cHapsida
oceoboxdaromesi  paduoakmueHble as3po30/ibHble 4Yacmuubl 8 eude
ObIMa, KOmopbie 80CIIaMeHsIomCcs rnpu g3aumodelicmeuu ¢ 8030yXoM,
8bI3bI8asT KPamMKOBPEMEHHbIe UMU O0Nl208PEMEHHbIE MOBPEXOEHUST Y
80bixarouux. Bo spems agpeccuu HATO npomue CP KOzocnasus ripu
usmepeHusix Ha meppumopuu Kocoso u Memoxuu 6bin 8bisierieH
ebicovadiwui ypo8eHb paduauuu. B patioHe Memoxuu
paduoakmusHocmb b6bina 6 1100 pa3 ebiue ecmecmeeHHO20
paduayuoHHO20 oHa.

Bbi800b1: BbisigrieHo, 4mo 80 8peMsi 80lHbI 80eHHOCTyXawue apmuu CP
HOzocnasuu nodsepaarucb 8030elicmuU0 8bICOKUX PaduoaKmueHbIX
003, scriedcmeue 3mo20 KOIUYECMBO PAa3fUuYHbIX 3/10Ka4YECMEEHHbIX
Hogoobpa3oeaHull U CMepmersibHbIX UCX0008 803POCIIO 8 HECKOITLKO Pas.

Kniouesble crioga: xumuveckasi 80UHa, CHapsiObl C 0b6eOHEHHbIM
ypaHoM, roeblweHHass paduoakmueHOCMb, 2eMOMOKCUYHOCb,
naymoHul, paduakmueHoe 3apaxXeHue B0EHHOCAyXawux apmMmuu
CorosHoli  Pecniybnuku Hlzocnaeusi, 6051e3HU, 3/10Ka4eCmeeHHbIe
onyxonu.

OB3PAYEHOCT IMPUMAOHWKA BOJCKE CP JYTOCJTABUJE HA
KOCOBY N METOXNJN Y TOKY HATO ArPECUJE 1999. TOONHE
MupjaHa H. AHhenkosuh Jlykuh

BojHoTexHu4kn nHCTUTYT, Beorpan, Penybnuka Cpbuja;
Bnapa Penybnuke Cpbuje, MehypecopHO KoOpANHALMOHO Teno,
Beorpag, Penybnuka Cpbuja
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OBJIACT: xemujcke TexHonoruje
BPCTA YJTAHKA: cTpy4Hu paa
JE3VKUYJTAHKA: eHrneckn

Caxemak:

Yeod/uurb: Y pady ce ykasyje Ha 003y 03padeHOCmu Kojoj cy burnu
usnoxeHu npunadHuyu Bojcke CP Jyeocnasuje, a nocebHo npunadHuyu
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Abstract:

Introduction/purpose: The purpose of the paper is to present the
importance of geoinformation systems (GIS) in the process of
geotopographic support to all levels of command as well as the necessity
of developing the GIS platform concept based on geoinformation data as
a support to decision making.

Methods: Besides an analytical approach to some of foreign experiences
in developing GIS and a sample analysis, the authors give the content and
the architecture of the adopted program named ,Development of a special
GIS platform for the defense and security of the Republic of Kazakhstan®.
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Results: The paper presents the structures and the level achieved in the
development of the single geographic information platform (SGIP) which
aims at helping the state to create modern army and efficiently use
geoinformation technologies in the support to the armed forces of
Kazakhstan.

Conclusion: The importance of creating, at the state level, a unique
geographic information space based on the integration of geospatial data
at all levels of command has been pointed out as well as the importance
of eliminating overspending while creating geoinformation data. In
addition, efficient usage of geoinformation technologies will contribute to
better combat control of troops and armament thus creating a modern and
ready military.

Keywords: geotopographic and cartographic support, geoinformation,
geoinformation system, visualizations, geographic overview, aviation
maps, city plan, electronic photographic plan, matrix of terrain
properties, automated system, remote sensing.

Introduction

Recently, geographic information systems (GIS) are considered as
an effective tool for analyzing various types of data in the study of
regional development and the development of integrated solutions.
Currently, GIS occupy one of the leading places among various
information technologies in the field of management and planning.

A geographic information system (GIS) is a hardware-software
human-machine complex that provides for the collection, processing,
display and distribution of spatial coordinate data, the integration of
information and knowledge about the territory for their effective use in
solving scientific and applied problems associated with inventory,
analysis, modeling, forecasting, environmental management and
territorial organization of society.

GIS is a management tool. It is generally accepted that geographic
data represent about 70% of the total volume of circulating GIS
information. (Goodchild & Kemp, 1990)

The structure and implementation of GIS

Geographic information systems include five key components:
hardware, software, data, performers and methods.

Hardware

This is the computer on which the GIS is running. The GIS currently
runs on various types of computer platforms, from centralized servers to
single or networked desktop computers.
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Software

GIS software contains the functions and tools necessary for storing,
analyzing and visualizing geographic (spatial) information. The key
components of software products are:

- tools for entering and operating the geographic information
database management system (DBMS or DBMS); - tools for supporting
spatial queries, analysis and visualization (display);

- Graphical user interface (GUI or GUI) for easy access to tools and
functions.

Data

Data is probably the most important component. Spatial location
data (geographic data) and associated tabular data can be collected and
prepared by the user or purchased from suppliers. In the process of
managing spatial data, a geographic information system combines (or
rather, combines) geographic information with data of other types. For
example, already accumulated data on the population, soil character,
proximity of hazardous objects, etc. (depending on the task that will have
to be solved with the help of the GIS) may be associated with a specific
piece of the electronic map.

Moreover, in complex, distributed systems for collecting and
processing information, there is often no data associated with an object
on the map, but only its source, which allows real-time monitoring of the
state of such an object. This approach is used, for example, to deal with
emergencies such as forest fires or epidemics.

Performers

Performers are people who work with software products and develop
plans for their use in solving real problems. It may seem strange that
people working with software are considered to be part of the GIS, but
this makes sense. The fact is that for the geographic information system
to work effectively, it is necessary to comply with the methods provided
by the developers; therefore, without trained performers, even the most
successful development can lose all meaning.

GIS users can be both technical specialists who develop and
maintain the system, and ordinary employees (end users), whom the GIS
helps to solve current everyday affairs and problems.

Methods

The success and effectiveness (including economic) of the use of
the GIS in many respects depends on a correctly drawn up plan and
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work rules, which are compiled in accordance with the specifics of the
tasks and work of each organization.

GIS subsystems

The GIS structure, as a rule, includes four mandatory subsystems:

1) Data input, providing input and / or processing of spatial data
obtained from maps, remote sensing materials, etc .;

2) Storage and retrieval, allowing quick receipt of data for
appropriate analysis, data update and data adjustment;

3) Processing and analysis, which makes it possible to evaluate
parameters, solve computational and analytical problems;

4) Presentation (issue) of data in various forms (maps, tables,
images, block diagrams, digital terrain models, etc.)

Application and charcteristics of the GIS

Thus, the creation of maps in the circle of “responsibilities” of the
GIS is far from the first place, because to get a hard copy of the map
most of the GIS functions are not needed at all, or they are used
indirectly. Nevertheless, both in world and in domestic practice, the GIS
is widely used, precisely for preparing maps for publication and, to a
lesser extent, for analytical processing of spatial data or managing the
flow of goods and services (Tikunov, 2004).

The GIS allows making decisions based on geographic information.
Unlike other types of information processing tools, the GIS understands
the concept of location, as it is based on information tied to the
coordinates on the map, and allows the information presentation in a
graphical form for interpretation and management decisions.

Geoinformation technologies are inextricably linked with the GIS.
Geoinformation technologies can be defined as a combination of
software and technology tools for obtaining new types of information
about the world. Geoinformation technologies are designed to increase
efficiency: management processes, storage and presentation of
information, processing and decision support (Tikunov, 2004).

The main feature of the GIS, which determines its advantages in
comparison with other AIS, is the presence of a geographic information
base, i.e. digital maps (DM), giving the necessary information about the
earth's surface. In this case, the DM must ensure:

- exact binding, systematization, selection and integration of all
incoming and stored information (single address space);

- comprehensiveness and visibility of information for decision
making;
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- the possibility of dynamic modeling of processes and phenomena;

- the ability to automatically solve problems associated with the
analysis of the features of the territory;

- the ability to quickly analyze the situation in emergency cases.

GIS experience

Geoinformation technologies, offering new effective approaches to
the analysis and solution of territorial problems, continue to gain more
and more popularity and official recognition in our country, and digital
spatial information begins to play an increasingly important role in the
tasks of socio-economic, political and environmental development and
environmental management, production and labor potential in the
national interest.

Foreign experience in operating various GIS indicates that the need
to analyze the geographical location of phenomena and objects, their
quantitative and qualitative characteristics using a map arises among
representatives of armed forces and various sectors of economy
(Kapralov et al, 2005).

An analysis of the forms and methods of combat use of troops
(groupings of troops) in special operations in Chechnya allows us to
conclude that the goal of topographic and geodetic support (hereinafter
TGO) should be the preparation and timely delivery of accurate and
reliable topographic and geodetic information in the required volume to
headquarters and troops, contributing to the creation of necessary
conditions for solving the following tasks:

- maintaining troops (forces) in constant combat readiness;

- timely covert deployment (creation) of force groupings;

- accomplishment of assigned tasks by troops;

- ensuring the effective use of weapons and military equipment.

The process of organizing topographic support for the combat
operations of troops in modern conditions, taking into account the
experience of counter-terrorism operations in Chechnya, Afghanistan and
Iraq, necessarily includes the following aspects:

- timely and complete provision of command and control bodies with
topographic and special maps, early production of topographic plans of
cities;

- preparation of initial astronomical and geodetic data on the
positional areas of the missile forces and artillery and bringing them to
the appropriate command and control agencies;
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- providing staffs and troops with additional information about the
terrain in the form of special photo documents of the terrain, with other
reference materials made in direct preparation for hostilities and during
their conduct;

- providing appropriate systems for command and control,
reconnaissance and guidance with digital electronic maps, digital terrain
models;

- organization and timely communication to the troops of the results
of topographic reconnaissance of the terrain of objects and the enemy
(Evgievsky & Morozov, 2005, pp.39-43).

An analysis of the provision of geospatial information of the Armed
Forces of the Republic of Kazakhstan in everyday life, during preparation
and during exercises, indicates a serious lag in these matters from the
armies of developed countries. The command and control bodies of the
troops receive information about the area in the form of the same
topographic map and according to the same procedure as fifty years ago.
After the application has been sent to the relevant authority, the data of
archived topographic maps are processed, then separate sheets are
issued, combined and filled in with official symbols and descriptions.

At the same time, it should be noted that the topographic map in an
analog form is the main working document of the commander and staff
used in planning operations and combat operations, when setting up
tasks for subordinate troops and exercising control over the progress of
the troops in fulfilling assigned tasks.

The experience of armed conflicts of foreign countries shows that
topographic maps on a paper basis, under the conditions of active
influence on the weapons and equipment of electronic means of
suppressing the enemy, are the main information document.
Consequently, activities to create, store and bring to the troops a paper
map will retain its significance along with the creation of a digital
cartographic database.

Geoinformation support

The development of a modern army, as well as the development of
modern society as a whole, is based on the introduction and
development of information technology. The most important component
of most technologies is the processing of digital terrain information in
conjunction with diverse data about the enemy and their troops.

Now that the world is entering the new millennium with an
understanding of the benefits of digital imaging, sound and
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communications, topographic and geodetic support simply cannot be left
out of technological progress.

It becomes obvious that geoinformation support is the topographic
and geodetic support of the 21st century. It includes aerospace,
optoelectronic  reconnaissance, satellite communications, digital
computer technology and classical methods of geodesy, cartography and
photogrammetry. An analysis of the tasks solved by the topographic
services of the associations of the Armed Forces of the Republic of
Kazakhstan during the preparation and during operations and combat
operations, as well as the means and methods of solving them, indicates
that there is a serious lag in these issues from the armies of developed
countries.

Geoinformation support assumes the circulation of terrain data
through channels connected to databases of geographical information
systems (GIS). Actually, they are the basis of geoinformation support. At
its core, the GIS is a combination of a geographic or topographic map
and an extensive array of digitally expressed heterogeneous information,
systematized and linked to the corresponding point in the cartographic
image. Digital information about the terrain can be presented in the form
of an electronic topographic, geographic, aviation map, city plan,
diagram, electronic photographic plan, elevation matrix, matrix of terrain
properties, etc.

The GIS performs two important functions: creating a digital map of
the area, integrated with an expanded database, and turning a digital
map into electronic - visualization - with the possibility of interactive work
with the user. Based on these two functions implemented with the GIS,
many others are based (lvanov & Markus, 1999, pp.42-45).

Geospatial information, formed on the basis of the collection and
analysis of cartographic, geographical, climatic, hydrological, aerological,
administrative data and information on the infrastructure features of the
territories, plays an increasingly important role in ensuring the military
and public security of the state.

Modern technologies make it possible to generalize and link
geospatial data, provide the possibility of their visualization and
interactive access to them, and provide support for management
decisions.

An analysis of the development of modern systems of geospatial
support for armies of foreign countries and the prospects for their
development allows us to conclude that the practical effect of increasing
the combat capabilities of troops is achieved not only by increasing fire,
maneuverability and other characteristics of weapons platforms, but also
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primarily by the reduction of the combat command cycle and decision-
making on the basis of geographic information components of the
combat space.

For example, in the armed forces of the NATO countries, the
implementation of a new concept for providing geospatial information,
denoted by the term Situational Awareness, is made possible through the
use of the neogeography method, which assumes, in particular, the
location of the user “inside the data” in real spatial time continuum,
instead of the obligatory mediation of cartographic conventions.

The problem of determining a single special geographic information
platform arose due to the heterogeneity of geospatial information used in
the Armed Forces, other troops and military units. Issues within
departmental information interaction and analytical decision support
based on geoinformation data were implemented using various software
tools.

Currently, the ArcGIS software platform has partially created
geospatial data:

- in the Ministry of Internal Affairs of the Republic of Kazakhstan as
part of the deployment of the “module of the geographic information
system” of the Operational Management Center,

- in the emergency committee of the Ministry of Internal Affairs of the
Republic of Kazakhstan as part of the deployment of the GIS subsystem
of the "corporate information and communication system" (presentation
attached),

- a large volume of cartographic materials in the Mapinfo format has
been created in the Ministry of Defense of the Republic of Kazakhstan.

So, from 2002 to 2016, by the order of the Ministry of Defense of the
Republic of Kazakhstan, plans and topographic maps were produced in
analog and electronic formats on a scale of 1:10 000 - 1: 1000 000 on the
territory of the Republic of Kazakhstan, border states, military training
grounds, as well as on the territory of regional centers and large cities,
covering 8034 nomenclature sheets.

In addition, single materials of large-scale topographic maps were
produced on the territory of military training grounds in the ArcGIS format
on 164 nomenclature sheets. At the same time, the conversion of
geospatial data from one format to another was carried out with a loss of
quality of materials.

In addition, the implementation of the SGIP project acquires special
relevance in connection with the sanction ban on the provision of ArcGIS
and Maplinfo software licenses, as well as the provision of technical
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support services (including the delivery of software updates as part of the
existing technical support) to a number of defense and oil and gas
enterprises.

At the same time, ESRI GIS refers to the relevant order of the
Department of Foreign Assets Control of the US Department of the
Treasury and the Bureau of Industry and Security of the US Department
of Commerce.

Program: Development of a special GIS platform for
the defense and security of the Republic of Kazakhstan

To solve all of the above tasks and programs, officers of the National
Defense University named after the First President of the Republic of
Kazakhstan, the Leader of the Nation, took part in the implementation of
the both scientific and scientific and technical program as part of targeted
funding for the topic of a both scientific and scientific and technical
program (hereinafter - the program): “Development of a special GIS
platform for the defense and security of the Republic of Kazakhstan”
which will be based on the integration of large arrays of cartographic
materials, other geospatial data, infrastructural information on operational
equipment of the territory and mobilization resources by sectors of the
economy, detailing materials for the certification of terrorist vulnerable
objects, and will be the basic platform of information systems for
decision-making support of the Armed Forces, other troops and military
units, government bodies and organizations, the joint activities of which
rule in the solution of tasks of ensuring military security of the Republic of
Kazakhstan.

Research Objectives

- development of a prototype of a unified software platform for
collecting, accumulating and visualizing GDB, with the functions of
performing GIS applications that solve the range of tasks of terrain
analysis, with the possibility of creating geospatial products for various
purposes and publishing topographic and special maps;

- creation of an electronic geospatial information bank;

- development of geospatial engineering products;

- development of converters for re-issuing DTMs into a single format
of the SGIP platform.

At this stage of the study, the goal was to analyze the views of
domestic and foreign experts on the development of geographic
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information platforms and to develop the structure of a special
geographic information platform for the Armed Forces of the Republic of
Kazakhstan.

Based on the goal, the following tasks were identified:

- study of world experience in the development of geographic
information platforms;

- the formation of the structure of a special geographic information
platform;

- development of technical specifications for the development of a
special program of the SGIP.

Fulfillment of the tasks set and achievement of the goal at this stage
provides the basis for further research and helps substantiate the novelty
and significance of the study.

Scientific novelty and relevance of research

The SGIP will be a domestic software product based on the
integration of a large number and scale cartographic materials,
geospatial data of the military state and operational infrastructure
information.

The formation of the SGIP structure, the development of technical
specifications, the acquisition of the necessary software equipment and
the development of special programs will allow to:

- promptly display and use in work any requested area of the terrain
from a large volume of source geospatial information databases (satellite
images, cartographic materials);

- along with electronic maps, create geographic information products
that are visualized in the form of layers of maps and tabular information;

- ensure the uniformity of requirements for protocols for the
exchange of geospatial information between users of the GIS;

- ensure the formation of electronic documents (orders, directives,
orders) and the issuance of commands when changing environmental
conditions;

- and, on the whole, create a single information space based on the
integration of generally applicable data and their descriptions by types of
functional activity at all levels (links) of the Armed Forces command.

The development of the SGIP will contribute to the achievement of
the goals of creating a modern combat-ready army, the effective use of
geographic information technologies in the implementation of combat
control of troops and weapons.
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Analysis of foreign specialists of the development of
geoinformation platforms

Due to the variety of GIS platforms, only the most common ones
were selected for the analysis.

ArcGIS platform

The ArcGIS platform is the optimal solution for building a corporate
GIS, the foundation of an information system for the effective
management of large state and commercial organizations (Raklov,
2011).

The ArcGIS - produced by the American corporation ESRI, one of
the few GIS platforms supports full-fledged work with a topological model
of data representation, as well as storage, processing and visualization of
three-dimensional representation of spatial data. It has an open
architecture (more than 800 standard additional target applications), but
source codes are not transmitted to users.

The use of this GIS platform will require the conversion of the entire
range of maps to the ArcGIS format, while the work will require a lot of
manual labor and financial costs.

Price policy: for one ArcView license - 600 000 tenge, ArcEditor-1 - 2
000 000 tenge, Arcinfo-2 - 1 500 000 tenge, time libraries completion -
300 000 tenge, development tools - 2 100 000 tenge for one year. The
GIS price is not fixed.

Mapinfo

Maplinfo was produced by the American company Pitney Bowes
Software and is intended for the collection, storage, display, editing and
analysis of spatial data. Mapinfo is used in 130 countries. Due to its ease
of development, rich functionality and moderate cost, Maplinfo has
become the most popular GIS.

Based on this program, the entire range of electronic cards for the
Armed Forces of the Republic of Kazakhstan has been created. Price
policy: GIS Maplnfo Professional for Windows - 900 000 tenge, GIS
Maplnfo Professional for Windows (Russian version) including technical
support for 1 year - 600 000 tenge.

The ArcGIS and Mapinfo have an open architecture; however, since
the source codes of these GIS platforms are not transmitted to users, it is
not possible to check for the presence of undeclared functions.
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Functionality, usability and adequate technical support are at the
highest level; however, it is difficult to use it due to the fact that not all
modules and instructions are translated into Russian.

Free legitimate distribution is practically impossible. There is a high
level of technological dependence on foreign manufacturers.

Analysis of Russia and Belarus specialists of the
development of geoinformation platforms

Due to the lack of ready-made GIS solutions on the domestic
market, the GIS developments of Russia and Belarus, which have in-CIS
GIS platforms of their own design, were examined.

In order to make the analysis objective, the opinions of both the GIS
manufacturers themselves and competent users were taken into account.

In the post-Soviet space, the most common are the developments of
Russian manufacturers.

GIS Integration

GIS Integration. Developed by the closed joint stock company KB
Panorama for FGUP NIl TP.

Positive sides:

- adopted by the Armed Forces of the Russian Federation and is a
military product.

Negative sides:

- does not meet security criteria due to the impossibility of
transferring source codes to check for the presence of non-declared
functions;

- there is low-level technical support, the system is underdeveloped,
and since the last update was carried out in 2005, there is a discrepancy
between the system and the requirements of the troops;

- all system improvements can only be made by the developer; and

- there is a threat of technological dependence on foreign
manufacturers.

Despite the decisions taken by the Council of Ministers of Defense
of the Commonwealth of Independent States on the Concept of creating
a unified GIS for years, appeals to the General Staff of Russia on the
transfer or sale of GIS Integration were ignored.
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GIS Operator

The geographic information system Operator was accepted for
supply to the RF Armed Forces by order of the Minister of Defense of the
Russian Federation No. 598 dated August 15, 2013. The set of programs
developed by the closed joint stock company KB Panorama allows
organizing topographic and geodetic support based on the principles of
network-centric technologies in advanced automated systems and
controls in power departments. (KB Panorama, 2020)

Positive sides:

- according to the results of comparative tests of geographic
information systems, the GIS Operator in 2012 was recognized as the
most fully meeting the requirements of the armed forces for military GIS
and in 2013 it was adopted by the Armed Forces of the Russian
Federation;

- the ability to transfer source codes to check for the presence of
non-declared functions;

- the system is constantly evolving, the developer promptly responds
to user requirements;

- cards created through the VTU General Staff of the Armed Forces
of the Russian Federation are produced on the software complexes of
closed joint stock company KB Panorama.

Negative sides:

- impossibility of free distribution, i.e. expansion of the user structure
entails additional costs for licenses, and all system improvements can
only be made by the developer;

- the product is quite complicated to learn and maintain, focused on
the professional use of the system;

- there is a threat of technological dependence on foreign
manufacturers.

Price policy: GIS Map 2011 - 95 000 tenge, professional GIS Map
2011 with development tools - 270 000 tenge.

GIS Horizon

Developed by FGUP NIIIAA and named after Semenikhin.

Positive sides:

- the ability to transfer source codes to check for the presence of
non-declared functions;
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- the possibility of "free distribution of GIS", i.e. the user's right to
freely run, copy, distribute, study, modify and improve it;

- the possibility of creating a domestic GIS on a ready platform, i.e.
technological independence from foreign and private producers of GIS;

- there is an official partner in the Kazakhstan market.

Negative sides:

- the system has not been adopted by the Armed Forces of the
Russian Federation;

- there is no information that the system is being updated and
developed.

“GIS for military use”

Despite the fact that Russia is a strategic partner not only politically,
but also militarily, in addition to the operation of Russian GIS platforms,
Belarus is actively developing its own GIS - “GIS for military use”, created
on the basis of the closed joint stock company KB Panorama software
core.

It is developed by the Joint Institute for the Study of Informatics
Problems of the Belarusian Academy of Sciences.

Positive sides:

- adopted by the Armed Forces of the Republic of Belarus;

- the ability to transfer source codes to check for the presence of
non-declared functions;

- the possibility of "free distribution of GIS", i.e. the user's right to
freely run, copy, distribute, study, modify and improve it;

- the possibility of creating a domestic GIS on a ready platform.

Negative sides:
- it is not a complete GIS, it is used as a tool to support decision
making.

Pricing policy: no information.

Types of GIS in use in other armies

Out of all the listed programs, the following ones are actually
adopted and used as GIS platforms of automated control systems of the
armed forces:
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In the NATO countries, including: the United States of America,
France, Germany, as well as in Ukraine (from the CIS countries) -
ArcGIS.

Turkey, as a member of NATO, simultaneously with ArcGIS uses a
proprietary GIS platform - Netcad.

Sweden uses ArcView GIS and MapObijects, derived from ArcGIS.

In Russia and Armenia, the GIS Integration is used, and in return the
GIS Operator is being prepared.

In addition to the GIS Integration, Belarus uses a GIS platform of its
own design - military GIS.

Israel - ArcGIS, Adlib;

Uzbekistan uses ArcGIS in the field of communications and
information technology;

China - no data;

In the Republic of Serbia, as a neutral country, the Serbian Armed
Forces are developing a GIS project called "Universal User Software
Platform (UKSP) of the Serbian Armed Forces GIS". This GIS is a
modular software platform intended for spatial support in the decision-
making process at all levels of command in all missions of the Serbian
Armed Forces, which is in the final stages of adopting into the arms and
equipment of the VS.

In the Republic of Kazakhstan, among government agencies, the
situation is as follows:

ArcGIS is operated in the National Security Committee, Ministry of
Emergencies, MEP, KTZ, and KMG;

Mappinfo is operated in the Ministry of Defense, and the Interior
Ministry.

Transition to a single GIS platform

One of the ways to solve the problem of heterogeneous software
products is to create uniform standards for the language for describing
the modeling space (Konovalova & Kapralov, 1997).

However, the lack of work to standardize objects of the operational-
tactical situation, control languages, and other elements of information
support does not allow solving this problem. The choice of a single basic
GIS platform should be the first step in creating a single information
space of the state.

A distinctive feature of military conflicts of a new type, at the end of
the twentieth and the beginning of the twenty-first century, is that the role
of informational aspects in ensuring the actions of armed forces has
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grown. This was facilitated by the rapid development of information
technology, which began to invade all areas of human activity, including
the military sphere. Ensuring information superiority over the enemy has
become one of the decisive factors for achieving success in the war.

Modern information and network technologies in military affairs are
the basis for the integration of geographically dispersed command and
control bodies, reconnaissance, surveillance and target designation
systems, military groups and weapons in a highly adaptive gliding
system.

At present, new tools that reflect the current level of geoinformatics
are increasingly used. These include the means of complex multivariate
spatial analysis and the preparation of high-quality synthesized images
based on maps, images, and the operational environment (Lurie, 2000).

Geoinformation technologies make it possible to move to a unified
planning system, form a single picture of situational awareness, develop
modern methods of control and management of weapons of war,
including unmanned and robotic systems, increase transparency and
operational efficiency of the rear and reduce the level of advanced
presence through the formation of virtually remote headquarters and
other bodies management.

To determine the feasibility of using a specific GIS, it is necessary to
consider how much it meets the requirements stipulated by the specifics
of the tasks to be solved when processing geospatial information shown
in the modules of the geographic information system (Fig. 1).

The spatial analysis and modeling module is one of the key GIS.
The functional completeness of the analysis and modeling tools mainly
determine the versatility and effectiveness of a particular GIS (Berlyant,
1997).

Basic operations include groups of operations such as measuring
operations, polygonal operations (overlaying polygons, determining
whether a point belongs to a contour, and others), transformation of
coordinate systems and projections, analytical and modeling operations
(selection of objects according to specified criteria, network tasks,
processing of geodetic survey data, construction of buffer zones and
others), surface analysis, digital processing of Earth remote sensing
data, and other operations.
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Management tools (DBMS, user
interface, administration, etc.)

Data input Data storage Data analysis Data output
Digitization Export-import Information Sample
data Search Generation
| | |
Image Cartographic Statistical Mapping
processing Information analysis
Field Thematic Spatial Graphic
shooting information analysis display
Source data Custom data Modeling Accounting
documents

Figure 1 — Module of a geographic information system
Puc. 1 — Modyrnb 2eouHgbopmayuoHHOU cucmems!
Cnuka 1 — Moden eeoepaghckoe UHGhopMayuoHo2 cucmema

The GIS management tools include access operations to internal
and external databases, a user interface, a system for organizing access
to the system’s functional procedures, development and integration tools
for user applications in the GIS, and others (Tsvetkov, 1997).

The GIS possesses the term basic characteristic properties: the
presence of spatial databases, coordinate reference of object modeling
and analysis, and spatial analysis tools. Apparently, one should proceed
from this, taking into account the target orientation of the information
system and the depth of use of digital models in spatial analysis.
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Examples of the transition to a single GIS platform

Based on the research conducted above, the experience of the
transition of the armies of foreign countries to a single GIS platform is
interesting.

For example, the US Geospatial Intelligence Agency purchased the
Commercial Joint Mapping Toolkit, which provides access to scalable
GIS using standard interfaces. Northrop Grumman, the developer of the
GIS, acts as a system integrator, ESRI became ArcGIS core, Leica
Geosystems supplied image processing modules, and Analytical
Graphics offered tools for analyzing satellite data. Vector maps in the
system are maintained on the Oracle 10g DBMS, and raster maps are
supported by the ESRI File Based Geodatabase engine. ArcGIS
Explorer, which supports web architecture, is used as a typical client
software.

At the first stage of the introduction of unified GIS technology within
the framework of the C31 program (operational command, control and
communication information systems), the Swedish army acquired several
thousand licenses of MapObjects and ArcView. Products are used at all
levels of command, as well as by lower-level personnel for everyday
tasks. As the circle deepened and expanded, which can be solved using
GIS tasks, the Swedish Armed Forces realized the need to create a GIS
battlefield with specialized functions for creating tactical situational maps,
planning convoys, analyzing targets, monitoring war games, and solving
other operational and tactical tasks. The new software product, called
GeoPres, is based on the ArcView GIS and MapObjects standards
adopted by the Swedish Armed Forces, expanded in accordance with the
requirements of the army.

Standardization was based on ArcView GIS and MapObjects from
ESRI. As a result, the Swedish Armed Forces have developed many
extensions to both software products to adapt them in the military field. A
GIS built into the C3I system provides a solution to a number of typical
problems associated with the use of this technology in everyday activities
in peacetime, during exercises and in a combat situation on the
battlefield. It is quickly mastered by end users and allows a quick
response to a constantly changing situation on the ground.

According to the results of a closed competition in January 2013 for
the best GIS development, in order to create a single GIS platform for all
power structures in Russia, the GIS Operator was unanimously
determined by order of the Minister of Defense of the Russian Federation
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No. 588 of 08/15/13. The Operator geographic information system is
accepted for supply to the Armed Forces of the Russian Federation.

In order to select a single GIS platform for the Armed Forces of the
Republic of Kazakhstan, it is proposed: to develop our own software
products with similar functions that exist in the best examples of foreign
GIS, which will form the basis of a single information platform for the
power structures of the Republic of Kazakhstan; to intensify interaction
with the Ministry of Transport and Communication, as the responsible
body for the implementation of “electronic government” and JSC
“National Information Technologies”, as the project integrator of the
infrastructure of “electronic government”. When choosing a GIS platform
for the Armed Forces of the Republic of Kazakhstan, use the results of
the development of technical documentation for the creation of a national
GIS; organize trial operation of the GIS CJSC KB Panorama software
and hardware on the basis of Kazakhstan GIS Center JSC and, based on
its results, determine the feasibility of determining it as a GIS platform.

Formation of the special geoinformation platform
structure

The structure and content of a special geographic
information platform

The research team has formed the structure of a unified geographic
information platform. The goals and objectives, the place of the GIP in
the Digital Army are defined, the architecture is developed taking into
account the vertical of subordination and the movement of the created
geospatial engineering products, and a typical GIS solution is found. The
sources of geospatial information were identified and a list of software
necessary for the development of software products was compiled.

The work of the research group was organized on the basis of
Kazakhstan GIS Center JSC, according to the contract for the lease of
premises and equipment of equipment from 03/06/2018. No. 9/18/1.

Technical specification for the acquisition of software and
development tools

In 2018, agreement No. 9/18/2 of March 6 2018 was signed for the
purchase of software and development tools for the creation of special
programs that form the basis of the GIP platform.

The following software and processing tools are acquired under the
contract, including: a complex for maintaining a geoportal; software for
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creating and updating digital terrain models; specialized software for
displaying and editing the military situation; GIS application development
tools; development tools for geographic information WEB applications;
environment program for fast program development with the ability to
create client-server solutions, multilevel databases, and web
applications.

Technical specification for the development of a special
SGIP program

Based on the established structure of the GIP, the study of domestic
and international experience in creating various GIS systems, the
research group developed the Technical specification for the creation of
its own special software products that form the basis of the GIS platform
(Koshkarev & Tikunov, 1993).

The technical specification formulates and describes the structure
and functioning of the SGIP, and describes the functionality of each
software module.

Development of special geoinformation platform
programs

Development of a program for generating atlases of
electronic terrain maps

As part of the research work, a program for the formation of atlases
of electronic maps of the area was developed (DeMers, 2008).

The program maps the raster maps of BMP, JPEG, TIFF, GeoTIFF,
TGA (Targa), BIL (SPOT), and SID formats with the geographical
information contained in them with the possibility of transforming the
raster.

It allows building mosaic raster atlases of the formats BMP, JPEG,
TIFF, GeoTIFF, TGA (Targa), and BIL (SPOT) based on the use of
adjacent and overlapping raster data of large volumes of the formats
BMP, JPEG, TIFF, GeoTIFF, TGA (Targa), BIL (SPOT ), and SID by
transforming them over a set of control points.

It is possible to combine the attached raster with a previously
created electronic map and to interactively create atlases of electronic
topographic maps, geographic and special maps, which are
nomenclature sheets of electronic materials sewn into a single block,
belonging to one or different blocks, belts, zones, which allows selecting
the zone number and recalculation of coordinates in the coordinate
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system of this zone, as well as automatic stitching of double and
guadruple nomenclature sheets.

There are also opportunities for interactive selection with the mouse
of nomenclature sheets for creating atlases on the layouts (prefabricated
tables - blank maps) of the corresponding subsystems and blocks
displayed on the screen and drawing lines of a dynamic coordinate grid
on a map of the area at the operator's command.

The program localizes the list of errors when stitching atlases with
the name of the error.

It is also possible to create an atlas from materials in different
projections, coordinate systems, with different units of measurement and
automatically determine the working area of the atlas by the spatial
position of the data and their coordinate system.

Development of a converter for converting digital terrain
models into a single platform format

Geospatial data materials are in various vector formats and, when
they are converted by standard means, there arises a problem of
ambiguous conversion of digital map data into the selected single format
- a combination of the ways of graphical representation of objects, a set
and attribute values (KB Panorama, 2020). In particular, it requires
establishing a correspondence between the attributes of objects on the
source map and objects on the map in a single format, processing
incorrect input of attribute values, etc.

A system is proposed for converting cartographic information
presented in the MID / MIF (MapInfo) exchange format into a single SIP
format.

The developed converter for re-designing the DTM allows a change
of the existing geospatial data from the original format to the unified
format of the SIP.

The converter allows users to accurately and reliably reformat
existing cards into a single format. The developed converter allows
forming the source digital data in the SGIP system, including both metrics
and semantics. The converter also provides an unambiguous conversion
of these materials to the SIPIP card format.

With the converter, the map data in the MID / MIF format is
converted to the SIPM map format. The converter parses a MID / MIF
file, forming both a graphic and semantic representation of objects.

Thus, the development of the SGIP will help achieve the goals of
creating a modern combat-ready army, the effective use of geo-
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information technologies in the implementation of combat control of
troops and weapons.

During the reporting period, the scientific group carried out the
following work:

- the analysis of the views of domestic and foreign experts on the
development of geographic information platforms;

- the structure of a special geographic information platform has been
formed;

- developed technical specifications for the SGIP;

- prepared technical specification for the acquisition of software and
development tools:

- a program for the formation of atlases of electronic terrain maps
has been developed;

- a converter has been developed for redesigning digital terrain
models (DTMs) into a single platform format.

The formation of the SGIP structure, the development of technical
specifications, the acquisition of the necessary software equipment and
the development of special programs will allow to:

- promptly display and use in work any popular area from a large
volume of source bases geospatial information (satellite images,
cartographic materials);

- along with electronic maps, create geographic information products
that are visualized in the form of layers of maps and tabular information;

- ensure the uniformity of requirements for protocols for the
exchange of geospatial information between users of the GIS;

- ensure the formation of electronic documents (orders, directives,
orders) and the issuance of commands when changing environmental
conditions;

- and, on the whole, create a single information space based on the
integration of generally applicable data and their descriptions by types of
functional activity at all levels (links) of the Armed Forces command.

Conclusion

The development of the State Information System will provide
managers of all levels of government agencies and organizations whose
joint activities are aimed at solving the problems of ensuring the military
security of the Republic of Kazakhstan with objective and operational
geospatial information, as well as increase the efficiency of decisions by
reducing the time to collect information about the area, to evaluate
current geospatial data and to communicate it to the troops. This will help
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achieve the goals of creating a modern combat-ready army, the effective
use of geo-information technologies in the implementation of combat
control of troops and weapons.

The development of special programs allows you to:

- promptly display and use in work any requested area of the terrain
from a large volume of source geospatial information databases (satellite
images, cartographic materials);

- along with electronic maps, create geographic information products
that are visualized in the form of map layers and tabular information.

In general, it will contribute to the creation of a single information
space based on the integration of generally applicable data and their
descriptions of the types of functional activities at all levels (links) of
command of both the Armed Forces and other troops and military units of
the Republic of Kazakhstan.
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Peswome:

BeedeHue/yenb: [JaHHasi cmambsi HarucaHa C Uerlblo O3HaKOMIIeHUS
Yumamersiel co 3Ha4YuUMoCmbio 2eouHghopMayuoHHol cucmemsl (FTMC) e
npoyecce moriogeode3udecko2o obecrieyeHuss 8CeX CesMEeHmos
KOMaHOHO20 yripasenieHusi U HeobxoOuMOCmbio pa3sumusi KOHuenuuu
nnamgopmbl TUIC, ocHoBaHHOU Ha 2e0UHGOPMAUUOHHBIX OaHHbIX U
QyHKUUSIX TOOOEPXKKU MpU MPUHAMUU PELeHUU.

Memodebi: lNpumeHsisi aHanumuyeckul rnodxo0 8 U3y4YeHUU UMEHUUXCS
MPUYUH, @ MakKXke Ha OCHOBaHUU orbima paseumusi cucmembl TUC 3a
pybexom, 8 daHHOU cmambe rpuesedeHbi coOepXKaHUe U apxumeKkmypa,
ycmaHoereHHou rnpogpammb| «Paspabomka crieyuarnsHou
2e0UHOpMayUOHHOU  nnamgopmbl 8  UHMepecax ObOPOHbI U
be3onacHocmu Pecrybniuku KazaxcmaH»

Pesynbmambi: B cmambe npusedeH kpamkuli 0630p AocmueHymozo
YPOBHSI ~ passumusi U Cmpykmypbl  eOuHoU  creyuarbHol
eeouHgpopmayuoHHol  nnamepopmbl - (CMUMM), komopass  6ydem
crnocobcmeosampb  OCyuwlecmesnieHuto  20cy0apcmeeHHbIx 3adad 8
co30aHuu cospemMeHHoU apmMuu U 3¢hcheKmUBHOM UCIMOMbL308aHUU
2€e0UHGOPMAaUUOHHLIX mexHono2uli 8 NodOepXKKe 800PYIKEHHLIM curam
Pecnybrniuku Kasaxcmar.

Bbigodbl: B cmambe paccmampueaemcsi 8a>KHOCMb CO30aHuUsi €0UHO20
2ocydapcmeeHH020 2eoepaghuyeckozo UHGbOPMaUUOHHO20
rpocmpaHcmea, 0CHOBaHHO20 Ha UHMezpayuu 2eorpocmpaHCMeeHHbIX
OaHHbIX Ha BCEX YPOBHSIX yrpaesnieHusl, @ maKkXe 8aXHOCMb yCmpaHeHUs!
OybriuposaHusi 6ro0xemHbix pacxodog rpu cbope u omobpaxeHuu
eeornpocmpaHcmeeHHoU UHhopmayuu. Coomeemcmeyroujee
rpuMeHeHUe  2e0UHGDOPMAaUUOHHbLIX mexHosoauli  bydem  makxe
criocobcmeosamb  M08bILIEHUIO  3ghgheKkmusHoCMU 8 yrpaesieHuu U
KOHMpPOJie 8OUHCKUMU (hOPMUPOBAHUSIMU U BOOPYXXEHUEM, a Mmakxe 8
co30aHuu  CcO8PeMEeHHOU  apMuu, 0020mMoBfieHHOU K  B0EHHbIM
KOHGbriukmanm.

Knrouesbie crnosa: 2eomornozpaghudeckoe U Kapmozpaghudeckoe
obecriedeHue, 2e0UHpOPMaUUOHHbIE OaHHble, 2e0UHGOPMaUyUOHHas
cucmema, gu3yanusayus, eeoepacgpuyeckuli 0630p,
aspoHasu2aUUOHHbIe  Kapmbl, MaaH  aopoda,  3MEKMPOHHbIU
gomoninaH, Mampuya ceolicme MecmHoCmu, asmomamu3uposaHHast
cucmema, OucmaHUUOHHOe 30HOUPOBaHUe.
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NMPUMEHA TEOMH®OPMALIMOHNX CUCTEMA Y OPYXXAHM
CHArAMA, OPYTM BOJCKAMA 1 BOJHUM ®OPMALINJAMA Y
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Epnat C. 3akujes®, ayTop 3a npenucky, Cepaej B. Marbkos®,

Komew B. Kana6aj®

@ HapogHw yHuBepauTeT oabpaHe ,[pBY NpeaceaHUK
Peny6nuke KasaxcrtaH — Enbacu”, ®akynteT MHopmaLMoHuX TeXHororuja
n 6e3benHoCTN MHOPMaLMOHKX cuctema, Kategpa crMynaumoHor
MogernoBakba U MHOPMaLMOHMX cUCTeMa,
Hyp-CynTtaH, Penybnuka KasaxctaH
HapogHu yHuBsep3auTeT ogbpaHe ,[pBu npeacenHuk
Penybnuke KaszaxctaH — Enbacu”, KomaHgHo-WTabHu chakynTeT,
KaTtenpa 3a ynpasrbane BOjCKOM 1 cnyxbama BOjHMX LTabosa,
Hyp-CynTtaH, Penybnuka KasaxcraH

® KasaxcTtaH NMC ueHTap” a.g.;
MehyHapoaHa akagemMuja Hayka, MIHCTUTYT 3a ekonorujy n 6e36egHocT
cTtaHoBHUWTBA M npupoge (MAHEB),
Hyp-CynTtaH, Penybnuka KasaxcTtaH

OBNACT: reovHopMaLMoHe TeXHonoruje
BPCTA YJ1AHKA: cTpy4Hu pag
JE3WNK YJTAHKA: eHrnecku

Caxemak:

Yeod/yure: Lurb pada je npedoyasare 3Hadaja 2€OUHGbOpMayUOHO2
cucmema (TMIC) y npouecy eeomoriogpaghckoe obesbefierba c8ux
ceaMeHama KomaHOO8ara U HeornxoOHocm paseoja KoHuenma [UC
nnamgopme 3acHogaHe Ha 2eO0UHOpMaUyUOHUM rnodauyuma y hyHKuuju
rnodpuike OoHoweHy 00syKe.

Memode: Kopucmehu aHanumuyku rpucmyn Ha 6a3u y3poka u cmpaHux
uckycmaea passoja [MIC cucmema npukasyje ce cadpxaj U
apxumekmypa yceojeHoe npozpama ,Pa3eoj nocebHe MC nnamgopme
3a 00bpaHy u besbedHocm Penybniuke KasaxcmaH’.

Pesynmamu: lNpuka3aH je docmueHym cmerieH pasgoja u cmpykmypa
JjeduHcmeeHe e2eoepaghbcke uHghopmauuoHe rinameopme (CrUMM) koja
mpeba Oa rocryxu ocmeapery Op)XasHUX yurbesa — cmeaparby
MolepHe eojcke U egbukacHOM Kopuwhery 2eouHhopMayUOHUX
mexHorioauja y nodpuwiyu opy>xaHuUM cHazama Kaszaxcmana.

Bakrbyyak: CaznedaH je 3Hayaj cmeaparba jeQUHCMBEHO2 OpxKagHoe2
eeozpagpckoe  UHGhopMauyuoHo2  fpocmopa,  3acHoe8aHo2  Ha
UHMeapayuju 2eonpocmopHUX nodamaka Ha CeuM HUsouMa opaaHa
ynpaerbama, Kao U 8aXHOCM efiuMuHucarka Oyrnnupara byyemckux
usdamaka npu u3padu e2eonpocmopHUX uHgpopmayuja. Takohe,
egukacHoO Kopuwhere 2eouHpopmMayuoHUX mexHorsoauja donpuHehe
crposohjerby bopbeHe KOHMpose mpyrna U Haopyxara U cmeaparby
ModepHe 8ojcke cripeMHe 3a 6opby.
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KmbyuyHe pedu: eeomonoepagpcka U Kapmoepagcka nodpuika,
2e0UHopMayUoHU nodauyu, 2e0UHopMayUOHU cucmenm,
gusyanusayuja, eeozpagpcku npeaned, aepoHaymuyke Kapme,
ypbaHucmuuyku rnaH, efieKmpoOHCKU ¢homoepadbCcKu rnnaH, mampuuye
Kapakmepucmuka mepeHa, aymomMamu30o8aHu cucmeMm, OasbUHCKa
demekuyuja.
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CABPEMEHO HAOPYXXAHE N BOJHA OMNPEMA
COBPEMEHHOE BOOPY>XEHVE 1 BOEHHOE OBOPYOBAHVE
MODERN WEAPONS AND MILITARY EQUIPMENT

Morbcka TeHkoBcKa donora’™?

Morbcka TeHkoBCcka noTa jegHa je of HajbpojHujux y EBponu
3axsarbyjyhm Benukom BojHOM OyueTy (MO €eBpOMNCKMM Mepunuma), Kao u
TeHKOBUMaA HacnefeHum of norbcke HapogHe apmuje. CacToju ce oA pyckux
TeHkoBa T-72M1, pomahux BapwjaHTu T-72 U pasnMunTUX Mogena Hemaudkux
TeHkoBa Leopard 2. Tlorbcka Ou npepctaBrbana npey nuHWjy oabpaHe vy
€BEeHTyarHOM KomnHeHoM cykoby uamehy Pycuje n 3anaga. Konuko je norbcka
TeHKoBCka ¢nota 3aucta cnocobHa? Kommko cy edwukacHe pasHe
MOZEepHU3auuje 1 KakBu cy nnaHoswm 3a oygyhHocT?

T-72M1s

Hajsehn Gpoj TeHkoBa y MorbCKoj Bojcun YnHe T-72M1 ca 350 Bosuna u
200 y onepaTtuBHOj ynoTpebu. Pagu ce yrnaBHOM O CTaHOAapAHMM TEHKoBUMa T-
72A n3 1979. roguHe, oNpeMrbeHUM MpPBUM reHepaumjama Tona 125 mm 2A46,

aKTUBHMM HORHMM HMLIAHOM W facepckum [arbMHOMEPOM Koju cHabaesa
nogauuma cuUcTeM 3a ynpaBrbawe BaTtpoM 71A40. Okrnon je u3dpaheH Ha 6asu

! The national interest November 15, 2019
2 Jane’s Defence Monthly, December 2019
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COBjeTCKE KOMMO3WUTHE TexHorornje: ceHaBuy-TekcTonuta n venuka. Kynona
uma oknon ,Dolly Parton”. OBu TeHkoBu 06e36ehyjy OCHOBHM HUMBO GopbeHux
CMocobHOCTM, anu cy BP0 3acTapenu y nopehewy ca CaBpeMEHUM PYCKUM
TeHkoBMMa. Hamme, cBa mofepHa MPOTMBTEHKOBCKA MyHMLMjA, YaK U naku
py4HM 6auauun, npobujajy okron oBMX TEHKOBA.

Cnepehn no 6pojHoctn cy TeHkoBn PT-91 Twardy. Y onepaTuBHOj
ynoTtpebu cy 232 TeHka oBor Tuna. Heku cy HoBu, npousBeaeHn y dabpukama,
OOK Opyrv NnpeacTaBrbajy MOAEPHU30BaHy Bep3unjy pyckor TeHka T-72M1 . OBaj
TeHK uma Behy MoryhHOCT npexuBrbaBawa, nocegyje MOrbCKM ynosopasad
nacepckor ospadewa Tmna SSC-1 Obra, cuctem 3a cysbujarmbe noxapa
DEUGRA, oknonHe nakete Tuna ERAWA-1 n 2 n 6auadye AMMHuX rpaHaTta Tuna
WGD-1 Erb w WPD-1 Tellur. OnpemrbeHn cy maTepujanoM 3a ynujamwe
paguvjaumje u naketuma Tuna ERAWA pagun ymawena pagapckor oppasa.
Haopyxarwe ce cactoju og Tona tuna 2A46 ynapeHor ca HOBUM MOSbLCKUM
aurntanHuMm cUCTeMoM 3a ynpasrbare BaTpoM Tuna DRAWA-1T. N3BpLueHe cy
n ogpefeHe MpOMeHe Ha ayToMaTCKOM nykady pagun noborblamwa Op3vHe
nykwena. HuwaHu cy yHanpeheHn Ha HMBO MacuBHOr HOhHOr ocMaTtpaka, AoK je
HULWaHLMja ONpeMibeH MPBOM reHepauujoM TepMmarnHor HulaHa u3paerncke
npoussogHe. Heke of TepManHUX HULLAHCKUX ChpaBa Kojuma je UCTekao POoK
Tpajaba 3amMerweHe cy goMahmm TepmanHWM HULWAaHCKMM cnpaBama Tpehe
reHepauvje Tuna Asteria-1. TeHK je onpemMrbeH jaynum MOTOPOM MOSbCke
npoussoghe nof HasmeoM Wola S-12U koju obesbehyje 850 KC y ogHocy Ha
780 KC opurnHanHor MmoTopa pyckor TeHka T-72M1.

Baxsarbyjyhu oknonHom nakety ERAWA, TeHk PT-91 uma mHoro Behy moh
npexuBrbaBawa Yy ofHocy Ha T-72M1. Kako ce ouerwyje, OKMOMNHW nakeT
ERAWA-1 ERA je Ha HuBOY edMKacHOCTW coBjeTckor naketa Kontakt-1 n3
ocamgeceTtux roguHa. ERAWA-2, kao npunuyHo edmkacaH OKMOMHM nakeT,
cacToju ce of [ABa Croja ekcnnosvBa y jegHom nakoBakwy. OBakaB Av3ajH
omoryhyje cy3bujarbe TaHAEMKYMYnaTMBHUX GOjeBUX rMaBa, Ka0 OHUX KOju ce
Hanase Ha py4YyHOM pakeTHom 6Gauadvy PG-7VR, NpOTMBTEHKOBCKMX BOMEHUX
paketa n TomnoBckMx 3pHa. MWcnoctaBuno ce pga naket ERAWA-2 moxe
HeyTpanucaTh pycke NPOTMBTEHKOBCKe BOfeHe pakeTe OO HMBOa ybBojuUTOCTM
pakeTe Konkurs. OBaj nakeT je HeyTpanucao u npojektune tona 125 mm 3BM15
n 3BK14M tna APFSDS v HEAT, nako He y cBakoj cuTyaumju. inak, pagu ce o
penaTtmBHO CTapum TOMOBCKUM MpojekTunuma, Aok naket ERAWA-2 n Huje
NPBEHCTBEHO HaMehEeH 3a HeyTpanucawe KUHETUYKUX npojektuna. MoaepHu
PYCKM TEHKOBCKM npojekTunu Tuna APFSDS n HEAT Bpno BepoBaTHO npobujajy
OBaj OKITOMHMW NakeT.

Ynpkoc ToMe, okrnonHu naket ERAWA-2, noctaBrbeH Ha NpeaH0j CTpaHu
TEHKa, HeyTpanuwe OejcTBo TaHaembojeBe rnase Tuna HEAT py4yHor Gauada
Panzerfaust 3-IT, koja, kako ce TBpau, npobuja 900 mm xomoreHor yenvka. OBu
nogaum notephyjy Aa 6u Taj oknon morao ga ogonu BehnHU pyyYHUX pakeTHUX
Oauaya pycke newaguje, Kao W Nakum U CpearuM NPOTUBTEHKOBCKUM
pakeTama, anu ce He O6M morao oabpaHUTM O KMHETMYKUX MpojeKkTMna ca
MOZEPHMX PYCKUX TEHKOBCKMX TOMOBa. Ha ocHoBy Tora mMorno 6m ce 3akiby4nTu
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ha je oknonHu naket ERAWA-2 wHdepuopaH y oQHOCY Ha KacHuje coBjeTcke
okronHe nakete Kontakt-5 n mopgepHe pycke oknonHe nakete tuna Relikt,
umajyhu y Bugy ga oHu 06e30eflyjy 3awTnTy O KMHETUMYKMX MeHeTpaTopa U
TaHOEMKyMynaTuBHUX 6ojeBux rnaea.

lMocToje U gpyrn HaunHW NoBehawa cTeneHa npexuBrbaBawa TeHKa, Kao
LUTO je mopaTak crioja 3a ynujake pagapckux Tanaca ¢ 063MpoM Ha TO Aa pycka
BOjCKa KOPUCTW 3emarbCke pagape y Benukoj mepu. Cuctem 3a ynosopaBare
pagapckor ospadumBara omoryhyje Gorbe ocmaTpawe TepeHa, na ce 4ak
KOPUCTU N y OCHOBHOj BEP3MjU cucTeMa 3a akTuBHy 3awtuty. Moryhe je ynaputu
OBaj cuctem ca bGauavyem AMMHUX OOMOU HAKOH OTKpMBaa KOHTUHYyMpaHor
nacepckor cHorna Koju ce KopucTu 3a HasBohewe MpoTMBTEHKOBCKe pakete. C
063MpoM  Ha  LIMPOKY  3acCTyMibeHOCT OBakKBOr  HauMHa  HaBohera
NPOTUBTEHKOBCKMX pakeTa Yy pPYCKOj BOjcLUM OBakaB pasBoj CUCTEMa Huje
3aHemaprbmB. Minak, Moxe ce 3akibyuynTu ga je oBakaB CUCTEM MHAEpPMopaH y
O[HOCY Ha pycku cuctem Shfora koju ce Hanasu Ha pyckum TeHkoBuma T-90, T-
90A n T80UK. ToTtnyHo onpemibeH cuctem Shiora obes3behyje moryhHocT
OMeTaha nacepckor HaBohena y3 ynotpeby emutyjyhinx ,0oumjy” ca obe ctpaHe
Tona.

O6a TeHka, PT-971 n norbckn T-72M1, kopucte ucty myHuumjy 3a ton 125
mMm. lMopen cosjeTcke myHuumje Tuna 30F19 HE-Frag, 3BK14M HEAT n 3BM15
APFSDS «oje nponssogm lNorbcka, noctoju u gomaha notkannbapHa rpaHaTta ca
nexHeTtpatopoMm tuna APFSDS. Pagu ce o npojektuny Pronit Koju KOpUCTK
npunarofeHn n3paerncku neHeTpartop ca rpaHate M7711 Mk 2, Tona og 120 mm.
LLinnke neHeTpaTopa 06e3beauno je Vspaen, anu cy MHOMM MManu HeJocCTaTke,
WTO je mM3a3Bano W MawW cKaHgan y norbckoj Bragu. TBpauM ce ga OBM
neHeTpaTopu MMajy NnpobojHoCT Ao 540 MM XOMOreHor Yyenvka Ha garbmHama oo
OBa KWOMETpa, anu je HaBoOHO pey O MawMM KonmyunHama. PasBujeHa je u
rpaHata nog HasumBom Pionki pomahe npou3BoAh-€, Koja HaBoOAHO npobuja Oo
520 MM xOMOreHor 4yenvka Ha garbMHama 00 ABa KunomeTtpa. M3secHo je ga
norbckn TeHkoBu tuna PT-91 unun T-72M1 He mory npobutn HnjegaH pyckn TEHK
npese nuHuje (T-72B3, T-80UM, T-90A) ca poHTanHe cTpaHe, jep HWXOBU
OKMNOMHWU MakeTu WTuTe oA npobujaka KMHETUYKUX NpojekTuna npobojHOCTM m
00 700 MM XOMOreHor Yenuka.

Morbcka je HeJaBHO Npukasana v HoBM Mofen TeHka PT-91M2 Ha kojem je
npuMenheHo HEeKONMKO HOBMHA Yy OOHOCY Ha panuju mogen PT-91. Pagu ce o
HOBOj AWrUTanHOj apxXUTEKTypu Koja omoryhyje uHTerpucame pasnuunuTux
CMCTEMa, Kao LUTO je cucTeMm 3a ynpasribake 6opbom. HoBu cuctemun omoryhyjy
KOMaHOupy W HUWAHUMjM Ja ce BUPTYENHO 3aMmewyjy Ha AuchnejuMa u
KOHTponama 6e3 ou3nykor nomepama.

Ceu unaHoBM nocage caga uMajy yHanpeheHe ocmaTtpadke cucTeme.
Bo3au n mexaHuvap gobunu cy gHEBHY M TepMarnHy ocmaTpadky kamepy Koja
nm omoryhyje nornea cnpega u otnosagn. HohHa HyWwaHcka cnpaea HuwaHLnje
caga je 3amewseHa ypehajem SAVAN-15 komnaHuje Safran n omoryhyje
OBOCTPYKO U deceTocTpyko nosehamwe y dyHKUMjM OHEBHOr ocMaTpana. OBaj
ypehaj je moryhe onuuMoHo 3amMeHUTM W AHEeBHOM kKamepom Tuna CCD.
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TepmanHa HuWaHCKa cnpaBa pagu y KpaTKoTanacHOM WM AyrotanacHoM
WH(ppaLpBEeHOM CrekTpy, a Aoaart je un nacepcku garbnuHomep gometa go 10 km.

bl |

TeHk PT-91M2

Ocmatpavkn ypehaj HuwaHuunje je He3aBUCHO cTabunusoBaH W pagu
He3aBUCHO O TOMa, LITO je pelumnno npobrem Koju je MocTojao Ha CTapujum
TeHkoBuMa T-72 kojuma ce ypehaj nogusao 3ajegHO ca TOMOM MPUIINMKOM
nyHeHa 1 Ha Taj HauuH rybro cnvky uurba.

KomaHamp caga KopucTu HesaBucaH ocmatpadkm ypehaj PASEO
KomnaHuje Safran, wTo omoryhaBa nocagu ga CnpoBOAM MMUCWje Tuna noBal-
ybuua y KojumMa KOMaHaMp nouupa MeTe U npefaje ux HUWaHuujn, a 3atum
Tpaxun HoBe meTe. Ypehaj je He3aBWCHO cTabunucaH u ykibydyje TB kamepy
BMUCOKe pesonyuumje y 6oju, Kao 1 TepManHu KaHan y kojem ce Mory tupatu
PasnNUUNTK CNeKTpariHW KaHanu.

TeHk Moxe OWTK onpemrbeH crioBadkuMm Tornom 2A46MS L48 wu
ykpajuHckum KBA-3 L48 koju cy uHaye cnu4vHu pyckom tony 2A46M-5.

TeHKk je onpemMrbeH CUCTEMOM 3a ynpaBrbakwe BaTpom SAVAN 15
AyToMaTCKu NyHad je M3MereH, Tako Aa NPojekTUnuM ynase y nyway nog yrriom
pagn kopuwhewa AyXKUX noTkanubapHux rpaHata Koje umajy moryhHocT
npobujarba go 740 MM Yenuka, LITO je OTNPUNNKE jeOHAKO PYCKOM MpojeKkTuny
Svinets.

TeHk je onpemrbeH moTopoM Renk ESM350M koju passuja go 1000 KC, a
nocToje n gpyre onuuje, kao WTo cy ESM350S komnaHuje Scania n motopu PP-
1000 v PP-1200 xomnanuje Yugoimport. Ha 3agH0j CTpaHU TEHKa NOCTaBIbEH je
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1 noMohHM MOTOP KOjUM Ce Hanajajy MHTEpPHW U eKCTEPHM CucTemMm TeHka Ges
YKIby4MBaH-a rmaBHOr MOTOpa.

3aWwTUTHX OKIMOM cacTaBibeH Of MIioYa EKCMI03NBHO-PEAKTUBHON OKrona
obesbenyje 3awWTMTY 0 jeauHayYHMX U TaHOEeMKyMynaTuBHMX ©0jeBux rnaea ca
pydHunx pakeTHux 6Gauadva. Minak, 3a Bpeme TecToBa je yTBphieHoda YKONMKO
npojekTunn yaape y nnody nog ogpeheHum Behum yriom He gonaswm go
akTMBauMje nro4ya eKCrno3nBHO-pPEAKTUBHOI oOkrona Beh 00 npobujara
OCHOBHE OKIOMHe nrove.

Pagn sawTtute og pyyHux pakeTHux Bauada, 3agra NONoBUHA TEHKa je
NMOKPMBEHA peLLIeTKacTUM OKIOMOoM .

Mocaga uma Ha pacnonarawy GPS HaBuraumoHu cuctem, HasBurauuoHu
cuctem TALIN 3000 INS v HOBM gurutanHu pagmo-KOMYHWKaLUMOHU cucTem
OTnopaH Ha omeTane.

Mopen pomahux TeHkoBa PT-971 n T-72M1, lNMorbcka nocenyje n 3HaTaH
Opoj Hemaukmx TeHkoBa Tuna Leopard 2: 142 TeHka Leopard 2A4 v 105 TeHkoBa
Leopard 2A5. Pagn ce o craHgapgHum TeHkoBuma Leopard 2 6es
MogepHM3aumje Koju Cy OMNpPeMIbeHUM OpPUIMHANHMM HEMayknuM  OKIIOMOM,
TepmanHuMm cnpasama, cTabunusatopMma W cucTemMuma 3a YynpaBibake
BaTpoM. [lorbcka enn fda Kynu joll OBUX TEHKOBA, anu ce cmakbyje 6poj
ApXaBa koje xerne ga ux npogajy. 3a caga Hu LWBajuapcka, WnaHuja, Mpyka un
®uHcka He oagroBapajy Ha noHyay lNorscke .

MyHuumja 3a TonoBe Hemaudkmx TeHkoBa 120 mm Tuna L/44 Huje MHoro
6orba of norbcke MyHuumje 3a Tonoese 125 mm. BehnHa npojektuna cactoju ce
oa MyHuumje DM33A1 APFSDS koja je kynibeHa ca TEHKOBMMA UM Koja rapaHTyje
NpobOjHOCT YennyHOr xoMoreHor okrnona o 560 mm Ha parbMHama o ABa
kunomeTpa. [ocToju u pgomaha rpaHata Tuna PZ-531 APFSDS, ann oHa
npobuja camo 500 go 520 mm xomoreHor Yyenuka. Heku nssopw HaBoge Aa ce, y
cTBapwu, pagu o npojektuny Tuna Pionki koju je ynakoBaH y kyhuwTte og 120 mm.
MocToju n norbcka pacnpckaBajyha rpaHata 120 mm PZ-511. lNMomumwy ce m
aHergoTe O MorbCKMM rpaHaTama 120 MM Kkoje Mpu McnarbvMBaky NPOU3BOAE
TONVKO AMMa fa UM Huje notpebaH Bauay AMMHUX KyTuja, a roBopuro ce u o
WHUNOEHTY Yy KOjeM je MOrMHyO MOSbCKM 4YNaH Mnocaje TeHKa MPUIiMKoMm
ncnaronBaka TEHKOBCKE rpaHaTe. Ha ocHoBy Tora 61 ce MOrno 3akrbyy4ntu ga
Morecka mMnak jow Huje OOCTUrNa HeMadku KBanuTeT Mpou3BOAHE TEHKOBCKUX
rpaHara.

Paan noborbluarka OKMOMHUX NakeTa Hemaykmx TeHkoBa 2A4 (koju ce Gawwu
HWCY [oKa3anu TOKOM Typckux onepaumja y Cupuju), norbcka apmuja nnaHvpa
MogepHu3aunjy cBojux TeHkoBa Leopard 2A4 Ha HuBO Leopard 2PL (mrm
2A4PL). HakoH TakBe moAepHu3auuvje odekyje ce ga Ou TeHkoBu 6unm vy
onepaTuBHOj ynotpedu cnegehux 30 rogmHa. HuBo mogepHusaumje je obmmaH n
cacTojao 61 ce o HOBOI OKMOMHOI NakeTa 3a Kymnony Koju 61 yKiby4mBao OKIloMn
cnuMyaH oHoM Ha TeHky Leopard 2A5. Ou4ekyjy ce ogpefieHe usmeHe Ha Tony,
nako 6u y CyluTMHM OCTao MCTK KpaTku L/44, camo wTto 6m morao mcnarbueatu
Hose rpaHaTe Tuna DM11 n DM63 koje 3axTeBajy komopy ca BehuM NpUTUCKOM,
anu n HoBe rpaHaTe ca nporpamupajyhum pacnpckaBaweM. [lpomeHe 6u ce
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OfHOCUNE W Ha 3ameHy XuapaynuyHuxX MexaHusama OKpeTawa Kyrnone ca
eneKkTpuMYHMM, WTo Ou ypaaurne norbcke KomnaHuje. TepmanHe Kamepe Ha
HEe3aBWCHO] HULLAHCKOj CnpaBuM KOMaHauMpa W HuwaHuunje 6une 6u 3amerbeHe
agomahum ypehajem KLW Asteria 1.

Military-Today.com

Leopard 2PL

HakoH oBakBe mopepHusauumje Leopard 2PL Buwe He Ou crnagao vy
cTaHgapaHe TeHkoBe Leopard 2, HUTK 61 mMorao gobujatn pesepBHE OENOBE M3
Tako3BaHor knyba LeoBen club, mefiyHapoaHe 3ajegHuUe KOpPUCHMKA TEHKOBA
Leopard 2. Y ToM crniyyajy pe3epBHU Oen0oBU OM CTU3anm N3 gpyrux formcTmyknx
npasaua. MopgepHusaumja je, 4uHM ce, pokycupaHa Ha MexaHu3oBaHe
onbpambeHe onepauuje. HegoctaTtak edmkacHor oknona Ha 604HMM CTpaHama
unn Ha camoj wacuju npumopasa Leopard 2PL Ha 6opby 13 npunpemrbeHnx
YKOMaHUX No3uumja U YMHU ra NPUNnYHO pamrBUM Y 0haH3MBHUM onepauujama.
To ce mpunuMyHO pasnuKyje of cMmepa KOjUM je KpeHyna amepuyka Bojcka ca
cBojum TeHkom M1A2 TUSK koju uma Bpro edumkacaH OG04HM oknon u
OKINOMIbeHa MeCTa OKO HULaHuuje pagu WwTo Beher cteneHa npexverbaBama y
rpagckum 6opbama. TpeHyTHO ce He MraHupajy HYKakBa yHanpehera norbcke
dnoTe TeHkoBa 2A5, ocum HabaBke MOAEpPHMWjEe MyHULMjE.

Pasmuwirba ce 1 0 pasnnuMtum HauynHUMa MoaepHusaumje riote TEHKOBa
PT-91 koje ykrby4yjy 3aMeHy TEHKOBCKMX TOMOBA Ca YKpajuHckum Tornosuma 120
Mm L/50 KMB-2 wunu crnoBadkum TonoBuma 125 mm 2A46MS, pgopaTHUM
OKIMOMHUM NakeTMma, jadmm MOTopuMa, MNOMOhHMM arperatuma u 605buUM
onTnykMM ypehajuma. 3a caja jow HuUWTa Huje oaslydeHo, jep ce pagun o
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MOZepHM3aLUmj1 Koja je Bpro ckyna, a He 6u 3HaTHO AonpuHena Behoj BaTpeHoj
mohu.

TpeHyTHO caMO jefaH MOFbCKM TEHK MOXe [a Ce CynpoTCTaBM HOBUM
PYyCKMM TEHKOBUMA, a To je Leopard 2A5. Maga, nutamne je aa nu 61 1 oH Morao
ca noctojehoMm MyHuUMjoM ga npobuje caBpemeHe pycke TeHkoBe. Moxaga ou
PT-91 npeacrtaBrbao eukacHO pellere, anv y apyroj ogopambeHoj nuuHmju.
HberoBu 3acTapenu cuctemmn 3a ynpasibake BaTpoM U Criabuju OKMOMHW NakeTu
oHemoryhunun 6u ra y maHeBapckoj 6opbu. MogepHusosaHu Leopard 2PL 6u
unak mMano NPOMEeHno OAHOC CHara, anv 40 MOAepHM3auuje joww Huje AoLno, a
nojaBnmo ce M ,HOBU Urpayvy’ Ha MOSbCKOM TPXMLWTY. Jy>XHOKOpejcka KomnaHuja
Hyundai Rorem koHkypucana je 3a pobujaie OrpomMHor yroBopa y BpeaHOCTU
of Yak 9 Mmunujapam gonapa 3a UCMOPYKY CBOjUX OCHOBHMX B60pGEHNX TEHKOBa
Tuna K2 Black Panther. N3Bopn HaBoge ga 6u JyxHa Kopeja morna pobutm
yroBop 3a ucnopyky 4ak go 800 TeHkoBa oBor Tuna. Pagu ce o TeHKy Koju je
jedaH on noctojeha Tpu TeHKa 4YeTBpTe reHepauuje, nopeq janaHckor TeHka
Type 10 n pyckor T-14. Typcka Beh npoussoam K2 Ha ocHoBY nuueHue, nof
Ha3sneoM Atlay, a nnanupa npoussogry Ao 1000 komaga. Takohe, nnaHupaHa je
n eeroa ncnopyka OmaHy.

K2 Black Panther

Tenk K2 wmorao 6um ce MHOro edwukacHuje CynpoTCTaBUTU PYCKUM
TeHkoBuma T-90M u T-80BVM, jep y ogHOCY Ha WX MMa MHOre npeaHoCcTw.
Black Panther je onpemrbeH HanpegHMM KOMMO3UTHUM OKTONOM, €KCMO3UBHO-
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peakTUBHUM OKIMOMOM U HEEKCNIO3UBHUM pPEeakTUBHUM OKMOMOM U HanpeaHum
CUCTEMOM 33 YyMpaBibake BaTPpOM MOBE3aHMM Cca pagapoM  BUCOKMX
dpekBeHLUMja KOjU ce Hanasum Ha npeawoj cTpaHu kynone. Tepmorpadcka
Kamepa MMa MOryhHOCT ,3akiby4yaBarba Ha Lurby”’ 1 omoryhaea TeHKy Aa npatu
mMeTe Ha darbuHama go 9,8 km. Pagap ca mMunumeTtapckmm CHOMOM MOXe Aa
OTKpMBa Hagonasehe pakeTe Ha OCHOBY 4era KOMMjyTep TeHKa TpuaHrynaumnjom
oapehyje npaeay, pakeTe u naHcupa nHdpaupeeHe gumHe obnake. Takohe, K2
MOXe AenoBaTh 1 kao apTurbepujcko opyhe rahajyhu mete Ha Bpno Benukum
yoarbeHocTma. 3axsarbyjyhu crabunusaTopyma TEHK MOXe wucnarbvmeatu
TONOBCKe rpaHate Aok ce kpehe 6p3avHom o 70 kM Ha caT. Wako ce pagu o
CKYNoM TEHKY, OH je W pJdarbe jedTuHuju opf dpaHuyckor TeHka Leclerc u
6puTtaHckor Challenger 2.

Mopen nHTepeca 3a oBaj TeHK, lNorbcka je 3anHTepecoBaHa U 3a KOpPejcKy
camoxofHy xaybuuy K99, a Ty je n noteHumjanHa HapyLbuHa Behe KonuuuHe
amepwuykmx noeaua F-35. OcTaje ga ce Bugn ga nu MNorbcka Moxe Aa nogHece
TOJIMKE TPOLLKOBE.

LpazaH M. Byukosuh (Dragan M. Vuckovi¢),
e-mail: draganvuckovic64@gmail.com,

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

JanaHcku HeBuarbueu nosaw?

Y JanaHy ce pasmullirba 0 Npou3BoAwM gomaher foBua, anu ce jasuna
avnema ga nv je 1o ucnnatmeo.

Y anpuny 2016. roguHe 6enu mnaswak ca LpBEHUM U NaBuM geTtarbmma
uspynao je ca aepogpoma Nagoya y JanaHy u noneteo. JanaH je nocrtana
YyeTBpTa [Jp)XaBa Koja je pasBuna CBOj HeBuarbuBwm aswoH Mitsubishi X-2
Shinshin.

[lBe roguHe KacHuje, HakOH TpuaeceT WM 4eTBPTOr MNpobHor nerta, oA
nnaHupaHux negeceT, marneaum Hucy pobpu 3a GyayhHocT nosua Shinshin.
JanaHcke camooabpambeHe cHare npMMopaHe cy Aa oanyde Aa nv he Janad
Npou3BOAUTU HOBY reHepauujy HeBUArbMBOr Nnosua wnu he ra nopyuuTn of
3eMarba npoussohaya. HajHoBMju n3BellTaju ykasyjy Aa TOKMO unak Haruwbe
Opyroj onuuju.

Usnasu Raptor, ynasu Shinshin

JanaH nma camoogbpambeHe cHare ymMecTo KnacudHe BojcKe, LUTO 3Ha4yn ga cy
opyXaHe cHare noTnyHO OpujeHTMCaHe Ha oabpaHy CBOje OCTPBCKE ApXaBe of
Ba3gyLWwHUX U nomopckux Hanaga. OBaj 3ajaTak nocTaje CBe KOMMIEKCHUjM
3axBarbyjyhm Benukoj KuHeckoj BasaylwHoj ¢noTtu, MohHMM apceHarnom
GanucTUUKNX paketa cpefHer AOMeTa U CBe ja4yoj KMHECKO] MOMOPCKOj (oIoTy.
CBake roavHe janaHCKW JIOBUM WMajy HEKONMKO CTOTMHA  BasgyLUHUX

3 The National Interest November 8, 2019
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npecpeTama KMHECKUX U PYCKMX BOjHMX NeTenuua. JanaH ce cyo4aBa ca HOBOM
NneTom reHepaLmnjoM KMHecKMx rnoeaua J-20 kojuma ce 3a cafja CynpoTCTaBrbajy
aomahu nosum F-15 n F-2 (oomaha Bep3uja F-16).

Mitsubishi X-2 Shinshin

Tokmo je kpajem [OBageceTor Beka MOKywWao Aa HabaBu amepuyke
HeBuasbMBe noBue F-22 Raptor koju cy Taga cmaTpaHu 3a Hajborbe y ovyBaky
Ba3gylwHe npemohu. Mehytum, amepudkn KoHrpec je 3abpaHuno n3Bo3 nosua, a
npecTtana je u kerosa nNnpoussBodxa. YMeCTo Tora, janaHcke camooabpambeHe
cHare cy Hapyuune v npuMmune y onepaTuBHy ynotpeby 42 nosua F-35A, nako
OHW HUCY Ha HMBOY F-22.

JanaHcKkn MHCTUTYT 3a TEXHUYKO UCTpaXuBake U pasBoj je, He3aBUCHO 0
HabaBke aBMOHa, Npoy4YyaBao TexHomnorujy HeeBuarbmeocTU. Kako cy mm CA[L
3abpaHune Tectupana 2005. roguHe, MIHCTUTYT je nocnao MakeTy HeBUASbUBOT
nosua y dpaHuycKy paan TecTupakwa pagapckor ogpasa. JegaHaecT rogvHa
KacHuje, janaHcka komnaHwja Mitsubishi npukasana je HanpegHu TeXHUYKU
aemoHcTtpatop — Advanced Technical-Demonstrator (AT-D) nog HasnBom X-2.
Mporpam pasBoja HEBMAILMBOP aBMOHA je OO caja kowTao JanaH npeko 360
MunuoHa gonapa u ykibyumo je 220 nogmssohauya, Tako ga je 90 npoueHaTta
aenoea netenvue AT-D gpomaher nopekna.

HdemoHcTpaTop X-2 je manux aAumeHsuja, camo YeTpHaecCT MeTapa AyXuHe,
MMa pacnoH Kpuna o geset metapa n macy ao 10,5 ToHa, jep Huje npeasuheHo
Aa Hocx BUNo KakBo HaopyXae.
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YMecto ynotpebe onnate of pagapckux ynujajyhux maTepujana,
aemoHcTpaTtop Shinshin n3paheH je og HepednekTyjyher cunmkoHckor kapbuaa
N KepamuKke, Ma je M Kyrnora nurioTcke kabuHe HanpaBrbeHa Of crneuujanHe
TaHke nerype. [lopeg Tora, MOBPLIMHY feTenuUE YMHE OLWTpe WBULE W
HejeHaKe KpMBMHE paaun ymakwera pagapcke pednekcuje.

JanaHcku 3BaHWYHUK MUHUCTapCTBa ofdpaHe TBpau Ada ogpas Shinshin-a
Huje Behn oa Benuke GybawBabe Ha garbMHama o4 AeceT kuromeTtapa. To ce
nogygapa ca msjaBama u3 amepudke Bojcke ga F-35 wma papapcku oppa3s
nonTuue 3a rond, a Raptor pagapcku ogpas bybaiweabe. C gpyre cTpaHe, HEKM
BOjHM aHanuTMyapu mnak cMmaTpajy da pagapcku ogpas X-2 Buwe oarosapa
oppasy kuHeckor J-20, HapounTo 360r KoHUrypaLmje BEKTOPCKUX MIa3HuLa.

[Ba janaHcka moTtopa XF5-1 npeacrasrbajy npBe janaHcke MriasHe MoTope
onpemrbeHe dopcaxeMm. WMspaheHn cy of KepamMUYKMX  KOMMO3UTHUX
mMaTepujana ca [JenoBuMa Jferype TuTaHujyma OTMOPHUX Ha  BUCOKE
Temnepatype. /3gyBHM geo cBakor MoTopa MMa Tpu gena Kojuma ce MocTuxe
TPOOUMEH3NOHANHN MOTUCAK (BEpTMKANHO W XOPU3OHTANHO) KojuMa ce
omoryhaBa Bpro BMCOKa MaHeBapcka cnocobHocT. KacHuje he netenvue y
CEpUjCKor NPOM3BOAHKKU MMaTU MOKPETHE M3OQyBHE MMasHuiue pagu garber
ymar-eHa pagapckor ogpasa.

Nako moTopu aBmoHa X-2 umajy notucak og no 2494 «kr, 3axsarbyjyhu
Manoj TexwuHu netenuue omoryhasajy noctusawe 6p3vHe of npeko ABa mMaxa
NN KOHCTaHTHY CynepcoHuYHy 6p3nHy 6e3 ynotpebe cdopcaxa.

Shinshin je, Takohe, uHTerpmucao n apyre janaHcke texHonoruje. MogepHu
FOBLM KOPUCTE KOHTPOINHe cucteme Tuna fly-by-wire ymecto xuapaynuyHux, OOK
je komnanwja Mitsubishi oTnwna v kopak parbe ynotpebrbaBajyhmn dunbep-
ONTWYKa BMakHa Koja Opxe npeHoce MogaTke W OTMNOPHMja Cy Ha
enekTpomarHeTHe Hanage. ABUMOH X-2 ONpeMsibeH je u ,camononpasrbajyhum”
KOHTPOMMHMM CUCTEMOM KOju OTKpMBA LUTETY Ha KOHTPOMHUM MOBpLUMHaMA
aBMOHa M ayToMaTckum npunarofaBa ynoTpedy ApyrMx KOHTPOSIHWX MOBPLUMHA
pagv KoMneHsauuje neta.

00 demoHcmpamopa 0o nosua: Mitsubishi F-3?

Shinshin Huje npoToTUn Ha OCHOBY kKojer he ce passujaTy NPOU3BOLHM
MoZen Beh  TexXHOMOLWKW AeMOoHCTpaTop. Haume, MHOro je jegHoctaBHuje
pasBujaTM HEHAOPYXaHW MNaskak Hero BOjHY feTenuuy Koja HOCU Xurbage
Kunorpama Opy>XHUX cpefcTaBa, KOMMjyTepe 1 efIEKTPOHCKE CUCTEME.

TakaB HeBuasrbMBU roBau, nof HasuBoMm Mitsubishi F-3, TpeHyTHO ce
Hanasw y paHoj KOHLEeNnTHOj asn. JanaHckn MuHucTap oabpaHe m3jaBuo je ga
O4YeKkyje BEenuKM, ABOMOTOPHU HEBUOSBMBM NOBaL, koju Gu Morao ga Hocu Oo
LIeCT pakeTa Basgyx-Basgyx M Koju 6u morao yhu y cepmjcky npomsBoahy 0f
2027. roguHe. JanaHcke camoogbpambeHe cHare wumajy notpeby 3a Oko
CTOTMHaK OBaKBUX NeTenuua koje 61 3ameHune crtapuvje janaHcke npecpertadve
Tuna F-15J n F-4EJ Phantom.

NoanHe 2019. JanaH je noveo ca TecTupaweM HOBUX MMasHux motopa XF-
9-1 koju 6m reHepmcann 11 go 12 ToHa cysor notucka unm 15 go 16 ,BnaxHor”
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noTucka (nymnakeM ropvea y cdopcaxy) n koju 6u nsgpxasanu Temneparype
no 1800 crenenu Lenaujyca. ok moTopu nosua F-22, aea F119, npoussoae
cHary go 13 ToHa cyBor notucka u 17,5 ToHa ,BnaxHor” notucka, MOTopu Tuna
XF-9 cy po 0,5 m kpahu n 30 cM yxu o4 amepuykmx, WTo 6u omoryhuno suie
NpocTopa 3a yHyTpaLlke CpeMuLLTE.

Csaku motop XF-9 moxe reHepucatu HeBepoBaTHux 180 kW cTpyje, wto
61 mMorno 6uTn ynoTpebrbeHO 3a Hanajawe AMPEKTHUX EHEPTreTCKNX OpyXja Kao
WTO Cy nacepu W pajapcka MUKpoTanacHa oOpyXja HamereHa npxewy
KOMMjyTEPCKNX Kona y 6anucTnykmm npojekTunuma koju bu ce kpetanu npema
janaHckMMm ocTpBMMa.

WNHCTpYMeHTM y KOKMMTy ©Ounmu ©6u KOHLEHTpUCaHW Ha gucnnejy Ha
MUNOTCKOj Kauurn CNperHyToj ca Benvknum OUCNejoM of TEeYHOr KpucTtana, Kao
LWITO je pelueHo Yy nosuy F-35. PasBujeH je uHTepdejc YoBek-mMalliMHa Ha OCHOBY
BELUTAYKE WHTENUreHuvje pagu onTumusauumje npoToKa nogataka M Mamber
ontepehera nunoTa.

JanaH je, Takohe, NCTpaxuBao AaTanvHKOBE BENWKUX Op3nHa Kojuma 6u
oMM yMpeXxxeHn CceH3opy U kojuma Om ce pasmewmBanuM nogauu ca
caBe3Hu4kum cHarama. OBakBuM [JaTanvHKoBM Ounu ©uM  HeonxogHuu 3a
CynpoTCTaBibawe OPOjHUjUM HenpujaTerbCKMM aBUOHMMA Kao LUTO CY KMHECKM
HeBuAasrbMBM nosau J-20 nnu npeactojehn Hesuarbmen 6ombapaep H-20.

MocToje ABa jaBHOCTM AOCTYNHA MoAena — jedaH Koju nuum Ha F-22, gok
An3ajH gpyror nogceha Ha wWecTy reHepauujy nosaua 6e3 BepTMKanHor pena,
cnvyaH KoHuenty Boeing F-A-XX. ABMOH ©M OMO onpemIbeH HanpeaHuMm
MyNTUMYHKUMOHANHUM pagapoM Koju He camo wTo 6u oTKpuBao Hagonasehe
aBMoHe Beh OW CNyXMO M Kao eNeKkTpoMarHeTHW CEeH30p, Ma Yak U Kao
MUKpOTanacHo OpyxXje 3a OHecrnocoOrbaBate HEenpujaTerbCKUX EneKTPUYHUX
cuctema.

Mehytnm, Tokom anpuna 2018. roamHe, areHuumja Pojtepc je nssectuna ga
Cy janaHcke ogbpambeHe cHare opnyyune Qa 3aycTaBe pas3Boj pomaher
HeBUASbMBOr NTOBLA AOK ce He Hahe MHOCTpaHu napTHep. YKOMUKO ce He AoHece
oanyka o buHaHcupawy, Oyaoyhu nosau F-3 Hehe ce Hahu y cnegehem
neTorogvwkeM nnaHy ogdpaHe.

JanaH ouyekyje na 6u pa3Boj gomaher HEBUABLMBOr NMOBLA KOWTAo Yak 40
MuUnvjapan gonapa wmHuumjanHux Tpolikosa. [opehewa pagu, 2018. roguHe
YKyNHU rogvwmn BylleT oBe 3eMrbe 6vo je 46 munujapam gonapa u cnaga y
Hajsehe go capa.

Kao wrto je 3akmbyyveHo y CALl ook cy pa3Bujanu HoBe TexHonoruje 3a F-
35, mHore cTtBapu Mory nohu Haonako, y3pokyjyhu BpemeHcka Kallkersa U
yBehawe TpowkoBa. Ctora je Mmoxga Oorbe uHBecTMpatn y noctojehe
TexHororuje, oHe Koje cy Beh passujeHe, HEero NpPMxXBaTUTN PU3KK.

F-35 npomus F-3

MHorn aHanuTuyapw cy npegeugenu ga he 6utn HanywTeH nporpam F-3
HakoH LWTO je Tokuno objaBno Hamepy aa Habasu 105 gopaTtHux noeaua F-35A u
F-35B Lightning, nopen 42 koja cy Beh HapyyeHa. Tokmo 64 Morao uak
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HabaBuTK BMLUIE OBaKBMX JloBaua U TO Opxe M jedTuHWje Hero wTo 6u Gunu
npou3eBefeHn y janaHckum gabprkama.

Mnak, F-35 je HameneH, Npe cBera, 3a onepauuje Basayx-sasayx, Aok je F-
22 Raptor HaMmereH 3a NocTu3ane BasayLliHe HagMohu.

OpnbpambeHe BasgylwHe naTtpone npeactaBrbajy nNpuUMapHy  MUCU)Y
janaHckux camoonbpambeHmx cHara. KnHecko BOjHO Ba3gyxonsyioBCTBO MMa
LWeCT nyTa BULLE aBMOHA, a HajHOBUjM NOBUM, Kao wTo cy J-11D un J-20, Bpno
©p30 Mory npectuhu janaHcKy TEXHOMOLLKY npemMoh.

HeonxogHo je Aa BoOjHM NOBUM MMajy Benviku AOMeT 3a Ayre naTpone,
BEnuKy Bp3nHy Kojom 61 Bunmn nNpecpeTHyTU HenpujaTerbCkM aBUOHM Npe Hero
wrto ©6u ynoTpebunu CcBOje  NpOTMBBAa3dylWHO opyxje. [lo  Tum
KapakTepucTukama, ctapu janaHcku nosum F-15J Eagle npesasvnnase aBuoHe -
35.

Mnak, mann pagapcku ogpas nosua F-35 n mMohHUM ympexeHu ceHsopwu
YMHE ra MHOro Xwnasuvjum UK onacHujum of nosua F-15 koju ce Moxe
JeTeKkToBaT Ha MHoro Behum garbmHama. [JaHac JanaH Tpaxu foBua Koju 6u
610 HeBnaIbMB U NocBeheH 6opbama Basgyx-Basayx.

LpazaH M. Byukosuh (Dragan M. Vuckovi¢),
e-mail: draganvuckovic64@gmail.com,

ORCID iD: “='http://orcid.org/0000-0003-1620-5601
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Mo3mB N YTIYTCTBO AYTOPUMA
NPUMALLEHWE N MHCTPYKUNA 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 CNyXMW 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, 1SO 18, 1ISO 690,
ISO 690-2, 1ISO 999 1 ISO 5122, ogHocHo ogroeapajyhum gomahvum ctaHgapavma.

BojHoTtexHuuykun 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 MwuHuctapctBa onbpaHe u Bojcke Cpbuje. Yaconuc objaBrbyje HaydHe WM
CTPYyYHEe YnaHke u3 obracTn OCHOBHUX UCTpaxuBamwa (MatemaTvke, padyyHapCcKkux Hayka
M MexaHuke) M TexXHOmNoWKOr  pasBoja  (eneKkTpoHWKe,  TenekoMyHuKauwja,
MHPOPMaLMOHKX TEXHONOMMja, MalLMHCTBA, MaTepujana 1 XeMmjCKMX TEXHOMOoruja), kao un
TEXHWYKE MHOpPMaLWje O CaBpeMeHUM CUCTEMMMAa Haopyxawa W CaBPEMEHWM BOjHUM
TexHornorvjama. Yaconuc npatu jeanHCTBEHY MHTEPBMAOBCKY TEXHUYKY noApLuky Bojcke
Ha MPWHUMMNY FOrMCTUYKE CUCTEMCKE MOoApLUKEe, 06MacTh OCHOBHMX, MPUMEHEHUX W
pasBOjHMX UCTPaXMBaHa, Kao N NPOM3BOAHY M yNoTpeby cpeacTaBa Haopyxama 1 BojHe
onpeme, Te ocTana Teopuvjcka 1 nNpakTnyHa AocTurHyha koja 4OnpuHOCE ycaspluaBakby
CBMX MpunagHuka cprcke, pervoHanHe u MehyHapogHe akagemcke 3ajegHuue, a
noce6Ho npunagHuka MuHucTapcTea onbpaHe n Bojcke Cpbuje.

YpehuBadka nonutvka BOjHOTEXHWMYKOr rnacHuKka 3acHMBa ce Ha npenopykama
Opbopa 3a etnyHocT y mspgasawTBy (COPE Core Practices), kao n Ha Haj6orbmm
npuxeaheHnM npakcama y Hay4yHOM usgaBallTBy. BojHOTexHMYKM rnacHuk je unaH COPE
(Committee on Publication Ethics) og 2. maja 2018. roguHe.

MwuHucTapcTBO npocBeTe, Hayke W TexHomnowkor passoja Penybnuke CpbOuje,
carnacHo oanyuu m3 unada 27. ctaB 1. Tadka 4), a no npubaBrLEHOM MULLILEHY U3
ynaHa 25. ctaB 1. Tauka 5) 3akoHa 0 Hay4yHoOUCTpaxmBaykoj aenatHocTu (,CryxbeHu
rmaciuk PC”, 6p. 110/05, 50/06-ucnp. wu 18/10), yTBpAMNO je kaTeropusauumjy
BojHoTexHu4kor rnacHuka, 3a 2019. roguHy:

3a 06nacT TEXHOMOLLKM pa3Boj:

— Ha NIMCTU Yaconuca 3a efieKTPOHUKY, TerleKOMyHuKauuje u nHopmaumoHe
TexHonoruje:

kaTeropuvja Bogehu Hay4HM Yaconuc HaumoHanHor 3Ha4vaja (M51),

— Ha NIMCTU Yaconuca 3a MaTepujane m xeMmjcke TexHonorumje:

KaTeropuvja Hay4YHu 4aconuc HaumoHanHor 3Ha4vaja (M52),

— Ha NIUCTM Yaconuca 3a MalNHCTBO:

KaTeropwvja Hay4Hu 4aconuc HauMoHanHor 3Hadvaja (M52),

3a 06nacT OCHOBHA UCTpaXuBaka:

— Ha NIUCTM Yaconuca 3a MaTemMaTUuKy, padyyHapcke Hayke U MeXaHWUKY:

KaTeropuja Hay4Hu yaconuc (M53).
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YcBojeHe nucte gomahux yaconuca 3a 2019. roguMHy mory ce BMAETU Ha cajTy
BojHoTexHuukor rnmacHuka, cTpaHuua Kameeopu3sayuja 4vaconuca (MwuHucTapcTBO

npoceeTe, Hayke M TexHonowkor pa3soja Penybnuke Cpbuje jow yBek Huje 06jaBuno
3BaHWYHy KaTeropusauujy Hay4Hux Yaconuca 3a 2020. roguHy).

HeTtarbHuje nHopmauuje mory ce npoHahu U Ha cajty MuHucTapcTBa npocseTe,
Hayke 1 TexHornoLkor pa3soja Penybnuke Cpbuje.

Mopaum o kateropusaumjym mory ce npatutu u Ha cajty KOBCOH-a (KoH3opuujym
6ubnunoteka Cpbuje 3a objeanHeHy HabaBky).

KaTteropusauuja 4yaconuca ussplueHa je npema MpaBUnHUKY O NOCTYMKY U HaYUMHYy
BpedHOBaka W KBAHTUTATMBHOM MWCKa3vBaky Hay4YHOMCTpaXuBaukmMx pesynrtata
ncTpaxusaya, Koju je nponucao HaumoHamHM caBeT 3a Hay4YHU M TEXHOMOLWIKU pPasBoj
(Cnyx6enu rmacHuk PC, 6poj 38/2008).

Y cknagy ca OBMM npaBuSIHUKOM W Tabenom O BpPCTU W KBaHTUMMKaUuju
VMHAMBUAYaNHMX Hay4YHOMCTpaxumBaYknx pesyntaTa (y cactasy [NpaBunHuka), objaBrbeHn
pag y BojHoTexHuM4koMm rnacHuky BpefHyje ce ca 2 6opa (kateropuja M51), 1,5 6og
(kaTeropuja M52) n 1 6og (kaTteropuja M53).

Yaconuc ce npatu y koHTekcty Cpnckor umtatHor uHaekca — CUWHpekc (6asa
nogartaka gomahmx HayvyHuX yaconuca) u Pyckor nHaekca HaydHor uutmpawa (PUHL).
MopBprHyT je cTanHOM BpegHOBakwy (MOHWTOPWHIY) Y 3aBUCHOCTM O YTULAJHOCTK
(vmnakta) y camum 6Gasama u, nocpepHo, y mehyHapogHum (Clarivate Analytics)
uuTaTHAM  MHOekcuma. [letarbM O UWHAEKcUpawy Mory ce BuaeTn Ha  cajTy
BojHOoTexHM4KOr rnacHvka, cTpaHuula MHoekcupare Jacornuca.

BojHoTexHuukn rmacHuk omoryhaBa u  npumewyje Creative  Commons
(CC BY) ogpenbe o aytopckum npasuma. [etarbM O ayTOpCKMM MpasBuma Mory ce
BUAETW Ha CajTy Yaconuca, cTpaHuua Aymopcka npasa u rnonumuka camoapxusupara.

PapoBn ce npepajy nytem OHMajH cucTeMa 3a €MeKTPOHCKO YypehuBawe
ACUCTEHT, koju je pa3suo LieHTap 3a eBanyauujy y obpasoBamny u Hayum (LLEOH).

MpucTtyn u peructpaumja 3a cepBuC BpLUE Ce Ha cajTy www.vig.mod.gov.rs, npeko
ctpaHuue ACUCTEHT wnm  CUMHOEKC, o0QHOCHO  OMPEKTHO  Ha  JIMHKY
aseestant.ceon.rs/index.php/vtg.

[eTarbHO ynyTCTBO O perucTpauuvjy 1M npujaBu 3a CEpBUC HamnasuM ce Ha CcajTy
www.vtg.mod.gov.rs, cTpanuua Yrnymemeo 3a ACUCTEHT.

MoTpeGHO je pa ce cBM ayTopu Koju MogHOCEe pykonuc 3a objaBrbuBame Yy
BojHoTexHuukoM rnacHuky peructpyjy y peructap ORCID (Open Researcher and Contributor
ID), npema ynyTcTBY Ha CTpaHuMum cajta Peeucmpayuja 3a 0Oobujare ORCID
udeHmucgbukayuUoHe wugpe.

BojHOTEXHMYKM rNacHUK ObGjaBrbyje YnaHke Ha CPrICKOM, PYCKOM W EHINECKOM je3nKy
(arial, cpncka hupunuua unm cpncka naTmHuua, BenvuuHa cnosa 11 pt, npopea Single).

MocTynak npunpeme, nucarwa u ypehueara ynaHka Tpeba ga Oyge y carnmacHocTu ca
U3jasom o0 emuykom nocmynarsy (http://www.vtg.mod.gov.rs/izjava-o-etickom-postupanju.html).

UnaHak Tpeba fa cagpxu CaxeTak ca KibydHUM peuvma, yBod, pa3pagy, 3aKibydak,
nMTepaTypy 1 pesrmMea ca Kiby4YHUM peyrma Ha EHINECKOM M PyCKoM je3uky (6e3 Hymepauwje
Hacnosa 1 nogHacnosa). Obum unaHka Tpeba ga Gyae oko jeaHor aytopckor Tabaka (16
cTpaHuua copmata A4 ca npopeaom Single), a HajsuLe 24 cTpaHuLe.

UnaHak Tpeba ga Oyne HamucaH Ha obpacly 3a nucake 4raHka, Koju ce y
€NeKTPOHCKOj hopMM MOXe Npey3eTy ca cajTa Ha cTpaHuumn Obpasay, 3a rnucare YiaHka.

396




Hacnos

Hacnos Tpeba ga ogpaxkaBa TeMy YnaHka. Y MHTepecy je yaconvca v aytopa aa ce
KOpWCTE peyn NpuknagHe 3a UHAEKCUpame U npeTpaxvBake. AKO TakBMX pevn Hema y
HacroBy, NOXerbHO je Aa ce npuaoda u nogHacnos. Hacnos Tpeba ga 6yae npeseaeH u
Ha €HrMecKN N pyCcKu jesuk.

OBwW HacnoBwm UCNUCYjy Ce UCNpen caXeTka Ha ogroBapajyhem jesuky.
Tekyhu HacnoB

Tekyhn HacrnoB ce ucnucyje ca CTpaHe CBake CTpaHuLEe 4YnaHka paau nakiwle
naeHTudukaumje, nocebHo Konuja ynaHaka y enekTpoHckoM obnuky. Cagpxu npesvve u
MHUUMjan MMeHa ayTopa (ako ayTtopa Mma Bulle, NpeocTany ce o3Hadyaeajy ca et al.”
unu 1 ap.“), Hacnoee paga v Yaconuca u konauujy (rognHa, BONlyMeH, CBECKa, NoveTHa
1 3aBplUHa cTpaHuua). Hacnoeu yaconuca v YnaHka mMory ce Aatu y ckpaheHomM obnuky.

Ume ayTopa

HaBoau ce nyHo ume v npesnme (cBux) aytopa. Beoma je noxersHo ga ce HaBepy
N cpedkwa crnosa aytopa. MimeHa u npesavmeHa gomahux ayTopa yBeK ce UCMuUCyjy Y
OopurMHanHomMm obnuky (ca CpnckMM AujakpUTUYKMM 3HAKOBMMA), HE3aBUCHO Of je3nika Ha
KOjeMm je HanucaH pag.

HasuB ycTaHoBe ayTopa (achmnujaumja)

Hasogwu ce nyH (3BaHW4HM) HA3MB M CeauLUTe YCTaHOBE Yy KOjoOj je ayTop 3anocreH, a
€BEHTYarnHo M Ha3uWB YCTaHOBE Yy KOjoj je ayTop 00aBuMO WCTpaxuBame. Y CIOXEHVUM
opraHu3aumjama HaBoaM ce yKyrHa xujepapxwuja (Hnp. YHuBepauTeT oabpaHe y beorpagy,
BojHa akapemuvja, Kategpa npupogHo-matemaTuykux Hayka). bap jegHa opranusauuvja y
Xvjepapxvju Mopa 6uUTM MpaBHO Nuue. AKO ayTopa UMa BWLLIE, a HEKU MOTUYYy U3 UcTe
yCcTaHoBe, Mopa ce, NMocebHVMM O3HakamMa WM Ha OpYrM HauuH, Ha3HauiTh U3 Koje of
HaBedeHMX yCTaHOBa MOTMYe CBakM oOf HaBedeHux aytopa. Adwunujaumja ce ucnucyje
HernocpeaHO HakoH MMeHa ayTopa. PyHKLUMja 1 3BaHe ayTopa Ce He HaBozde.

KoHTakT nogauu
Anpeca unu e-agpeca CBUX ayTopa aje ce nopes MMeHa 1 npes3mmeHa ayTopa.

KaTeropuja (Tun) unaHka

Kateropusauuja unaHaka obaBe3a je ypegHuwTBa M of nocebHe je BaXHOCTW.
KaTteropujy 4naHka mory npegnaraTv peueH3eHTW U YNaHOBM YPEeAHWULLTBA, OLHOCHO
ypeoHuum pybpuka, anum OOroBOPHOCT 3a KaTeropusauujy CHOCU WUCKIbYYMBO [MaBHU
ypenHuk.

UnaHun y BojHOMexXHUYKOM 2riacHUKY KnacuguKyjy ce Ha HaydHe U CTpy4dHe
ynaHke.

HayuHn unaHak je:

— opurMHanaH HayyHu pag (pag y Kojem ce M3HOCe MNpeTXodHO HeobjaBrbeHu
pesynTaTi COMCTBEHNX UCTPaXMBaka Hay4YHUM METOO0M);

— npernegHun paz (pag Koju cagpXv OopurMHanaH, getarbaH U KPpUTUYKM Npukas
UCTpaxuBaykor npobrema wnu nogpyyja y Kojem je aytop ocTBapuo oppeheHu
OONPYHOC, BUAMLMB Ha OCHOBY ayTouuTara);

— KpaTKO WM MPEeTXOOHO caomnLiTehe (OpUrMHanHU HayYyHu paj nyHor dopmarTa,
anu mawer obvmMa nnv NpenuMUHapHor Kapakrepa);

— Hay4Ha KpuTuKa, OOHOCHO nonemuka (pacnpasBa Ha ogpefieHy HayyHy Tewmy,
3aCHOBaHa MCKIbY4MBO Ha Hay4HOj aprymeHTaumju) 1 OCBpTU.
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M3y3eTHO, y Hekum obnactuma, HayyHM pag Yy 4aconucy Moxe uMatyu obnuk
MOHorpadcke CTyauvje, kao W KPUTUYKOT m3gawa HayyHe rpahe (MCTOpujcKo-apXmBCKe,
nekcukorpadpcke, Oubnunorpadcke, npernega nogaraka Mo Cn.), JOTaj HenosHate wunm
He[0BOIbHO MPUCTYNaYHe 3a Hay4YHa UCTPaXVBakHa.

PafoBu knacudrkoBaHu kao Hay4yHW Mopajy umaTu Gap ABe No3UTUBHE peLieH3uje.

AKo ce y yaconucy oGjaBrbyjy M NMpUrosn BaHHAy4yHOr KapakTepa, Hay4Hu YnaHum
Tpeba fa Gyay rpynucaHmy v jacHo U3aBojeHu y MPBOM [erny CBecke.

CTpyyHM YnaHak je:
— CTPyYHU pag (Mpwumor y KojemM ce HyAde WCKycTBa KopucHa 3a yHanpehene
npodecroHarnHe npakce, anu Koja HUCY HY>XHO 3acHOBaHa Ha Hay4HOM MeTOAY);

— UHGOPMaTMBHM Npunor (yBOAHWK, KOMEHTap v cn.);

— MpuKa3s (Kiure, padyHapckor nporpamMa, cny4yaja, Hayy4Hor gorahaja, u cn.).
Je3uk paga

Jesunk paga moxe BUTK CPMCKK, PYCKU UMW EHFMECKN.

TekcT Mopa BUTK je3andkn u CTUMCKU JoTepaH, cucTematusoBaH, 6e3 ckpaheHuua
(ocum cTaHpgapaHux). Cee husunyke BenuurHe Mopajy 6utn nspaxeHe y MehyHapoaHom
cucTeMy MepHux jeamuuua — Sl. Pegocnen obpasaua (popmyna) o3HayaBa ce peaHuMm
6pojeBMMa, ca fecHe CTpaHe y OKpyrnnM 3arpagama.

CaxeTak (ancTpakT) U pesume

CaxeTak (ancTpakT) jecTe KpaTak MHopMaTuBaH npukas cagpxaja YnaHka Koju
ynTaouy omoryhaBa ga Op30 M TayHO OLEHW H-ErOBY PerneBaHTHOCT. Y WHTepecy je
ypegHvWTaBa M aytopa [a CaxeTak CaapXu TepMMHE KOoju ce 4YecTo Kopucte 3a
MHAeKcUpare 1 npetpary unaHaka. CactaBHW OenoBu caxeTka Cy LWib UCTpaxuBama,
mMeToau, pe3ynTtatu u 3akrbydak. Caxetak Tpeba ga nma og 100 go 250 peum n Tpeba ga
ce Hanasu usmely 3arnaerba (HacnoBs, UMeHa ayTopa M Ap.) W KIbYYHUX peyn, HaKOH
KOjUX crieam TEKCT YnaHka. AKO je paj HanmcaH Ha CPrCKOM WM PYCKOM je3UKy, MOXerbHO
je Aa ce, nopepn caxeTka Ha CPrCKOM M PYCKOM, Aaje M CaxeTaK y npoLMpeHoM obnuky
Ha EHrMeckoM je3unky — kao T3B. pe3ume (summary). OBakaB pe3ume Tpeba aoa Oyne Ha
Kpajy 4naHka, HakoH ogereka Jlutepatypa. BaxHo je oa pesume 6yge y CTpyKTypvpaHoM
06nuKy, a heroBa gyxuHa moxe 6utn go 1/10 gyxvHe ynaHka (ONWMPHUK je oA caxeTka
ca noyeTka 4naHka). lMoyeTak oBor peammea Moxe 6TV NpeBefeHn caxeTak (ca noyeTka
ynaHka), a 3atum Tpeba Oa cnege npeBeAeHU MaBHW HACNoBW, NOAHACMOBM U OCHOBE
3aKrbyyKka YnaHka (nutepaTypa ce He npesoaw). [ToTpebHo je Aa ce y CTpyKTypuMpaHoM
pesnmMey npesBefe M Aeo TeKCTa WCMOA Hacrosa M nogHacnosa, Bogehu pavyHa ga oH
6yade nponopuuoHanaH HhUX0BOj BEMMYMHK, @ Aa ogpaXasa CyLUTUHY. HakoH peavmea Ha
€HINeckoM je3nky (NpoLuMpeHor caxeTka) JoAaje ce HeroB NpeBod Ha cprnckom, Aa bu
pepakuuja nsspLUUna NpoBepy 1 NeKTypy.

KrbyuHe peun

KrbyyHe peun cy TepMuHuM unun dpase Koje agekBaTHO npeacTaBrbajy cagpxaj
ynaHka 3a noTpebe MHOekcMpara 1 npeTpaxusawa. Tpeba ux gogersmeatu ocnamajyhu
ce Ha Hekn MeflyHapogHu u3BOp (MOMWUC, PEeYHUK WM Te3aypyc) Koju je Hajwuvpe
npuxsaheH wnn yHyTap Aate HayyHe obnactu. 3a Hnp. HayKy yonwTe, TO je nucTa
kKiby4Hux peun Web of Science. Bpoj krbyyHux peun He moxe 6utm Behu oa 10, a y
MHTEepecy je ypeOHULITBA M ayTopa Aa yyecTanocT wuxoBe ynotpebe byae wro Beha.
KrbyuHe peuu Oajy ce Ha je3uKy Ha KOjeM je HanucaH unaHak (CaxkeTak) U Ha eHrneckom
jesuKky. Y unaHky ce nuLly HeMocpedHO HaKOH CaxeTka, OAHOCHO HaKoH pesumMea.
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Cunctem ACUCTEHT y Ty cBpxy kopuctu cneuujanHy anatky KWASS: aytomartcko
eKcTpaxoBame KIbyYHUX peyn M3 AUCUMMIUHapHMX Tesaypyca/pedHuka no usbopy wu
pyTuHe 3a HuXxoB opabup, Tj. npuxsaTawe OAHOCHO ofAbaumBare of CTpaHe ayTopa
n/vnu ypeaHuka.

[JaTtym npuxBaTara 4naHka

Hatym kaga je ypeOHULITBO NPUMWIIO YraHak, AaTyMm Kaja je ypeOHWLLTBO KOHaYHO
npuxBaTWIO 4naHak 3a objaBrbMBake, Kao M OaTyMu kaja cy y MehyBpemeHy
[JOCTaBIbeHe eBeHTyaslHe UCMpaBKe PyKONuUca HaBoAe Ce XPOHOMOLWKUM pefocreom, Ha
cTanHoM MecTy, No NpaBumy Ha Kpajy YnaHka.

3axBanHuua

Hasue n 6poj npojekTa, 0AHOCHO Ha3MB Nporpama y OKBMPY Kojer je YnaHak HacTao,
Kao W HasMB MHCTUTYUMje Koja je dhMHaHcMpana npojekat unu nporpam, HaBogu ce Yy
noce6Hoj HAaNOMEHW Ha CTanHOM MECTY, Mo NpaBuIy Npu OHY NPBEe CTpaHe YnaHka.

MpeTxoaHe Bep3uje papa

AKO je YnaHak y MnpeTxodHOj Bepauju 61O M3MNOXeH Ha CKynmy y BuAay YCMeHor
caonwTewa (MOA MCTUM UMW CAIMYHUM HACMOBOM), nogatak o Tome Tpeba ga Gyde
HaBedeH y NocebHOj HanomeHw, No Npaswuny Npu AHY NpBe cTpaHe ynaHka. Pag koju je
Beh objaBrbeH y HEKOM 4aconucy He Moxe ce 06jaBuTu y BOjHOTEXHUYKOM rmacHuKy
(npewTamnaTu), HA NOZ CAMYHUM HAacNoBOM U U3MEHEHOM OBIMKY.

TaGenapHu u rpacuykn npukKasm

MoxerbHO je Aa HacrnoBW CBUX Mpukasa, a no mMoryhcTBy U TeKcTyarnHu cagpxaj,
6yny naTv ABOjE3VNYHO, Ha je3UKy pafia U Ha eHITIECKOM je3uKy.

Taberne ce nuLWy Ha UCTWM HAYWH Kao M TEKCT, a 03Ha4yaBajy ce peaHum Gpojesmma
ca roptbe cTpaHe. doTorpadmje n uptexu Tpeba ga 6yay jacHu, npernegHu 1 NOrogHn 3a
penpoaykuujy. Lptexe Tpeba pagmtu y nporpamy word wmnm corel. ®otorpacduje n
upTexe Tpeba NOCTaBUTU Ha KEIbEHO MECTO Y TEKCTY.

3a cnuke u rpadMKoHe He CMe ce KOPUCTUTUM CHUMaK ca €eKpaHa padyHapa
nporpamMa 3a npukynrbare nogartaka. ¥ camom TEeKCTY YnaHka npenopydyje ce ynotpeba
cnuka u rpacomkoHa HenocpeaHo U3 nporpamMa 3a aHanuady nogaraka (kao wTto cy Excel,
Matlab, Origin, SigmaPlot u gpyru).

HaBoRhewe (untnpame) y Tekcty
HauyvH nosvBara Ha M3BOPE Y OKBMPY YraHka Mopa 6uTu jegHoobpasaH.

BojHOTEXHUYKM rNacHuK 3a pedepeHumpare (UMTmpare u HaBohewe nutepartype)
npumetrbyje XapBapAcku cuctem pedepeHun, 0GHOCHO XapBapACKM NPUPYYHUK 3a CTUM
(Harvard Referencing System, Harvard Style Manual). ¥ camom TekcTy, y 0buyHuM
3arpagama, Ha MecTy Ha KOjeM Ce BpLUM MOo3uBawe, OOQHOCHO UMTMpake nutepartype
HabpojaHe Ha kpajy YnaHka, o6aBe3Ho y 0bMYHOj 3arpaau HanucaTy Npes3vme UMTMpaHor
ayTopa, roavHy m3gawa nybnvkauuje ns koje umtupate WU, eBeHTyarnHo, 6poj cTpaHuua.
Hnp. (Petrovi¢, 2012, pp.10-12).

[leTarbHO ynyTCTBO O HayMHy LMTMpara, ca MpMMepuma, AaTo je Ha CTpaHuum
cajta Ynymcmeo 3a XapeapOcku rpupy4HuK 3a cmus. MNMotpebHo je oa ce no3vBame Ha
nuTepaTypy Yy TeKCTy ypaau y ckrnagy ca MOMeHYTUM ynyTCTBOM.

Cuctem ACUCTEHT y cBpXy KOHTpone HaBohera (uuTupama) y TEKCTY KOPUCTU
cneuujanHy anaTky CiteMatcher: oTkpuBame M30CTaBIbLEHUX LMTaTa Yy TEKCTY paga vy
nonucy pedgepeHLm.
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HanomeHe (cpycHoTe)

HanomeHe ce gajy npu AHy cTpaHe Ha Kojoj Ce Hanasu TeKCT Ha Koju ce ofHocCe.
Mory cagpxatn make BaxHe AeTarbe, AoMnyHcka objalbersa, HasHake 0 kopuwheHum
n3sopumMa (Ha npumep, Hay4yHoj rpafu, npupyyHuumMma), anv He Mory GuTu 3ameHa 3a
uMTUpaHy nuteparypy.

INucra pecdepeHuun (nutepartypa)

LinTupaHa nutepatypa obyxsata, no npasuny, bubnuorpadcke m3sope (4naHke,
MOHorpadmje 1 cn.) n gaje ce UCKIbYUMBO Y 3acebHOM oferbKy unaHka, y Buay nucre
pedepeHun. PedepeHue ce He npeBofe Ha je3unk paga v Habpajajy ce y nocebHom
OferbKy Ha Kpajy ynaHka.

BOjHOTEXHMYKM MMACHUK, Ka0 Ha4YuH MUcnMca nutepaTtype, Npumenyje XapsBapacku
cuctem pedepeHun, ogHOCHO XapBapAcku npupyyHuk 3a ctun (Harvard Referencing
System, Harvard Style Manual).

Jlntepatypa ce o6aBe3HO nuile Ha NaTMHWUYHOM NUCMY U Habpaja no abeueaHom
pepocneny, Hasogehu Hajnpe npesvmena aytopa, 6e3 Hymepauuje.

[eTarbHO ynyTCTBO O HauMHy nonuca pedepeHuM, ca npuMepuma, AaTo je Ha
CcTpaHuuu cajta Ynymcmeo 3a XapeapOcku npupyyHuUk 3a cmus. MNoTpebHo je pa ce
nonuc nuTepaTtype Ha Kpajy YnaHka ypaau y cknagy ca noMeHyTUM yryTCTBOM.

HecTtangapgHo, HeNoTnyHO MM HedocnegHO HaBohewe nuTepaTtype y cuctemmuma
BpegHoOBawa 4aconuca cmatpa ce [OOBOJbHMM pasfioroMm 3a ocnopaBawe HaydHor
CTaTtyCa 4Yaconuca.

Cnctem ACUCTEHT y cBpxy KOHTpOmne npaBWiHOr mMcnuca nucte pedepeHum
KopucTu crneumjanHy anatky RefFormatter: koHTpona obnnkoBama pedeperum y cknagy
ca XapBapACKUM NPUPYYHMKOM 3a CTUI.

MponpatHo nucmo (camo 3a aytope u3 Penybnuke Cpbuje n no nocebHom
3axTeBy ypeaHwuka)

Mopepn ynaHka gocTaBrba ce NponpaTHO NUCMO Y Kojem Tpeba ncrahum o Kojoj BpCcTh
ynaHka ce pagwm, Koju cy rpadumudku npunosu (dotorpadumje n LpTEXU) OpUrMHanHU, a
KOju NO3ajMIbeHMN.

Y nponpaTHOM NMCMy HaBoAe Ce U nofaun aytopa: Mme, cpefhe CrnoBso, npesvme,
YuH, 3Bake, e-mawn, agpeca nocnogasua (BI1), kyhHa agpeca, TenedoH Ha pagHOM
MecTy n kyhHu (MOGUIHK) TenedoH, padyH 1 Ha3mB B6aHke, CO mecTa cTaHoBawa, 6poj
nu4yHe kapte u JMB rpahaHa.

CBU pagoBu Noanexy CTPy4HOj peLieH3uju.

Cnucak peueHseHaTa BojHOTEXHMYKOr rmacHuWka Moxe ce BUOETM Ha CTPaHuLM
caita Cniucak peueH3eHama. [lpouec peueHsvpawa objallkbeH je Ha cTpaHuum
cajta PeueH3eHmcKuU rnocmynak.

Appeca pepakuuje:

BojHOTEXHMYKM rNacHNK

Berbka Jlykuha Kypjaka 33

11042 Beorpag

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
MaBHM 1 0AroBOPHU YPeaHWK
mMp Hebojwa MNahelwa, aunn. nHx.
nebojsa.gacesa@mod.gov.rs,
https://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 «BoeHHO-TEXHMYEeCKMIn BECTHWMK» pa3paboTaHa B COOTBETCTBUM C AKTOM O
pPeAakTVpPOBaHMM  Hay4HbIX >KypHamoB MwuHucCTepcTBa HaykM W TEXHOMOTMYECKOro
pa3sutusa Pecnybnukn Cepbusi, Ne 110-00-17/2009-01 ot 09.07.2009 r. MNpumeHeHne
3TOro AKTa CnocobCTBYeT MOBBLILLEHWUIO KayecTBa OTEYECTBEHHbIX XXypHanoB u ux Gonee
nonHomy BOBIIEYEHUIO B MeXOyHapoaHyto cuctemy obmeHa
Hay4HON nHopmaumen. MHCTpyKUns 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-TexHuuyeckun BecTHUK (Vojnotehnicki glasnik / Military Technical
Courier), BTr.M0.ynp.cp6, www.vtg.mod.gov.rs/index-ru.html, ISSN 0042-8469 -
neyatHoe wusgaHue, e-ISSN 2217-4753 — online, UDK 623+355/359, DOI:
10.5937/VojnotehnickiGlasnik; https://doi.org/10.5937/VojnotehnickiGlasnik, saBnsaetca
MYNbTUANCUMNIIMHAPHBLIM Hay4HbIM XXypHanoMm MuHucTepcTBa 060pOHbI 1 BoopyKeHHbIX
cun Pecnybnukn Cepbus.. B xypHane nybnukytoTcs HaydHble U NpodeCcCUOoHarnbHbIe
cTaTbk, uccriegywowme Takme obnacTu Kak: MaTemMaTuka, KOMMbITEpHble Hayku W
MexaHuka, a TawkKke 0bnactM  TEXHONOrMYecKOro  pasBUTUSA:  SNEKTPOHUKA,
TENEeKOMMYHMKaLUMKN, UHAMOPMAaLMOHHbIE TEXHOMNOMUK, MaLMHOCTPOEHME, maTtepuansl u
XMMUYECKME TEXHONOMMU, B XypHane Takke MyOrnukyeTcs: TexHuyeckast MHpopmaums o
COBpPEMEHHbIX CUCTEMaX BOOPYXEHUS U COBPEMEHHbIX BOEHHbIX TexHonorusx. XKypHan
cneguT 3a e€AVMHOM  MEXBUOOBOW TEXHWUYECKOW MOAAEPKKOW BOOPYXKEHHBLIX CuUM,
OCHOBaHHOW Ha NPUHLIMNAX CUCTEMHOM NOTUCTUKK, 33 NPUKNAAHbIMUA U UHHOBALMOHHBLIMMA
Hay4YHbIMW MCCregoBaHMAMU, B TOM 4ucne, B obrnacTv NpoOu3BOACTBA BOOPYXEHUS U
BOEHHOW TEXHWKW, U 33 MPOYUMU TEOPETUYECKMMU W MPAKTUYECKUMU OOCTMKEHUSIMU,
KOTOpble CMNOCOOCTBYIOT MpodeccnoHansHOMy pOCTy npeacTaButenen cepbcekoro,
perMoHanbHOro ”  MeXayHapoA4HOro akagemudeckoro coobuwiectBa, U 0cobeHHO
BoeHHocnyxawmx MuHuctepctea O6opoHbl U BoopyéEHHbIx cun Pecnybnuku Cepbusi.

PepakumoHHasa nonutuka XypHana «BOeHHO-TEXHMYECKMI BECTHWK» OCHOBaHa Ha
pekomeHpauusax Komuteta no atuke HayyHbix nybnukauunm (COPE Core Practices), a
Takke Ha nydwen npakTuke B Hay4yHO-U34aTenbCKOM AeaTenbHocTU.  «BoeHHo-
TEeXHMYEeCKUn BECTHUK» saBnseTcs uneHom COPE co 2 masa 2018 ropa.

MuHuCcTEPCTBO 00pa3oBaHUsi, HaykM W TEXHOMOrMYeckoro pas3sutus 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 («Cnyx6eHn rmacHuk PCx», Ne 110/05, yTBepauno kateropusaumio «BoeHHo-
TEXHWYECKOro BeCTHMKa» 3a 2019 roa;:

Kateropun B 06rnacTtu TEXHONMOrMYeCckoro pa3BuTus:

— O6nacTb 3NeKTPOHUKU, TeNIEKOMMYHUKaLMIN U MH(POPMALMOHHbLIX TEXHONOTUN:

BEAYLLMIN HAY4YHbIV XXYpHan HauMoHanbHoro 3HavyeHusa (M51),

— ObnacTb MaTepuanoB U XMMU4YECKOM TeXHONOru:

HayYHbIW XXypHan HauMOHanbHoOro aHaveHns (M52),

— ObnacTb MexaHUKK:

HayYHbIV XXypHan HauMoHanbHoro 3HaveHuns (M52).

Kateropun B 06racT OCHOBHbIX UCCIEL0BaHUIA:

— Obnactb MaTemMaTuKa, KOMMNbLIOTEPHbIE HAYKU, TEXHUYECKME HAYKW:

Hay4HbIV xxypHan (M53).
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C vHopMaLmen oTHOCUTENBHO kaTeropusaumm 3a 2019 rog MOXHO O3HAKOMUTBCS
Ha cTpaHuue canTta «BoeHHO-TexHu4eckoro BecTHMKa» Kameeopu3ayusi BecmHuka
(MUHMCTEPCTBOM MPOCBELLEHNS,, HAyKM W TEXHONOrM4eckoro passutus Pecnybnuvku

Cepbus noka He npousBedeHO OMULMANbHOMO PaHXMPOBAHUSA HAayYHbIX XYpHanoB 3a
2020 rop).

Boree nogpoGHyld WHMOPMaLUMIO MOXHO HaWTM Ha cante MwuHucTepcTBa
06pa3oBaHus, Hayku 1 TexHonornyeckoro pa3suTtusi Pecny6nuvkm Cepbus.

C uHdopMaumen o Kateropmsaumym MOXHO O3HaKOMWUTLCS M Ha cavTte KOBCOH
(KoHcopuunym 6ubnuotek Pecnybnvkn Cepbusi no Bonpocam o6beaAnHEHUS 3aKyrok).

KaTeropnsaums BectHyka npoBegeHa cornacHo [lonoxeHuto o nopsigke v cnocobe
KaTeropmsaumm Hay4yHO-UCCrenoBaTenbCKMX pe3ynbTaToB, YTBEPXKAEHHOrO HaumoHanbHbIM
KOMWUTETOM MO Hayke 1 TexHonormam (Cnyx6enn rmacHunk PC, Ne 38/2008).

B cootBeTcTBUM C Bblweyka3aHHbIM [lonoxeHneM u Tabnuuen c nokasaTensmu
Knaccudukaumm M KaTeropusauuMmM  MHOMBUAyarnbHbIX  HAyYHO-MUCCREAOBaTENbCKUX
pesynbTaToB, SBMSIOWENCA HEOTbEMIEMON YacTblo [lonoxeHusi, HayyHas CcraTtbs,
ony6nvkoBaHHast B «BOEHHO-TEXHMYECKOM BECTHUKEY, OLIEHMBAETCS CreayrLwyM CriocoboM:
2 6anna (kateropusa M51), 1,5 6anna (kateropusa M52) n 1,5 6ann (kateropus M53).

XKypHan cooTtBeTcTBYeT cTaHgapTam CepOGCKoro MHAEKCa Hay4yHOro LMTUPOBaHMUS
(CUNHpekc/SCIindeks) — HaykomeTpudeckon 6a3bl  [aHHbIX  Hay4HbIX >KypHanoB
Pecny6nukn Cepbus, a Takke Poccuickoro nHgekca HayvHoro umtuposanus (PUHLL).
>KypHan nocTosiHHO nogBepraeTcsi MOHWTOPUMHIY W OLEHMBAETCH KONMYECTBEHHbLIMU
HayKOMETPUYECKUMU MOKasaTensamu, OTpaXKallMMW €ro Hay4Hyl LEHHOCTb, B T.4.
onocpefoBaHHO B MeXAyHapoaHbIx uHaekcax uutmuposaHus (Clarivate Analytics).

C vHdopmaumerr 06 MHOEKCUPOBaHNM MOXHO O3HAaKOMUTBLCS Ha CTpaHuue canTa
XypHana MHOekcuposaHue BecmHuka.

«BoeHHOo-TeXHMYeCKNA  BeCcTHMK»  obecneynBaeT 4uTaTensM  BO3MOXHOCTb
OTKpPbLITOrO  [OCTyrna, B  COOTBETCTBAM C  MNOMOXEHUAMM 00  aBTOPCKMX
npaeax, yTBepxaéHHbiMm Creative Commons (CC BY). C wuHcTpykumenn o6
aBTOPCKMX NMpaBax MOXHO O3HAKOMWTLCS HA CTpaHuue Aemopckue rpasa u noaumuka
camoapxusuposaHusi, nepenada no ceoinke http://www.vtg.mod.gov.rs/index-ru.html.

Pykonucu ctaten HanpaBnsloTCs B peAakumio XypHana ¢ ucrnonb3oBaHvem online
cuctembl ASSISTANT, 3anyweHHon LieHTpom nogdepxu pasBuTus obpasoBaHus U
Hayku (LINPOH).

Pernctpauus B cucteme n ocopmneHne npaB [OCTyna BbINOMHAETCA N0 agpecy
http://www.vtg.mod.gov.rs/index-ru.html, yepes ctpanuuy ASSISTANT wnv CLUNHOEKC
(aseestant.ceon.rs/index.php/vtg).

C VHCTpyKUMen no pernctpauumM u npaBaM AOCTyNa MOXHO O3HaKOMWUTbCS MO
agpecy http://www.vtg.mod.gov.rs/index-ru.html, Ha cTpaHuue UWHCcmMpykyus o
ASSISTANT.

Bce aBTopbl, NpefocTaBnsiolMe CBOM pykonucu Anst nybnvkauum B pepakuuio
XypHana «BOeHHO-TeXHMYeCKUA BECTHWMK»  [OSDKHbI  NPOUTU  NpenBapuTeNbHYHo
pernctpaumio B peectpe ORCID (Open Researcher and Contributor ID). 3ta npoueaypa
OCYLLECTBNSIETCS B COOTBETCTBUM C WMHCTPYKUMEN, pasMELLEHHOW Ha CTpaHule canTta
Pezaucmpayus e peecmpe ORCID 0ns1 npucgoeHust udeHmugukayuoHHO20 Koda.

«BoeHHOo-TexHWYecKknii BECTHMK» NybnukyeT ctatbn Ha cepbCKOM, pyCCKOM wnuv
aHrnunckom sisbikax (Arial, wpndT 11 pt, npoben Single).
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Mpouecc nNOArOTOBKWM, HanNUCaHUs U PEedaKTUPOBAHUS  cTaTbM  [AOIMKEH
OCYLLECTBNATLCA B COOTBETCTBMM  C  MpuHUMNaAMu  dmuyecko2o  Kodekca
(http://lwww.vtg.mod.gov.rs/etichyeskiy-kodyeks.html).

CraTbsl OOmkHa cofepXaTb aHHOTauMio C KM4YeBbIMU CroBaMu, BBeOEHUE,
OCHOBHYI0 4acCTb, BbIBOAbl, CMMCOK WCMOMb30BaHHOW nuTepaTypbl U pes3loMe C
KNIOYEBbIMM  CMOBaMU  Ha  aHIMUNCKOM  a3blke  (6e3  Hymepauum 3arofioBKkOB U
noasaronoskoB). O6bLEM cTaTbuM He AOIPKEH MpeBbilwaTb OAMH aBTopckui nuct (16
cTpaHuy cbopmaTta A4 ¢ npobenom Single).

Cratbs gomkHa ObiTb HabpaHa Ha KOMMbIOTEPE C UCMOSb30BaHWEM CrieumarnbHO
NMOArOTOBMNEHHOINO  pefakuMen MakeTa, KOTOpbIi  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. 3aronoBOK AOMKEH ObiTb NepeBedéH Ha aHrMMACKUA A3blk. HassaHue
3aronoBka (nogsarosioBka) NULLETCS Nepes aHHOTaLUMEN Ha COOTBETCTBYIOLLEM SA3bIKE.

TeKyLwmii 3aronoBokK

TekylwuniA  3arofiloBOK MNULIETCS B TUTYNE KaXZOW CTpaHuubl cTaTbM C  LENbio
YMpOLLEHMs npoLuecca naeHTUgmKaLmmn, B NepByo odepedb KONuini CTaTben B SMNEeKTPOHHOM
Buae. 3aronoBok coaepXuT B cebe hamunuio 1 uHMuman MMeHn aetopa (B criydae ecnm
aBTOPOB HECKOSbKO, OCTarnbHble 0603HavatTes ¢ «et al.» unm «u ap.»), Ha3BaHue padoThbl
N XypHana (rod, TOM, BbIMyCK, HadarnbHas W 3akfiouvTenbHas CTpaHuua). 3aronoBoK
CTaTby 1 Ha3BaHUWe XypHana MoryT ObiTb NPMBEAEHbI B COKPALLEHHOM BUAE.

®PUO aBTOpa

MpuBoasATca nonHas damunms 1 NonHoe uMs (Bcex) aBTopoB. XKenatenbHo, YTobbl
6bINKn ykasaHbl MHMLUMANbI 0TYeCTB aBTopoB. ®amunusa n nmsa aBTopoB u3 Pecnybnuku
Cepbus Bcerga nuwyTca B OpurMHanbHOM Buae (C cepbeckMMu  AMakpuTUYECKUMun
3Hakamu), He3aBMCMMO OT A3bIKa, HA KOTOPOM HanucaHa paboTa.

HaumeHoBaHue yupexpeHus asTopa (acdpcmnuaums)

MpvBognTCcA MonMHoe (oduMuManbHOE) HaMMEHOBaHWe W MEeCTOHAaxXOXAeHue
yypexaeHusi, B KoTopoM paboTaeT aBTop, a Takke HauMeHOBaHWe y4pexaeHunsl, B KOTOPOM
aBTOp NPOBEN uUccnegoBaHue. B crniydyae opraHnsaumin Co COXHOWM CTPYKTYPON NPUBOAUTCS
X nepapxumyeckas CONOAYMHEHHOCTb (Hanp. BoeHHas akagemus, kadenpa BOEHHbIX
3MNeKTPOHHbIX cuctem, 1. benrpag). Mo kpanHen mepe, ogHa M3 opraHM3aunin B Mepapxmn
AOSMKHa MMeTb CTaTyC IopUANYECKOro nuua. B cnyyae ecnm ykasaHo HECKOMbKO aBTOPOB, U
€CMnN  HekoTopble M3 HWX paboTaloT B OOHOM YYPEXOEHUW, HYXKXHO OTAeNbHbIMU
0603HauYeHUs MU MM KakuM-nmbo ApyrMm crnocobom ykasaTb B KakOM M3 NpUBEAEHHbIX
yypexaeHun paboTaeT Kaxabli 13 aBTopoB. Addunuaums nuweTcs HenocpencTBEHHO
nocne ®O aBTopa. [JOMKHOCTb 1 CNELManbHOCTb NO AUMIIOMY He YKa3biBaloTCS.

KoHTakTHble faHHble

OneKTPOHHLIN agpec aBTopa YKasblBAOTCA PSAOM C €ro MMEHeM Ha MepBou
CTpaHuLbl CTaTbMy.

Kareropus (Tun) cratbu

KaTteropusauunsa crtatbent aBndetcd 0053aHHOCTbIO penoakumm 1 nMMmeet ocoboe
3HayeHune. Kateropuio ctatbu MOryT npegnaratb peueH3eHTbl U 4YieHbl pedakuuu, T.e.
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pepakTopbl pybpuk, HO OTBETCTBEHHOCTb 3a KaTeropusauuio HeceT WCKMIYUTENBHO
rnaeHbIn pegakTop. CTaTby B XXypHane pacnpeaensaTcsa No CneayoLwmm KaTeropusm:

HayuHble cTaTtbu:

— oOpurMHambHas HayyHasa cratbs (paboTa, B KOTOpOW MpMBOAATCA paHee
HeonybrnunkoBaHHble pesynbTaTbl COOCTBEHHbIX WCCeOOoBaHUM, MOMYYEHHbIX HayYHbIM
MeToA0M);

— ob30pHas cTtatbs (paboTa, cogepXkawas OpuUruHanbHbIA, AeTanbHbIA W©
KpuTnyeckun ob3op uccnegyemon npobrembl unu obnactn, B KOTOPbLIN aBTOp BHEC
onpeaenéHHbIi BKNag, BUAUMbIA Ha OCHOBE aBTouMTaT);

— KpaTkoe cooblleHue (opurMHanbHasi HaydHasi paGoTa mofiHoro cpopmarta, Ho
MeHbLLero o6bEma Unm umeroLLasi npeaBapuTenbHbI XapakTep);

— Hay4Has KpuTMYeckas cTaTbsl (OUCKYCCUA-MONieMMKa Ha OMpedenéHHyo HayyHyto
TeMy, OCHOBaHHas UCKIMHOYNTENBHO Ha Hay4YHOW apryMeHTaLum) U Hay4YHbIi KOMMEHTapu1i.

OpHako, B HEKOTOpbIX 06nacTAx 3HaHW Hay4Hasi paboTa B XypHane MoOXeT UMeTb
opMy MOHOrpadn4yeckoro uccrnefoBaHus, a Takke KpUTUYEeCKoro o6CyXaeHns Hay4Horo
maTtepuana (MICTOpUKO-apXMBHOIO, Nekcukorpadgmyeckoro, 6Gubnuvorpaduyeckoro, o63opa
OaHHbIX M T.M.) — 4O CUX NOP HEM3BECTHOMO UMM HEAOCTATOYHO OOCTYMHOrO ANs HayYHbIX
uccrnegoBaHuin. PaboTbl, knaccugumumpoBaHHble B Ka4eCcTBE Hay4HbIX, JOJKHbI UMETD,
Nno MeHbLLEeR Mepe, ABE NOMOXNUTENbHbIE PELEH3NN.

B cnyyae ecnu B XypHane o0bABMAITCA U NPUNOXKEHUS, HE MMEIOLLNE Hay4HbIN
XapakTep, Hay4Hble CTaTbW JOIMKHbI OblTb CrpPYyNMMPOBaHbl U YETKO BblAENEHbI B NEPBOWA
YyacTu Homepa.

[MpodeccuoHanbHble cTaTby:

— npodpeccuoHanbHas paboTta (NPUNOXEHWs, B KOTOPbIX MpeanarawTcs onbiThl,
nonesHble AN COBEPLUEHCTBOBAHUSI MPOCECCUOHANBHOM MPaKTUKX, HO KOTOpble He
OOIMKHbI B 06s13aTenbHOM nopsiike 6biTb 060CHOBaHbI HA HAYYHOM METoAE);

— UHGOpPMaTHUBHOE NpUNoXeHue (NnepeaoBas CTaTbs, KOMMEHTapPUA 1 T.M.);
— 0630p (KHWIM, KOMMBIOTEPHON NPOorpamMbl, Cry4asi, Hay4HOro cobbITUS U T.1.).
A3bik paboThl

Pa6ota MoxeT 6bITb HanncaHa Ha CEPGCKOM, PYyCCKOM 1nun aHIMMIACKOM 43bIKe.

TeKkcT fomkeH OblTb B NMHIBUCTUYECKOM U CTUMMCTUHECKOM CMbICNE YMOpPSA0YEH,
cucTemMaTtusvpoBaH, 6e3 CokpalleHuii (3a UCKIoYeHNEM CTaHaapTHbIX). Bee dusnyeckne
BENMYMHbl OOMKHbI COOTBETCTBOBAaTb MexayHapoOHOW cucteme eAuHWL, U3MepeHus —
CW. OuepepHocTb hopmyn o603Ha4YaeTcs NopsaaKOBbIMU HOMEpPaMu, NPOCTaBNSIEMbIMU C
NnpaBoW CTOPOHbI B KPYrTbIX CKOOKax.

AHHOTaumsa (abcTpakT) u pestome

AHHOTauus (abcTpakT) ABnNseTca KpaTkuM MHAPOPMATUBHBIM 0630pOM CoaepKaHus
cTatbu, obecneunBaloWmUM YuTaTento BbICTPOTY N TOYHOCTb OLEHKM €€ peneBaHTHOCTU.
B uvHTepecax pedakuumm M aBTOpOB, 4YTOObI @aHHOTaUMA copepxana TepMWHbl, 4acTo
ucnosnb3yemble ANs WHOEKCUPOBaHMA W noucka cTatbei. COCTaBHbIMM YacTAMMU
aHHOTauMKn SIBASAKOTCA LUeNb WCCredoBaHus, MeTodbl U 3aknioveHue. B aHHoTauum
JOmkHO ObiITe oT 100 go 250 cnoB, M OHa [OIMKHA HAxXOAWUTCS Mexay TUTyrnamu
(saronosok, PO aBTOPOB 1 Ap.) U KNOYEBBIMM CrOBamMK, 3a KOTOPbIMU creayeT TeKCT
ctatbn. Ecnun pabota HanmcaHa Ha cepbCKOM MM PYCCKOM 5i3blKe, XenaTenbHO, YToObI
KpOMe aHHoTaumm Ha cepbeckom u pycckoM, bbina 6bl NnpegocTaBneHa M aHHOTaUMs B
pacLUMpeHHOM BuAe Ha aHrIMNCKOM fA3blKe — B Ka4ecTBe T.H. pestome (summary). Takoe
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pesloMe [OMKHO HaxoAMTbCsl B KOHUE cTaTbW, nocre pasgena Jlutepatypa. BaxHo,
4YTOGbI pestome ObINio B CTPYKTYPUPOBaAHHOM BWAE, U €ro AfiMHa MOXEeT COCTaBnsTb A0
1/10 anvHbl ctaTbn (OHO Gonee OOLWMPHO, YeM aHHOTaLMSA M3 Havana crtaTtbu). Havanom
OaHHOro pestomMe MoXeT OblTb NepeBefeHHas aHHOTauus (M3 Hadarna cTaTbu), a 3aTem
OOMKHbI CrefoBaTb MNepeBedeHHble [MaBHble 3arofioBKW, MOA3ArofioBKM U OCHOBbI
3aKnoYeHNUst cTaTbl (MuTepaTypa He nepeBoauTcs). B CcTpykTypupoBaHHOM pestome
HY)XKHO NEpeBECTUN YacTb TEKCTA MO 3aroflIoBKOM M 3arofioBKOM, NPUHUMAasi BO BHUMaHMe,
YTOGLI OHO GbINIO MPOMOPLUMOHANBHO UX pasMepy U B TO XXe BpeMsi oTpakarna CyTb.

KniouyeBble cnoBa

KnioyeBbiMM  crioBamn  SBRASIOTCA  TEPMWHbI MM pasbl,  agekBaTHO
npeacTaBnsALLIMe coaepXaHne ctaTtby, Heobxoammble ANS MHAEKCUPOBaHWSA U Mouvcka.
KnioueBble cnoBa Heobxogumo BbIOMpaTb, OMMpasicb MpM 3TOM Ha Kakon-nnbo
MeXOYHapOaHbIA WCTOYHMK (pernctp, croBapb, Tesaypyc), Haubornee ucnonb3yembii
BHYTPW Aa@HHOW HayyHon obnacTtu. Yucrno KroveBbiX CroB He MoxeT npesbiwaTe 10. B
MHTEepecax pefakuMn 1 aBTOPOB, YTOObI YacToTa MX BCTPEYM B cTaTbe Oblna Kak MOXHO
G6onblwen. KniouyeBble crnoBa [alTCcsl Ha s3blke, Ha KOTOPOM HamucaHa cTaTbsi
(aHHOTauMsA), N Ha aHrMMINCKOM A3blke. B cTaTbe OHM MULIYTCA HENOCPEACTBEHHO nocne
aHHoTaumu (B Havane) u nocne pesiome (B KOHUE).

Mporpamma ASSISTANT npepocTtaBnsieT BO3MOXHOCTb WUCMOSb30BaHUS cepBuca
KWASS, aBTOMaTU4ecku UMKCUMpPYHOLLIEro KIoYeBble CrioBa U3 UCTOYHUKOB/CIOBape no
BblIGOpyY aBTOpa/pefakTopa.

[aTta nony4yeHus ctaTbu

[aTa, Korga pefdakuusi nonyyuna craTtblo; AaTta, Korga pedakuusi OKOHYaTemnbHO
npuHsana craTblo Kk nybnukauum; a Takke [JaTta, korga Obiny  npegocTaBreHbl
HeobxoauMble UCMpPaBReHUs PYKOMUCK, MPUBOASATCS B XPOHOMOrMYECKOM Mopsigke, Kak
NpaBuo, B KOHLIE CTaTbMu.

BbipaxeHue 6narogapHocTH

HaumeHoBaHne n Homep npoekTa, T.e. Has3BaHWe MporpamMmbl Grarogapsi KOTopoun
cTaTbd BO3HMKIA, COBMECTHO C HavMMEHOBaHUEM YYpeXOeHusl, KoTopoe (hMHaHCUMpPOBAario
NPOEKT N Nporpammy, NPUBOASTCA B OTAEMNbHOM NPUMEYaHnu, Kak npasuio, BHU3Y NepBOi
CTPaHULbl CTaTby.

Mpeabiaylwme Bepcumn paboThbl

B cnyyae ecnu cratbs B npeablayllenn Bepcun Obina usnoxeHa YcTHO (mog
OOMHaKOBbIM UMW  MOXOXUM Ha3BaHWEM, HamnpuMep, B Buae [oKnaga Ha Hay4yHow
KOHpbepeHumun), cBedeHns 06 9TOM AOSMKHbI ObiTb yKa3aHbl B OTAEMNbHOM MPUMEYaHUK, Kak
npaewrno, BHW3y NepBON CTpaHuubl cTatbn. PaboTa, koTopas yxe Gbina onybnukoBaHa B
KaKoM-TMbOo M3 XXypHAnoB, He MOXET ObITb HanevyaTaHa B « BOEHHO-TEXHWYECKOM BECTHUKE»
HW Mo, MOXOXMM Ha3BaHWEM, HN B UIBMEHEHHOM BUAE.

Hymepauusa u Ha3BaHue Tabnuu n rpadukoB

XKenatenbHo, 4ToObl HyMmepaumMs U Ha3BaHve Tabnuu, 1 rpadrKoB ObINM NCMOMNHEHBI Ha
OBYX s3blkax (Ha s13blke opurnHana v Ha aHrnunckoM). Tabnuubl NoANUCHIBAIOTCS TAKUM XKe
cnocobom Kak M TekcT U 0603HayatoTCsl MOPSIAKOBLIM HOMEPOM C BEPXHEW CTOPOHBI.
doTorpachum 1 pUCYHKM OOMKHbI ObiTb MOHATHBLI, HAMMAAHbI U YOOOHbLI AN penpoayKuun.
PucyHkn Heobxogumo aenatb B nporpammax Word nnu Corel. ®oTtorpadpmm n pucyHku Hago
NnocTaBUTb Ha >ernaemMoe MecTo B TekcTe. [nsa cosgaHus usobpaxkeHun u rpadmkoB
MCronb3oBaHne (PyHKLUMM CHMMKA C 3KpaHa (CKpMHLUOTA) He gonyckaeTtcs. B camom Tekcte
cTaTb peEKOMEHAYeTCs NMPUMEHEHMEe U300paKeHun 1 rpadmkoB, 0O6paboTaHHbIX TakMmm
KOMMbIOTEPHBLIMM Nporpammamu, kak: Excel, Matlab, Origin, SigmaPlot n gp.
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CcbInku (UMTMPOBaHME) B TEKCTe

OdbopmreHmne CCbInoK Ha UCTOYHMKN B paMKax CTaTby SOMMKHO ObiTb 04HOO6Pa3HbIM.
«BOEHHO-TEXHWYECKU  BECTHMK»  Ans  OOPMIIEHWS  CCbIIOK, UMTaT W chncka
MCMNOmNb30BaHHON nuTepaTypbl NpumeHsieT apBapackyto cuctemy (Harvard Referencing
System, Harvard Style Manual). B TekcTe B ckobkax npuBoguTtcst hamunus uuTupyemoro
aBTopa (Unun chamunns NepBOro aBTOpa, €CNM aBTOPOB HECKONbKO), FOA4 M3gaHus U no
HeobxoaumocTn Homep cTpaHuubl. Hanpumep: (Petrovi¢, 2010, pp.10-20). Pekomengauum
0 cnocobe UMTUPOBaHWS pa3MeLLieHbl Ha CTpaHuue canta MHeCmpyKyusi Mo UCHOb308aHUI0
lapsapdckozo cmurns. Tpn OgOPMAEHWN CCbINOK, UMTaT M CncKa WUCNONb30BaHHOW
nuTepaTtypbl  HeobxoOAMMO  NpPUAEPXWBaTbCA  YCTAHOBMEHHbIX HopM. [lporpamma
ASSISTANT npegoctaBnsieT nNpy LUTUPOBaHMM BO3MOXHOCTb WMCMONb30OBaHUS CcepBuca
CiteMatcher, doukcupytoLLero nponyLleHHbIe LMTaThl B paboTe 1 B cnncke nutepaTtypsbl.

MpumeyaHna (CHOCKwM)

MpyMeyaHusi (CHOCKM) K TEKCTY YKasblBalTCS BHWU3Y CTPaHuLbl, K KOTOPOWA OHM
oTHocsiTCs. lNprMeyaHns MoryT cogepxaTe MeHee BaXHble AeTanu, AOMNONHUTENbHble
00bsACHEHUs!, yka3aHMs 06 MCMONb30BaHHBIX UCTOYHMKAX (Hamp. Hay4yHOM martepuarne,
CrpaBoYHMKaXx), HO He MOryT GbITb 3aMeHOM NpoLeaypbl LMTUPOBaHWUS nNuTepaTypbl.

INuTtepaTtypa (pecepeHumnn)

LinTnpoBaHHoW nuTepaTtypon oxBaTbIBalOTCS, Kak npaswuo, Takue
Gubnuorpadmyeckne UCTOYMHUKM Kak CTaTbu, MoHorpadmm u T1.n. Becsa ucnonbsyemas
nuTepaTypa B BUuae pedepeHumin pa3meLlaeTca B OTAENbHOM pasaene crtaTbi.

HasBaHua nuTepaTypHbIX MCTOYHMKOB He NMepeBOAsaTCS Ha A3blK paboThl.

«BOEHHO-TEXHNYECKUI BECTHUK» Ans OMOPMIIEHUS CrMcKa WCMOMNb30BaHHON
nutepaTypbl npumeHsieT [apBapackyto cuctemy (Harvard Style Manual). B cnucke
nMTepaTypbl UCTOYHWKM YKa3blBalOTCA B andaBMTHOM nopsake damunuii aBTopoB WInn
pepakTopoB. PekomeHgaumm o criocobe LMTMPOBaHMSI pa3MelleHbl Ha CTpaHuue canta
UHempykuyua no  ucrionb3ogaHuro [apeapdckozo cmund. [pn  odopmreHnn cnucka
MCMONb30BaHHOM NUTepaTypbl HEOOXOANMO NPUAEPKMBATLCS YCTAHOBMEHHBLIX HOPM.

Mpn odopmnennn cnucka nutepatypbl nporpamma ASSISTANT npepocrasnset
BO3MOXHOCTb MCMOfb3oBaHMsA cepeuca RefFormatter, ocyliectersiowero koHTponb
obopmneHust cnncka nuTepaTtypbl B COOTBETCTBUM CO CTaHAapTamu [apBapacKkoro cTumsi.

HectaHgapTHoe, HemonHoe W HemocrnegoBaTerlbHOe MpuWBEAeHWe NuTepaTypbl B
cucTeMax OLEHKM XKypHamna cyMTaeTcs [AOCTaTO4HOW MNPUYMHOW AN ocrnapuBaHus
Hay4Horo craTtyca XypHana.

Bce pykonucu ctaTteit noanexart npod)ecCMoHanbHOMY peLeH3UPOBaHUIo.

Cnncok peueH3eHToB XypHana «BoOeHHO-TeXHWYECKUiA BECTHWK» pas3MelLéH Ha
cTpaHuue cavta Crucok peuyeHseHmos. Npouecc peLeH3npoBaHus onucaH B pasgerne

Mpasuna peyeH3uposaHus.

MouToBbIM agpec pepakuun:

«BOjHOTEXHWNYKM rMacHUK»

yn. Benbka Jlyknua Kypsika 33

11042 Benrpag, Pecnybnuka Cepbus

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
[naBHbIA M OTBETCTBEHHLIN peaakTop
KaHompat TexHudecknx Hayk Hebolwa Nayelwa
nebojsa.gacesa@mod.gov.rs

https://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 I1SO 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 / Vojnotehniéki glasnik (www.vtg.mod.gov.rs/index-
e.html, BTr.mMo0.ynp.cp6, ISSN 0042-8469 — print issue, e-ISSN 2217-4753 — online,
ubDC 623+355/359, DOl: 10.5937/VojnotehnickiGlasnik;
https://doi.org/10.5937/VojnotehnickiGlasnik) is a multidisciplinary scientific journal of the
Ministry of Defence and the Serbian Armed Forces. The journal publishes scientific and
professional papers covering fundamental research (mathematics, computer science and
mechanics) and technological development (electronics, telecommunications, information
technologies, mechanical engineering, material science and chemical technologies) 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.

The editorial policy of the Military Technical Courier is based on the COPE Core
Practices and the journal articles are consistent with accepted best practices in their
subject areas. As of 2 May 2018, the Military Technical Courier is a member of COPE
(Committee on Publication Ethics).

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 2019

in the field technological development:

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

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

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

category: scientific periodical of national interest (M52),

- on the list of periodicals for mechanical engineering,

category: scientific periodical of national interest (M52),

in the field fundamental research:

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

category: scientific periodical (M53).

The approved lists of national periodicals for the year 2019 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 2020).

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

407

POZIV | UPUTSTVO AUTORIMA / MTPUTNMAWEHUWE U MHCTPYKUWA ONA ABTOPOB PABOT / CALL FOR PAPERS, pp.395-411



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2020, Vol. 68, Issue 2

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
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 uutuposaHusa (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 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.
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Letterhead title

The letterhead title is given at a top of each page for easier identification of article
copies in an electronic form in particular. It contains the author’'s surname and first name
initial (for multiple authors add “et al”), article title, journal title and collation (year, volume,
issue, first and last page). The journal and article titles can be given in a shortened form.

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.)
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Language
The article can be in Serbian, Russian or English.

The grammar and style of the article should be of good quality. The systematized
text should be without abbreviations (except standard ones). All measurements must be
in S| units. The sequence of formulae is denoted in Arabic numerals in parentheses on
the right-hand side.

Abstract and summary

An abstract is a concise informative presentation of the article content for fast and
accurate evaluation of its relevance. It is both in the Editorial Office’s and the author’s
best interest for an abstract to contain terms often used for indexing and article search.
The abstract describes the purpose of the study and the methods, outlines the findings
and state the conclusions. A 100- to 250- word abstract should be placed between the
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
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appropriately in the text, should be clear, precise and suitable for reproduction. Drawings
should be created in Word or Corel.

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

Veljka Luki¢a Kurjaka 33

11042 Belgrade, Republic of Serbia

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

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

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