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Summary:

Introduction/purpose: A comparison of the 1918 “Spanish” influenza to the
2020 COVID-19 pandemic could shed some light on the evolution of the
latter.

Method: A mathematical method previously applied to the description of
the behavior of the spread of COVID—19 in time is used this time to the
1918 influenza.

Results: The obtained results were compared and some conclusions
made about some possible forecasts for the next waves of COVID-19.
Conclusions: Some further waves of the 2020 pandemic should be
expected in the future.

Keywords: 1918 Influenza, Coronavirus, COVID-19, differential
equation, data fit.

1918 Spanish Influenza and a mathematical model

In 1918, the influenza pandemic known as “Spanish” caused,
according to some estimates, about 50 million deaths worldwide, with
about 500 million infected, about one third of world population

Fabiano, N. et al, What could happen after the first wave of COVID-19 diffusion in Italy: learning from the 1918 influenza pandemic pp.413-423
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(Taubenberger & Morens, 2006, pp.15-22). The disease, considered the
deadliest pandemic that ever happened, was spread in more waves
across the years 1918 and 1919. In Figure 1, we show the death counts
per thousands for the population of the United Kingdom in the period
1918-1919.

30 T
25 4
20
15 -

10

Deaths per 1,000 persons

0 e T e Y
629  7/27 824 921 1019 1116 1214 111 28 318 4/5
1918 1919

Figure 1 — Keywords: Spanish influenza deaths per thousands in the United Kingdom for
the period 1918-1919
Puc. 1 — Kntoyvesbie crnosa: Hucno cMepmHbix crlydyaes (8 mpicsiyax) om ucrnaHcKko20
epunna 8 CoeduHeHHom Koponescmee 8 nepuod ¢ 1918 no 1919 20d
Cnuka 1 — Krby4He peyu: 6poj cMpmHux criydajeea y xurbadama 00 waHckoe apuna y
YjedureHom Kparbescmay y nepuody 1918—-1919.

In (Fabiano & Radenovi¢, 2020, pp.216-224) a mathematical model
of population growth due to (Verhulst, 1838, pp.113-121) was used to
describe the spread in time of COVID-19 for the ltalian population. Even
though the model used only three parameters, it showed an excellent
agreement with the available data.

In summary, the number of cases of COVID-19 in the population as
a function of time, x(t), is given by the differential equation

dx(t) _ x(t)(l_ x(t))
dt a c ) (1)
with a solution given by
(t)= -
W exp((b —t)/c) (2)
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where in particular the variation of cases in time is explicitly written as

dx(t)_c  exp[(b—t)/a]

dt  a(l+exp[(b—t)/a]f 3)

The parameters a, b, and ¢ are to be determined with a fit to the
data, in particular a and c are linked to the height and width of the bell-
shaped function (3), while b translates in time its maximum value, which
is ¢/(4a). We will use the same model in order to describe the peaks of
the 1918 influenza shown in (1). As there is no numerical data available
for this figure, we had to resort to software extraction of the above data
from (1). Subsequently, we isolated every visible peak and fitted it
with (3), determining for each case the parameters a, b, and c. The
results are shown ordered in time starting from the earliest occurrence of
a peak. The abscissa shows the number of days from the start of the
peak.

The zeroth peak:

5.5 T T T T T T T
Zeroth peak ——
Fit —— _|

5-

4.5

4-

35

3-

25

2-

1.5

Number of deaths per 1000 persons

1_

0.5 |

o 5 10 15 20 25 30 35 40
Day

Figure 2 — Zeroth peak
Puc. 2 — Hyneeodu nuk
Cnuka 2 — Hynmu nuk
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Table 1 — Fit parameters for the peak in Figure 2
Tabnuua 1 — CoeanacosaHHble nNapamMempsi ruka Ha puc. 2
Tabena 1 — lNapamempu yknanara 3a nuk Ha ciauyu 2

Parameter Value Error Error %
a 5.46429 0.1222 2.236
b 13.452 0.1553 1.154
c 113.44 1.96 1.728
The first peak:
25 T T T

Number of deaths per 1000 persons

]
First peak ——
Fit —

20

40 60
Day

Figure 3 — First peak
Puc. 3 — lepebit nuk
Cnuka 3 - peu nuk
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Parameter

Number of deaths per 1000 persons

Table 2 — Fit parameters for the peak in Figure 3
Tabnuua 2 — CoeanacosaHHble napaMmempsl riuka Ha puc. 3
Tabena 2 — lNapamempu yknanara 3a nuk Ha ciuyu 3

Value Error Error %
11.2462 0.2014 1.791
43.2221 0.2806 0.6491
1031.4 14.79 1.434

The second peak:

12

10

] 1 1 1 ] )
Second peak ——

Fit ——

10 20 30 40 50 60
Day

Figure 4 — Second peak
Puc. 4 — Bmopod nuk
Cnuka 4 — [pyau nuk
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Parameter

Number of deaths per 1000 persons

Table 3 — Fit parameters for the

peak in Figure 4

Tabnuua 3 — CoanacosaHHble napaMempsl ruka Ha puc. 4
Tabena 3 — lNapamempu yknanar-a 3a rnuk Ha cnuuyu 4

Value Error
8.1634 0.1196
33.2618 0.1621
347.021 4.02

The (possible) third peak:

2.6

2.4

2.2

1.8

1.6

1.4

1.2

0.8

0.6

Error %
1.465
0.4875
1.158

IThird pealk —
Fit ——

Day

10 12 14 16

Figure 5 — Third peak
Puc. 5 - Tpemul nuk
Cnuka 5 —Tpehu nuk
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Table 4 — Fit parameters for the peak in Figure 5
Tabnuua 4 — CoanacosaHHble napaMmempsl ruka Ha puc. 5
Tabena 4 — lNapamempu yknanara 3a MUk Ha ciauyu 5

Parameter Value Error Error %
a 5.08329 0.4081 8.029
b 4.26393 0.5602 13.14
c 47.9721 3.584 7.471

As we can see, the agreement of egs. (1) and (3) with the peaks
found in Fig. (1) is excellent. The relative error of the parameters is
almost always less than 2% for the first three peaks, as per Tables (1),
(2), and (3). Even with the unclear last peak shown in Fig. (5), the relative
error of the parameters is of the order of 10%, in Table (4).

These results show that the mathematical description of a pandemic
given by equation (1) is once again very accurate.

Relation to COVID-19

Our aim now is to apply what we have learned from the 1918
pandemic to the evolution of the 2020 pandemic. The relaxation of
quarantine rules could lead to other peaks of cases as seen in the 1918
case, when the second peak was much higher than the first.

In Table 5, we report the height of the four peaks found for the 1918
influenza and their relative heights normalized to the largest one. We
also show the ¢ parameter values and again their relative values
normalized to the largest one, obtained again the second peak
encountered. The c¢ parameter is of particular interest because it is
related to the duration of the infection (Fabiano & Radenovi¢, 2020,
pp.216-224): the larger the ¢ value, the longer the length of infection.

We had normalized here the peaks to the largest one, which actually
belongs to the second wave of infection and not to the first one. Even in
this more favorable case, one could expect that the next infection wave
would have an intensity of almost half of the first one (about 46%), for a
total number of cases of a third (about 33%). The third and the last wave
would have an intensity of about 10% of the original one, and a relative
total number of cases of about 5%.
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Table 5 — Heights and relative heights together with the ¢ parameter and its relative
values of peaks in Figure 1
Tabnuya 5 — Beicombl U omHocumeribHble 8bICOMbI 8BMEcme C rapamempomM ¢ U €20
OMHOCUMEIbHBIMU 3HaYeHUSMU rUKo8 Ha puc. 1
Tabena 5 — BucuHe u pennamugHe sucuHe 3ajeGHO ca rnapamempom C U He208UM
penamusHumM gpedHoCcmMuMa nukoea Ha cnuyu 1

Peak n. Height Rel. to max height % ¢ Rel. to max ¢ %
1 22.928 100.0 1031.4 100.0

2 10.627 46.352 347.021 33.646

0 5.190 22.637 113.44 10.999

3 2.359 10.290 47.9721 4.651

All this of course in the case that the first wave was the strongest
one. If this is not the case, from Table 5 we see that the relative height of
the first two waves is almost 4-fold, while the ¢ value is 9 times larger.

Notice that even in the so-called Hong Kong pandemic flu of 1968
the second wave was much deadlier than the first one (Rogers, 2020).

A few remarks are in order here. First of all, we have compared,
because other data were unavailable, the deaths of the United Kingdom
for influenza in 1918 to the number of COVID-19 cases in Italy in 2020.
This should be acceptable as the population number of the two countries
is similar; we assume that the number of deaths in a pandemic is
proportional to the number of total cases of the disease, and that the
proportionality constant is actually such, i.e. it does not change in time
during the pandemic.

It should be also clear that the obtained results will provide the
relative intensities and duration of the disease, mainly for the lack of
data. In 1918, there were no tests available for the positivity of a virus
infection, and a virus image was yet to be seen, as the necessary
electron microscope was first built in 1931.

Another question of great interest for the current COVID-19
pandemic is when the subsequent peaks would happen. Actually, the
speculations on those timings have been a subject of discussion for
decades without a definitive answer. One could infer that due to the
shorter persistency of this virus to higher temperatures (Fathizadeh et al,
2020) the next wave could occur in the next autumn, thus overlapping
with the flu season.
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Conclusion

Using a model of population growth with only 3 parameters, we have
verified that it is able to describe the 1918 influenza pandemic extremely
well. The same model already described the 2020 COVID-19 pandemic
in excellent agreement with data. We have used the results obtained for
the various waves of the 1918 disease to try to describe the possible
waves for the 2020 disease. According to the data, there are serious
possibilities to expect subsequent waves of the COVID-19 infection of
the same order of magnitude as the present one. The severity of the
possible future situation should suggest constant monitoring of the
population for a further outbreak of infection and a plan for an immediate
lockdown in this case.
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Pe3some:

Besederue/yens: CpasHeHue naHOemuu ucraHckozo gpurnia 1918 eoda ¢
naHOemueli COVID-19 e 2020 200y mMoxem nposiumes HeKOmMophbIt ceem
Ha pa3ssumue cospeMeHHOU rnaHoemuu.

Memodbi: B cmambe ucrnionb3osaH Mamemamudyeckuli memoo,
MPUMEHEHHbIU paHee Ol OfnucaHusi xapakmepa pacripocmpaHeHUsi
COVID-19, e daHHOM criydae Ha Mamepuarne ucriaHckozo epurnna 1918
eoda.

Pesynbmamsbi: Ha ocHogaHuu cpasHeHUs1 MoslyYeHHbIX Pe3yrbmamos
6biu  cOenaHbl 8b1800bI U MPO2HO3bl KacamesibHO B803MOXHOCMU
riocniedyroujux eosH eupyca COVID-19.

Bbigodbl: B 6ydywem criedyem oxudamb HOBbIX 80sH raHOemuu 2020
eoda.

Knoyesble cniosa: epunn 1918 2oda, Koponasupyc, COVID-19,
OuppepeHyuarnbHoe ypasHeHuUe, cosrnadeHue daHHbIX.

WTA JE MOIMO A CE OOrogn HAKOH NPBOIT TAJTACA
LLMPEHA COVID-19 Y UTAITNIUN: UCKYCTBA 13 NMAHOEMWJE
PUMA 1918. TOONHE

Hukona ®abuaHo®, CmojaH H. Pa,JJ,eHOBVm6

@ YuusepauteT ToH [lyk Tanr, ®akynTeT MaTemMaTuke n CTaTUCTUKE,
Xo Wun MuH, BujeTHam;
YHuepautet ToH [lyk TaHr, cTpaxnsayka rpyna 3a HenuHeapHy aHanmsy,
Xo Wun MuH, BujeTHam, ayTop 3a npenucky
o YHuBepautet y beorpagy, MawwuHcku cdakynTeT,
Beorpag, Penybnuka Cpbuja

OBJIACT: matematuka
BPCTA YJ1IAHKA: opurMHanHu Hay4Hu pag
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Caxemak:

Yeod/uurb: lNopehere wnaHckoe epuna 1918. eoduHe ca naHOemujom
COVID-19 moario bu GoHekrie pasjacHUMU pa3eoj 0aHaluH-e rnaHoemuje.
Memode: Y pady je kopuwheHa Mamemamudyka memoda Koja je
npumerseHa 3a onuc wupera COVID-19, a ogoe nyma nipema apurly Koju
je enadao 1918. 2oduHe.

Pesynmamu: YnopeheHu cy 0obujeHU pe3ynmamu Ha OCHO8Y KOjux cy
uszeedeHuU 3akrbydyuu O Moayhum rpozHosama 3a crnedehe manace
COVID-19.

Sakrbyuyu: Y 6ydyhHocmu 6u mpebano odekusamu HoOge marnace
naHOemuje COVID-19.

Kmby4yHe peuu: epun 1918. 2oduHe, kopoHa eupyc, COVID-19,
dugbepeHyujarnHa jeOHa4yuHa, yKnaname rnodamaka.
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Summary:

Introduction/purpose: To monitor the COVID-19 epidemic in every single
country in the world, this team has developed a specific system that
consists of the following diagrams and mathematical models: a)
epidemiological curve, b) histogram of infected people, c¢) histogram of
infected people in last five days, d) double logarithmic curve for monitoring
the speed of the epidemic, e) epidemic pipeline and f) Gaussian and
Boltzmann S curves. As it is shown in this paper, monitoring an epidemic
is like flying a plane using instruments.

Methods: The most complex model is the calculation of the truncated
Gaussian curve, and this model will be discussed in more detail in this
paper. Also, there is time coincidence between the Gaussian curve and
the S-curve. The input data were found in the World Health Organization's
daily reports. The full set of data consists of the Gaussian curve, the
double logarithmic curve, and the epidemic curve. In some cases, using
only one of the three specified parameters is not enough.

Results: To prove a specified methodology, the paper has dozens of
results in the form of diagrams.

Conclusion: The Gaussian curve was formed, and the end of the epidemic
was calculated. But, in some cases, the epidemic curve was not well-
formed (the end of the epidemic is not clear since many countries did not
declare the number of recovered people in a proper way). This is the
reason why we must include a flow of the double logarithmic curve into
consideration. Only a combination of these three diagrams can give the
right insight into the right decision.

Keywords: COVID-19, Gaussian curve, S-curve.
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Introduction

This paper aims to describe a set of mathematical models for
decision making about critical decisions in the epidemic. Besides medical
decisions, the economic impact on each country, state, and territory is
also very important. How long to close some industries, what will be the
impact on jobs, and dismissal of workers are the key ones. This team has
developed software for monitoring all specified data daily for the top 50

countries. (Kocovic et al, 2020)

The main curve is epidemiological (EpiCurve). The epidemiological
curve can be shown with the following formula:

Still infected = totally infected — death — recovered

(1)
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Figure 1 — EpiCurves a) Austria, b) World, c¢) Serbia, and d) China
Puc. 1 - 3nudemuonozuyeckas kpusasi a) Aecmpus, 6) mup, 8) Cepbusi u 2) Kumat
Cnuka 1 — Enudemuornowka kpusa: a) Aycmpuja, 6) ceem, 8) Cpbuja u ) KuHa
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Figure 1 is showing the EpiCurves for three territories and the whole
world. The epidemiological curves are related to single countries.

The meanings of the symbols in the figures are:

- #Cases — the total number of the infected from the beginning of the
epidemic in a particular country

- #Recovered — the number of people recovered from the beginning
of the epidemic in a particular country

- #Recovering — the number of people calculated from formula (1)

As we can see in Figure 1, the curve(s) of the #Recovering is(are)
the EpiCurve. In the cases of 1a) Austria and 1d) China, the curves are
closed. In two other examples, the curves are in the phase of the initial
(1b) World) or the middle phase (1c). All four examples show that
#Cases follow the shape of the letter “S” and have the name of the S (or
Sigmoid) curve.

These curves are real, so we cannot make any forecasts from these
curves. Instead, mathematical modeling and forecasting techniques are
used in these calculations.

Histograms and 5-day histograms

The curves denoted as #Recovering look like Gaussian curves. But
there is one exception between the uses of a Gaussian distribution when
a full curve is formed. In epidemic modeling, there are new data on the
infected every day. For these purposes, histograms and 5-day
histograms have been developed (Mann, 1994).

Histograms represent the number of infected per day’. Even if they
do not look like a Gaussian distribution, in many cases we can fit them
within the Gaussian curve. Figure 2 shows two examples of the
histograms for COVID-19 cases.

In Figure 2a), the case of Brazil shows that a Gaussian distribution is
not visible. The same situation is in Figure 2b).

Also, a short 5-day histogram can represent good or bad trends.
Good trends are when the number of the infected decreases in five
consecutive days and bad trends are the opposite — when in five
consecutive days the number of the infected grows. Figure 3 shows two
examples — Germany and Japan.

Most of the 5-day trends show intermediate results. Notice that if
there is just one day with a very high number of the infected— this will
prolong the recovery period.

' Data about COVID-19 can be found in the separate reports on the web site of the World
Health Oranization (World Health Organzation, 2020).
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Figure 2 — Histograms a) Brazil, b) Bulgaria
Puc. 2 — 'ucmoepamma a) bpasunusi, 6) boneapusi
Cnuka 2 — Xucmoepam: a) bpasus, 6) byzapcka

This 5-day trend represents a very good visual form for simplifying
the monitoring of the epidemic. In the period of the epidemic growth,
there are more red bars.

The histograms are basic tools for Gaussian and Sigmoid/S-curves.
However, significant assumptions were made for both of them.
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Figure 3 — Five-day trends- a) good — Japan, and b) bad — Germany. Both of them are in
the period May 5 — May 9, 2020
Puc. 3 — lNamudHesHbIl mpeHd — a) nonoxumesibHbIl — 5inoHus u 6) ompuyamernsHbIl —
Fepmarus. Oba mpeHda 3a nepuod ¢ 5 no 9 mas 2020 2o0a.
Cnuka 3 — [NlemodHesHU mpeHd: a) dobap — JanaH u 6) now — Hemauyka. Oba mpeHda
0o0Hoce ce Ha nepuod 5-9. maj 2020. 2o0uHe
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Gaussian distribution

For defining Gaussian curves (Gauss, 1809), (Stahl, 2006), the
standard Laplace-Gauss formula is used (2) with a few modifications
(Laplace, 1774):

1( x—u z

f(x)= L ez("J ()

oN2r

For calculating this curve, the standard error was used. The
maximum number of iterations is 1,000 for these calculations.

The infections start outgrowing exponentially at first, then whatever
response the host country enacts, after some time, new infections go
back to near zero. At least this is the back-of-the-envelope theory,
developed by Enrico Fermi®. There are undoubtedly better models, but
the Gaussian model was used as the first shot in this mathematical
model.

The Gaussian model is defined by only three parameters: N, y, and
o, and looks like this:

- N is the infection rate at its peak, the midpoint of the epidemic.

- M is the date of the peak infection rate, and

- 0 controls the width, the period of time the pandemic is
experienced by the country.

Figure 4 shows the statements given above:

1.4 —_—
1.2 1 —
1.0 A

0.8 1

0.6 1
0.4 4
0.2 1

0.0

—4 -2 0 2 4
Figure 4 — The Normal, or the Gaussian curve
Puc. 4 — Kpusasi HopmanbHo20 pacrnipedeneHus aycca
Cnuka 4 — HopmanHa unu aycoea kpusa

% The term Back of the envelope calculation is a rough calculation. It is more than a
guess, but less than a mathematical proof.
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Using the model

The alternative names for the Gaussian distribution are 6 SIGMA or
LEAN 6 SIGMA. However, the model was extended adding two extra
periods. Instead of 6SIGMA, 8 SIGMA model was used, Figure 5.

Normal,
Bell-shaped Curve

Percentage of

I
I
I
I
cases in 8 portions

13.59%| 34.13%

of the curve
Standard Deviations -40 -30 -20 -1o 0 +10 +20 +30 +40
Cumulative I ! | ! ! I I
1% .3% 15.9% % 4.1% 7.7% %
Percentages 0 % 213 o 5]9 o 50|° B 1% 9 J% 9919 o
- | 1 1 T r 1T rrrfr1 T |
Percentiles 1 5 10 20 30 40 50 60 70 80 90 95 99
4 'l 'l 4 4 'l 'S
Z scores -4.0 -3.0 20 1.0 0 +1.0 +2.0 +3.0 +4.0
T scores 20 30 40 50 60 70 80
Standard Nine 1 2 3| 4 5| 6 718 9
(Stanines)
Percentage 4% 7% | 12% | 17% | 20% | 17% | 12%| 7% 4%
in Stanine

Figure 5 — Gaussian distribution extended to 8 SIGMA
Puc. 5 — Kpusas pacnpedenerus aycca pacwupeHa 3a 8 CUTM
Cnuka 5 — laycosa pacnodena npowupeHa Ha 8 CUMTMA

Why is an extension to eight periods important? Because the
intersections between the Gaussian curve and the vertical lines that
present SIGMAs are the places for decision making. Figure 6 represents
this scenario (Ko€ovi¢, 2020).

For calculating the Gaussian curve and the Sigmoid (S) curve,
programming language Python was used. Figure 7 shows the examples
for the following countries: Austria, Peru, Hungary, and Serbia.

A mathematical model can calculate the whole distribution if
histograms are covered with more than 50% of the data. The algorithm
calculates distribution if the minimum 3 SIGMA conditions are fulfilled,
and there are no extreme peaks in one day. Otherwise, the Gaussian
curve cannot be formed.
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Srbija 23. april 2020

Figure 6 — Truncated Gaussian curve for Serbia, on April 23, 2020. At that time, the
forecasted end of the epidemic was May 24, 2020. The dots represent the dates when
critical decisions should be made.

Puc. 6 — YcedyeHHas kpusasi [[aycca, omHocswasics k Cepbuu, Ha 23 anpens 2020 2oda.
Mo npoeHo3y, npou3sedeHHOMY 8 mom OeHb, anudemusi 0omkHa bbiia ocmaHosumcs 24
masi 2020 eoda. Touykamu 0603HavyeHbl 0ambl, kKoeda Q0/KHbI 6binu 6bimb MPUHSMbI
Kpumu4ecKue peweHus.

Cnuka 6 — [JenumuyHa aycosa kpusa 3a Cpbujy Ha daH 23. anpuna 2020, kada je
npedsuheHo da he 3HasuyHU Kpaj enudemuje y Cpbuju bumu 24. maja 2020. eo0uHe.
Tauke npedcmaerbajy daHe kada je mpebano 0oHemu Kpumu4yHe o0r1yKe.

Figure 7 represents four different countries with four different
histograms and Gaussian curves. Given N and o, the total area under
the model curve is:

Total Area = Nov 27 (3)

Here are the results for Serbia for May 10, 2020.
Total cases until that day, 10114.0

Model Cases (model total area), 10374

Accuracy of the Gaussian model, 103%

Area fraction - Serbia is about 97% into COVID-19
The forecasted day of the 70 is May 26, 2020.

As it is shown, the model can predict, mathematically, the end of the
epidemic. But, one thing is mathematics, another is real life.
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Figure 7 — Gaussian curve used for predicting the end of the epidemic per country: a)
Austria, b) Peru, c) Hungary, and d) Serbia
Puc. 7 — Kpusas Naycca, omHocsawasics K KoHuy anudemuu o 2ocydapcmeam: a)
Ascmpus, 6) lMepy, 8) BeHepus u 2) Cepbus
Cnuka 7 — laycoea Kpusa KopuwheHa 3a Kpaj enudemuje rno dpxxasama: a) Aycmpuja, 6)
lepy, 8) Mahapcka u d) Cpbuja

Link between the Gaussian curve and the Sigmoid Curve

As it was shown in Figure 1, the EpiCurve is real, but we always
need forecasts. To link mathematics with real life, the Sigmoid or S-curve
was used. On the other hand, the authors found a link between Gaussian
and Boltzmann or Sigmoid (S) curves (Reséndiz-Mufioz et al, 2017,
pp.1043-1047). In Figure 8, the link between the Gaussian curve and the
S-curve was shown.
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The reader can see that the starting points, the endpoints, and the
slope points are shown on the curves. The vertical line is the day of the
epidemic. Once again — compare #Cases in Figure 1, and the S-curve in
Figure 8.

Sweden
,/
[stimated ending date: 8-12-2020 ’
Dotted linc is current day of epidemic: 122
=30
203
4
& 1500
1oas
- ) ——i
;‘// \
/ ~—
[t \k——
o L1 10 = 2
Dmys

Figure 8 — COVID-19 Gaussian curve and S-curve for Sweden, on May 1 st 2020
Puc. 8 — Kpusas COVID-19 no modenu kpusot Naycca u C-kpusoli, omHocAawascs K
Lleeyuu Ha 1 masi 2020 eoda.

Cniuka 8 — Kpuse 3a COVID-19 o modeny aycose kpuse u C-kpuse 3a Lllsedcky, 1.
maja 2020. eo0uHe

Final Step — fine-tuning

The Gaussian curve can calculate the date of the end of the
epidemic with a probability of 99.9996%. This means that the chances
are ONE in a MILLION for citizens to become ill with COVID-19 after the
Gaussian distribution has ended. For Serbia — this number is 7
(sometimes this number will be 20, sometimes 0). For example, for
Mexico, this number is 129.

However, for better decision making, a double logarithmic curve
model was developed. Four examples are shown in Figure 9.

The x-axis contains the total number of the infected. On the y-axis,
there are the numbers of the infected in the last 7 days, for every day in
the epidemic. Both axes are in the logarithmic scale. The days are shown
in the trajectory, so this is the third dimension presented on the curve
(KoCovic, 1998).

432




Why is this curve important?

Even in the case that the condition of 7SIGMA is fulfiled on the
Gaussian curve, on the double log curve it is not. Let us compare the
data for Serbia: Figure 7d for the Gaussian curve and Figure 9a for the
double logarithmic curve. In Figure 7d, it seems that the epidemic was
almost finished. In Figure 9a, we can see that this is not the case.
Therefore, the double logarithmic curve is used for fine-tuning.
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Figure 9 — Double logarithmic curve for a) Serbia, b) China, c) Croatia, and d) Italy, on

May 10, 2020

Puc. 9 — Kpusasi 8 dgoliHOM rio2apughmuyeckom macuimabe, omHocswasics K: a)

Cepbuu, 6) Kumaro, 8) Xopeamuu u 2) Umanuu, Ha 10 mas 2020 e.

Cnuka 9 — [Jeocmpyka nozapumamcka kpusa 3a: a) Cpbujy, 6) Kury, 8) Xpeamcky u d)

Vimanujy, 10. maja 2020. 200uHe

Conclusion

For this research, a model presented in (KoCovi¢ et al, 2020) was
developed. Further development of the epidemic/pandemic is going to
link the Gaussian curve with the economic development of the countries.
A smaller 8SIGMA means a shorter period of the epidemic, and
eventually a higher peak. This means that more medical staff will be
needed. If the curve is flattened — the duration will be longer and a
possible number of the infected and the dead will be smaller. Some
countries, such are United Kingdom (Flaxman et al, 2020), (Ferguson et
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al, 2020), USA (McKinsey & Company, 2020), and Sweden used this
model of free infection. But finally, they had to change their initial
decision.
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MOHWNTOPUHIr KOPOHABUPYCA COVID-19 NOOOBHO MNMONETY
CAMOIJIETA MO NMPNEOPAM

Memap B. Kouosu4®, 3opaH B. Koqosqu, Bniadumup M. Kovosuy®

@ YHusepeuteT YHUoH «Hukona Tecnay, ®akynbTeT MH(OPMALIMOHHBIX
TEXHOMOMM U NHXUHUPWHIa, 1. Benrpag, Pecnybnuka Cepbus,
KOPpPEeCnoHAEHT

5 OMHM Jlorvka, r. Benrpag, Pecny6nuka Cepbus

® IGT, r. benrpaa, Pecny6nuka Cepbusi

PYBPUKA TPHTW: 27.00.00 MATEMATUKA,;
27.43.17 MaTemaTnyeckasa CTaTMCTUKa,
27.43.51 MNpnMmeHeHne TEOPETUKO-BEPOATHOCTHBIX U
CTaTUCTUYECKMX METOA0B
BWO CTATbW: opurmHanbHasa HayyHas ctaTbs

Pe3some:

BeedeHue/uenb: [aHHasi KkomaHOa, 8 Uersix 3nudemMuosioeu4eckKoz20
MoHumopuHaa 3a COVID-19 e kaxdoli omdesibHOU cmpaHe Mupa,
paspabomana cneyuanbHyr cucmeMy, Komopass cocmoum U3
cnedyrowux OuaspamMM U Mamemamudeckux  modened: a)
anudemuorioaudeckas Kpusasi, 6) cucmozpamma 3apaxeHHbIx noded,
8) aucmozpamma 3apaxkeHHbIx frdel 3a nocnedHux nams OHel, 2)
Kpueasi 8 080UHOM silo2apugmudeckom macwmabe Orii MOHUMOPUHaa
cKopocmu pacnpocmpaHeHusi anudemuu, 0) 3nudemuonoaudecKoe
MHoe2onapamemposgoe HabndeHue u e) kpusbie [aycca u bonbumaHa
(C-kpuebie). B daHHOU cmambe 3rnudemuorioauqdeckuli MOHUMOPUHE
3a paszsumuem anudemuu rpedcmassieH no0obHo nonemy camorema
rno npubopam.

MemoOdbi: Hauborniee crioxHolU MOOesnblo A879emcsl 8bl4UC/IeHUe
yceqyeHHoU Kpueoli [aycca. B OaHHoOU ce53u Mmodenb [nodpobHo
npedcmaeneHa 6 asmou cmambe. Kpome moeo, cyuecmeyem
cosrnadeHue 80 spemeHU Mex0dy Kpusol [aycca u C-kpueol. [aHHbie
Obiu 835IMbI ¢ oghuyuanbHo20 calma BcemupHol opeaHusauyuu
30pasooxpaHeHusi. [lonHbili Habop OaHHbIX cocmoum u3 Kpugol
laycca, deoliHOU Kpueol 8 ro2apugpmuyeckom Mmacwmabe U
anudemuornoaudeckoli  Kpueol,  Komopbie  paccMampusaromcs
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napannenbHo. B 6onbwuHCcmMee cry4aes Ucrofib308aHUe MOSbKO
00HO020 U3 mpex yKa3aHHbIX Napamempos HedoCmamoyHo.

Pesynsmamel:  C  uenbto  Qokazamesnibcmea 0ocmogepHocmuU,
8blbpaHHol  memodosioeuu 8 cmambe rpusedeHbl  decsimb
pe3ynbmamos 8 gude duazpamm.

Bbigodbl: [lpu moyHOM ebiducrieHuu kpueol [aycca moxHo 6ydem
paccyumamb U KoHey, anudemuu. Ho 8 HeKOomopbIx Criydasix Kpusyto
laycca  eblyuCnIUMb  HEBO3MOXHO U 8  MmakoM  criydae
rnpodormkumesnbHocmbs  3rudemMuu  ocmaemcsi Heu3secmHol (KoHey,
anuéemMuu HeB03MOXHO C MOYHOCMbIO 8bI4UCIIUMb, MaK KaKk MHoaue
cmpaHbl  He onybnukosanu OO/MKHbIM  0bpa3oM  KoJu4ecmeo
8bI3doposeslulx). B amom u 3aknrodaemcs npuduHa Heobxodumocmu
y4yema 08oUHOU Kpuegol 8 sioeapughmuydeckom macwimabe. TonbKo rpu
coyemaHuu 3mux mpex OuazpaMM [10S6/19emMcs  pasusibHoe
MMOHUMaHue o0 8bI60pe COOMBEMCMEBYIWEZ0 PELUEHUS.

Knrouesnle cnosa: COVID-19, Kpusas Naycca, C-kpuegasi.

NMPATREHE KOPOHA BUPYCA COVID-19 CITMYHO JE
MHCTPYMEHTAJTHOM NETEHY

Memap B. Kouosuh®, 3opaH B. Kouosuh®, Briadumup T. Koyosuh®

@ YunsepaunteT YHuoH ,Hukona Tecna”, ®akynteT 3a MHGoOpMaLyoHe
TexHororuje n nxerwepcteo, beorpan, Penybnuka Cpbuja,
ayTop 3a nNpenucky

® OmHw MNoruka, Beorpag, Penybnuka Cpbuja

® IGT, beorpag, Peny6nuka Cpbuja

OBJIACT: matemaTtuka
BPCTA YJTAHKA: opurnHanHu Hay4Hu pag

Caxemak:

Yeod/yurb: Padu nocmamparsa enudemuje COVID-19 'y ceakoj
rojeGuHa4yHoj Op>xasu Ha ceemy pa3eursiu CMO crieyughudaH cucmem Koju
ce cacmoju 00 cnedehux dujacpama u Mamemamudkux modena: a)
ernudemuoriouike Kpuee, 6) xucmospama 3apakeHux ocoba, 8)
Xxucmopama 3apakeHux ocoba y npemxodHux nem daHa, 2) dsocmpyke
Jloeapumamcke Kpuge 3a rocMmampare 6p3uHe wupersa enudemuje, x)
enudemuorniowikoe suwenapamemapckoz rnpahema u) [laycose u
BonymaHose C-kpuse. Kao wmo je nokasaHo y o8om pady rnocmampare
moka enudemuje Harnuk je UHCMpPYMEHMarHoMm iememby.

Memode: HajkomnnekcHuju modenn rnpedcmasrba U3padyHasar-e
HeriomnyHe [aycose Kpuse, wmo je demasbHuje aHanu3upaHo y pady.
Takohe, nokasaHo je Oa mMocmoju epemeHcka 3asucHocm u3amehy
Faycoee u C-kpuse. [lodauyu cy npeysemu ca cajma Cgemcke
30pascmeeHe opeaaHu3ayuje. lNommyHu ckyn nodamaka cacmoju ce 00

436




laycose Kpuse, dsocmpyke ri02apumamcke Kpuse U enudemuosiowKe
Kpuee, Koje ce nocmampajy yropedo. lNocmampare camo jedHe 00
HasHa4YeHe mpu Kpuge y eerniukoMm 6pojy criydajeea Huje O080SBHO.
Pesynmamu: Kako 6u ce Ookasane u3abpaHe Mmemodosnoeuje, pad
cadpxu decemak pesynmama y obsuky dujaspama.

3akrbyyak: Kada ce uspadyHa [aycosa kpusa moxe ce 0ohu 0o nodamka
0 Kpajy enudemuje. Mehymuwm, y Hekum criydajesuma [aycosa Kpuea ce
He MOXe uspadvyyHamu, ra Kpaj enudemuje Huje jacaH, Hajuewhe 3amo
wmo MHoze dpxaee Hucy Oeknapucarne bpoj oropasrbeHUX nayujeHama
Ha adekeamaH Ha4uH. 3amo ce Mopa y3emu y 063up dAsocmpyka
Jloeapumamcka Kpuea. Camo kombuHauyujama mpu Oujazpama dobuja ce
npasu ysud y doowerse ucripasgHuUx oosyKa.

KrbyuHe peyu: COVID-19, Naycoea kpusa, C-kpusa.
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Abstract:

Introduction/purpose: This paper presents coincidence and common fixed
points of Suzuki type (a.—1)— multivalued operators on b-metric
spaces.

Methods: The limit shadowing property was discussed as well as the well-
posedness and the Ulam-Hyers stability of the solution for the fixed point
problem of such operators.

Results: The upper bound of the Hausdorff distance between the fixed
point sets is obtained. Some examples are presented to support the
obtained results.

Conclusion: The application of the obtained results establishes the
existence of differential inclusion.

Keywords: b-metric space, multi-valued mapping, fixed point problems,
Ulam-Hyers stability, initial value problem.

Introduction and preliminaries

Euclidean distance is an important measure of "nearness” between
two real or complex numbers. Fréchet (1905) introduced the concept of a
metric to obtain the distance between two arbitrary objects. Since then,
this notion has been generalized further in one to many directions, see
(An et al, 2015a), among which one of the most important generalizations
is the concept of a b-metric initiated by (Czerwik, 1993). For more details
of b-metric spaces see (Aleksi¢ et al, 2018), (Hussain et al, 2012), (Kirk &
Shahzad, 2014) and the references therein.

Definition 1.1 Let X be a nonempty set. A mapping d:X XX —
[0,4+) is said to be a b-metric on X if there exists some real constant
b > 1 such that for any x, y, z € X, the following condition holds:

a4): d(x,y) =0ifand only if x = y;

az): d(x,y) = d(y, x);

as): d(x,y) < bd(x,z) + bd(z,y)

The pair (X,d) is termed a b-metric space with b-metric constant b.
Every metric is b-metric for b =1 but the converse does not hold in
general (Ciri¢ et al, 2012), (Czerwik, 1993), (Singh & Prasad, 2008).

In the sequel, the letters, R*, R, N and Z* will denote the set of all
nonnegative real numbers, the set of all real numbers, the set of all
natural numbers and the set of all nonnegative integer numbers,
respectively.
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Let (X,d) be a b-metric space and P(X) a collection of all subsets of
X. Denote CI(X),CB(X), and K(X) by the collection of closed, closed and
bounded and compact subsets of X, respectively.

Let U,V € P(X). The gap functional D, the excess generalized
function p,the Pompeiu-Hausdorff generalized functional H,and the
functional § induced by a b-metric d on X are defined as:

infy ey peyd(u,v),ifU#V # @ # U,
(1) DU, V) = {o’ifU =V =0,
oo, otherwise.

Sup,eyD(W, V),ifU =V =0 # U,
(2) p(U, V)= {0, ifu =0,
0,ifV =0,U # (.

max{p(U,V),p(V,U)},if U #V + @ # U,
() HWU,V) = ¥O,ifU =V =09,
o0, otherwise.
supyeyverd(w, v),ifU #V = @ # U,
5(U,V) = {O,ifU =V=0,
o0, otherwise.

An et al (2015b) studied the topological properties of b-metric
spaces and stated that a b-metric is not necessarily continuous in each
variable. If a b-metric is continuous in one variable, then it is continuous
in other variable. A ball B(uy,€) ={v € X:d(uq,v) <€} in a b-metric
space (X, d) is not necessarily an open set. A ball is an open set if d is
continuous in one variable.

Let (X,d) be a b-metric space. We call (f,T) a hybrid pair of
mappings if f: X - X and T: X - CB(X).

A mapping f is called a contraction if there is some real constant
r € [0,1) such that for any u, v € X, we have d(fu, fv) < rd(u,v).

A point u in X is a fixed point of f, if u = fu, a fixed point of T, if
u € Tu, a coincidence point of (f,T) if fu € T, and a common fixed point
of (f,T) if u = fu € Tu. Denote F(f), F(T) by the fixed points of f and T,
respectively, and C(f,T) and F(f,T) by coincidence and common fixed
point of (f,T), respectively.

440



Definition 1.2,compare with (Abbas et al, 2012). A pair (f,T) is w-
compatible if f(Tu) € T(fu) for all uwe€ C(f,T). The mapping f is T-
weakly commuting at some point u € X if f2(u) € T(fu).

Using an axiom of choice, Haghi et al (2011) proved the following
lemma.

Lemma 1.3 (Haghi et al, 2011) Let f: X — X be a self-mapping of a
nonempty set X, then there exists a subset E € X such that f(E) = f(X)
and f is one-to-one on E.

Lemma 1.4, compare (Rus et al, 2003). Let (X,d) be a b-metric
space, U,V € P(X). If there exists a A > 0 such that for each u € U, there
exists a v € V such that d(u,v) < 4, and for each v € V, there exists a
u € U such that d(u,v) < A4, then H(U,V) < A

We need following lemmas given in (Czerwik, 1993), (Singh &
Prasad, 2008).

Lemma 1.5 Let (X,d) be a b-metric space,u,v € X, {u,} a sequence
in X and U,V € CB(X). The following statements hold:

b.-: (CB(X),H) is a b-metric space and (CB(X),H) is complete
whenever (X, d) is complete;

bo-: D(u,V) < H(U,V) forallu € U;

bs-: D(u,U) < bd(u,v) + bD(v,U);

bs-: for h>1 and ue U, there is a veV such that d(u,v) <
hH(U,V);

bs-: for every h > 0 and u € U, there is a v € V such that d(u,v) <
H(U,V) + h;

be-: D(u,U) = 0 ifand only ifu € U = U;

b7 d(ug, uy) < bd(ug, u)+... +b™ 1 d Uy, Up—1) + D" 1d (Up_1, Up);

bs-: {u,} is a Cauchy sequence if and only if for € > 0, there exists
n(e) € N such that for each n,m > n(e) we have d(u,, u,,) < €;

be-: {u,} is a convergent sequence if and only if there exists u € X
such that for all € >0 there exists n(e) € N such that for all n >
n(e), d(u,,u) <e.

A sequence {u,} is convergent to ueX if and only if
lim,_, . d(u,, u) =0.
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A subset Y c X is closed if and only if for each sequence {u,} in Y
that converges to an element u, u €Y. A subset Y c X is bounded if
diam(Y) is finite, where diam(Y) = sup{d(u,v):u,v € Y}. A b-metric
space (X,d) is said to be complete if every Cauchy sequence in X is
convergentin X.

Following are some known classes of mappings given in (Berinde,
1993), (Berinde, 1996), (Berinde, 1997), (Bota et al, 2015), (Rus, 2001).

Let ¢, ¢: R* - R*, then

ci- W, = {1,[): Y is increasing, nlirf Y™(t) =0,forany t > 0}.

The elements in this class are called comparison functions. If
Y € W, then the n™ iterate of ¢ is a comparison function, i is continuous
att=0,and yY(t) <t foranyt > 0.

Co-t W, = {Y: X1 Y™ (t) < +ooforallt > 0 andyp is nondecreasing}.
Y: Y is increasing, there existsany € N,a € (0,1),
c3-: W, = {asequence u, > 0 such that };,_; u, < +ocand
Y1) < ap™(t) +uy foralln >ng, t >0
is called the class of (¢) —comparison functions.

b > 1,asequence u, > 0 such that },,_; u, < 4+oand
bt IyYnti(e) < ab™Pp(t) + u, foralln > ny, t >0
is known as the class of (b) —comparison functions.
Note that W, c W,.If b = 1, then ¥; = ¥,.

P: Y is increasing, there exists any € N,a € (0,1),
C4': LIJ4_ =

Lemma 1.6 (Berinde, 1993) If Yy € ¥, with b > 1, then the series
Y=o b™Y"(t) converges for all t € R*, and 1,(t) = Xn=o b™Y"(t) is
increasing and continuous at t = 0.

In the light of the above lemma, ¥, € W¥;.

Lemma 1.7 (Pé&curar, 2010) If Y € ¥, with b > 1, and {a,} € R* is
such that lim a, = 0, then

n-+oo
oo

lim pk-mpk="(a,) = 0.

k—+00 Lup =g

Example 1.8 Let y(t) = qt, where q € [0,1) and t € R*. Consider
Yr_o Uk(t), where uy(t) = b*yX(t) and b > 1. If t =0, then Yp_, ug(t)
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converges frivially. If t > 0, then by the generalized ratio test (Berinde,
1993), Y=o ux(t) is convergent for any t> 0. Hence for some n, €
N, b1+ 1(t) < ab®™P?(t) + u, for all n > n, and t > 0. Consequently,
we have y € WY,.

The Banach contraction principle (BCP) (Banach, 1922) states that a
contraction mapping on a complete metric space has a unique fixed
point.

Let a: X x X - R*. A mapping f: X - X is called an a —admissible if
for all u,v € X, a(u,v) > 1 implies that a(fu, fv) > 1. Samet et al (2012),
Theorem 1, obtained the following generalization of BCP.

Theorem 1.9 Let (X,d) be a complete metric space and f:X - X
an a —admissible mapping. Suppose that there is an element u, in X with

a(ug, fug) = 1. If for any u,v € X, there exists Y € ¥, such that
a(u,v)d(fu, fv) < Y(d(u,v)),then F(f) is nonempty provided that f is
continuous.

Suzuki (2008) provided an interesting generalization of BCP that
characterizes metric completeness.

For some other important generalizations of BCP, see (Berinde,
1993), (Berinde, 1996), (Berinde, 1997), (Bhaskar & Lakshmikantham,
2006), (Nieto & Rodriguez-Lopez, 2005), (Nieto & Rodriguez-Lopez,
2007), (Ran & Reurings, 2004) and references therein. A number of fixed
point theorems have been obtained in b-metric spaces (Aleksi¢ et al,
2019a), (Aleksic et al, 2019b), (Ali & Abbas, 2017), (An et al, 2015a), (An
et al, 2015a), (Ciric’: et al, 2012), (Chifu & Petrusel, 2014), (Czerwik,
1993), (Karapinar et al, 2020), (Latif, 2015), (Mitrovi¢, 2019), (Pacurar,
2010).

The development of the metric fixed point theory of multivalued
mappings was initiated by (Nadler, 1969). He introduced the concept of
set-valued contraction mappings and extended the Banach contraction
principle to set-valued mappings by using the Hausdorff metric as
follows.

Theorem 1.10 Let (X,d) be a complete metric space. If a
multivalued mapping T: X — CB(X) satisfies H(Tu,Tv) < rd(u,v) for all
u,v € X and for some r € [0,1), then F(T) is nonempty.

The fixed point theory of multivalued mappings provides a useful
machinery to analyze the problems of pure, applied and computational
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mathematics which can be reformulated in the form of an inclusion for an
appropriate multivalued mapping.

For more results in this direction, we refer to (Abbas et al, 2012),
(Abbas et al, 2013), (Asl et al, 2012), (Rus et al, 2003), (Mitrovi¢ et al,
2020).

Khojasteh et al (2014) proved a new type of the fixed point theorem
for multivalued mappings in metric spaces as follows.

Theorem 1.11 Let (X,d) be a complete metric space. If a
multivalued mapping T: X — CB(X) satisfies

D(u,Tv) + D(v,Tu)
1+6w,Tu)+6(v,Tv)

H(Tu, Tv) < ( )d(u,v) (1.1)

for all u,v € X, then F(T) is nonempty.

Recently, Rhoades (2015) improved the result of Khojasteh for two
multivalued mappings as follows.

Theorem 1.12 (Rhoads, 2015) Let (X,d) be a complete metric
space. If multivalued mappings S,T:X — CB(X) satisfy H(Su,Tv) <
ngr(w, v)mgr(u,v) forallu,v € X, then F(T) n F(S) is nonempty, where

_ (max{d(w,v),D(u,Sw) + D(v,Tv),D(u,Tv) + D(v, Su)}
ngr(u,v) = ( 1+6w,Su)+6(w,Tv) ) (1.2)
D(u,Tv) + D(v,Su) '
mg (U, v) = max {d(u, v), D(u,Su), D (v, Tv), > }

If S =T in above theorem then we get the following result.

Theorem 1.13, (Rhoads, 2015). Let (X,d) be a complete metric
space. If a multivalued mapping T:X — CB(X) satisfiesfor all u,v €
X,H(Tu,Tv) < npr(u,v)mrr(u,v), then F(T) is nonempty.

Let a:X xX - Rt and U,V € P(X). Define
a.(U,V) = infyeypeva(u, v).

A multivalued mapping T:X — Cl(X) is called a,—admissible
mapping if for any u,v € X,a(u,v) > 1 implies that «a,(Tu,Tv) > 1. The
concepts of a, —admissible mapping coincides with « —admissible
mapping in case of a single valued mapping.
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Asl et al (2012), Theorem 1, defined (a,— ) — contractive
multifunctions and proved the following result.

Theorem 1.14 Let (X,d) be a complete metric space and T: X —
Cl(X) an a, —admissible mapping that satisfies a,(Tu, Tv)H(Tu,Tv) <
Y(d(u,v)) for all u,v € X and ¢ € ¥,. Moreover, if there exists a uy € X
and u, € Tuy such that a(ug,uq) > 1, then F(T) is nonempty provided
that if {u,} is a sequence in X such that a(u,,u,+;) > 1 for all n and

lim u, = u, then a(u,,u) > 1 for all n.
n—-+oo

In what follows, we assume that a b-metric d is continuous in one
variable.

Definition 1.15, compare with (Rus et al, 2003). Let (X,d) be a b-
metric space. A mapping T:X — Cl(X) is called a multivalued weakly
Picard operator (MWP operator), if for all u € X and for some v € Tu,
there exists a sequence {u,} satisfying (a1) uo =uw,u; = v, (a2) U1 €
Tu, for all n > 0, (as) {u,} converges to some z € F(T). The sequence
{u,} satisfying (a;) and (ay) is called a sequence of successive
approximations (ssa) of T starting from (u,v). If T is a single-valued
mapping, then we call it a Picard operator if it satisfies (a4) to (as).

Recently Bota et al (2015) proved the fixed point theorem for (a, —
1) — contractive multivalued mappings as follows.

Theorem 1.16 Let (X,d) be a complete b-metric space, a: X X X —
R* and T:X - CI(X) an a, —admissible multivalued operator that
satisfies

a,.(Tu, Tv)H(Tu, Tv) < Y(d(u,v))

for all u,v€X and y € ¥,. Assume that there exists a u, € X and
uy € Tug such that a(ug,uq) > 1. Then T is a MWP operator provided that
if there is a sequence {u,} in X such that u,, - u, then a(u,,u) > 1 for all
n € Nj.

A mapping T: X = Cl(X) is called (a, — f) —admissible mapping if
u,v € X,a(fu, fv) > 1 implies that a,(Tu, Tv) > 1.
Let (X,d) be a b-metric space, g: X - X and T: X - Cl(X). Set
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max{d(u,v),D(u,Tu) + D(v,Tv),D(u,Tv) + D(v,Tu)}
b(6(u,Tu) + 6(v, Tv) + 1) '

M7 (u,v) = max {d(u, v), D(w, Tw), D (v, Tv), D(u, Tv)z-:)D(v, Tu)},

Nr(u,v) =

and
N _ max{d(gu, gv), D(gu, Tu) + D(gv, Tv), D(gu, Tv) + D(gv, Tu)}
or (W v) = b(8(gw, Tw) + 6(gv, Tv) + 1)

D(gu,Tv) + D(gv,Tu)
My r(u,v) = max {d(gu, gv), D(gu, Tu), D(gv, Tv), T }

We now give the following definitions.
Definition 1.17 Let (X,d) be a b-metric space. A mapping T:X —

ClL(X) is called Suzuki type (a,. — ) — multivalued operator if there exists
ay € ¥, such that

%D(u, Tu) < bd(u,v) (1.3)

implies
a,(Tu, Tv)H(Tu, Tv) < max{1, Ny (u, v)}p (M (u, v)) (1.4)
forallu,v € X.

If in the above definition we replace a mapping T by a single valued
mapping f: X — X, then we call it a Suzuki type (a, — y) — operator.

Definition 1.18 Let (X, d) be a b-metric space. A hybrid pair (g,T) is
called a Suzuki type (a, — ) — hybrid pair of operators if there exists a
Y € ¥, such that

1
ED(gu, Tu) < bd(gu, gv) (1.5)
implies

a,(Tu, Tv)H(Tu, Tv) < max{l, Ny r(u, U)}Il)(Mg'T (u, v)) (1.6)

forallu,v € X.
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In case T is replaced by a single valued mapping f: X — X, we call it
a Suzuki type (a, — y) — pair of operators.

Fixed point of Suzuki type (a, — ) — multivalued
operators on b-metric spaces

In this section, we prove that Suzuki type (a, — ) — multivalued
operators are MWP operators.

Theorem 2.1 Let (X,d) be a complete b-metric space, a: X X X —
R* and T:X - Cl(X) a Suzuki type (a,— ) —multivalued operator.
Further, assume that T is a, —admissible mapping and there exists
X9 € X and x; € Tx, such that a(x,,x;) > 1. If for any sequence {x,}
converging to x in X, we have a(x,,x) > 1 foralln € Z*, then

d-: T is an MWP operator.

d,-: If there is some u € F(T) such that u # z and a(z,u) > 1, then

d(z,u) > 7 provided that 1 < Ny (x,y) for all x,y € X.

Proof. (d,) By the given assumption, there exists x, € X and
X1 € Tx, such that a(xg,x)>1. If xo =x,, then x, € Tx,. Define a
sequence {x,} in X by x,, = x; = x, for all n € Z*. Thus x,, € Tx,, for all
n >0 and {x,} converges to x =x, € F(T) and hence T is an MWP
operator. Let x, # x;. Since T is a, — admissible mapping, a.(xy,x;) > 1
implies that a,(Tx,, Tx;) >1. As T is a Suzuki type (a,—vy)—
multivalued operator and

1
ED(xo'Txo) < d(xp, x1) < bd(xg, x1), (2.1)

so from (1.4), we obtain

< D(x1,Tx1) < H(Tx,Txq) < a,(Txg, Tx1)H(Txg, Tx1)
< max{1, Nz (xo, x1)}¢p (Mr (o, x1))

1 max{d (xo, x1), D (xo, Txo) + D (x1, Tx1), D(xo, Tx1) + D(xy, TX)}
_ S b(1+ &8(xo, Txo) + 6(xq, Txy1))

P (max {d(xo, x1), D (xg, Txg), D(x1, Txy),

D(xq, Txy) + D (x4, Txo)}>
2b
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1 max{d(xq, x1), d(xg, %1) + D(x1, Tx1), bd(xg, %) + bD (x4, Tx1)}
B ma"{ ( b1+ d(xgx) + Dy, Tx) )}

P (max {d(xo, x1), D (x1, Txq), d(xp, x1) +2D (x4, TxJ})
(a0 70

1+ d(xg,%x1) +D(x1,Txy)

d(xo,x1) + D(x, Tx1)})

) P (max {d(xo,xl),D(xl,Txl), >

< Y(max{d(xo, x1), D (x1, Tx1)}).
That is
0 < D(x;, Txy) < Y(max{d(xo, x1), D(x1, Tx1)}). (2.2)
If max{d (xo, 1), D (1, Tx,)} = D (x5, Txy), then (2.2) implies that
0 < D(xy, Txy) < Y(D(xy, Txy)). (2.3)
As D(x;,Tx;) > 0 and ¢ € ¥, (2.3) give
0 < D(xy,Tx;) < Y(D(x1,Txy)) < D(x1,Txy),

a contradiction. Hence max{d(xy, x1), D(x1,Tx1)} = d(xq,x;1). From (2.3),
it follows that

0 < D(x1,Tx1) < P(d(x0,x1)). (2.4)
Let g > 1. We may choose x, € Tx; such that
0 < D(x1,Tx1) < d(x1,%2) < qD(xq, Tx1) < qp(d(x9,x1)).
That is
0 < d(x1,%2) < qD(x1,Tx1) < qip(d(xo, x1)). (2.5)
Since a(xy,x3) = a(Txy, Tx) >1, we get a(Tx,Tx,) > 1. Set

co = d(xg,x1) > 0, then from (2.5) we get x; # x, and d(xy,x;) < qy(cp).
Asy eV¥,, so

P(d(xy,x2)) < P(qyp(eo))- (2.6)
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_ p(ay(co)

If g = ————=, then by (2.6) g; > 1. Now, if x, € Tx, then the proof

P(d(x1,x2))
is finished. Let x, ¢ Tx,. Note that

1
ED(XLTXD < d(xq,x3) < bd(xq,x3).

By (1.4)

< D(x,,Txy) < H(Tx1,Txy) < a,(Txq, Txy)H(Txq, Txy)

< max{1, N (xy, x2) W (M7 (x4, x2))
max {1 (maX{d(xl’ xZ)' D(xl’ Txl) + D(xZ' sz)' D(x1, TXz) + D(Xz, Tx1)}

b(1 + 8(x;, Txy) + 8(x, Txy))

D (x4, Txy) + D(x5, Txq)
2b
max {1 (max{d(xl, x3),d(x1,%3) + D(x2, Tx3), b(d (%1, x3) + D (x5, Tx3))}
<

P <max {d(xl, x5), D(x1,Tx,), D (x5, Tx,),

b(1 + d(xq1,x5) + D(x3,Tx3))

d(x1,x;) + D(x,, sz)})

¥ (max{dCe, 1), d G, 1), D T2, ’

i (222G

Y <max {d(xl, %), d (%1, %), D (x5, Txy), d(x1,x2) +2D(x2, sz)}>

< Y(max{d(xy, x2), D(x3, Tx3)}).

That is

0 < D(xy, Txy) < Y(max{d(xy, x2), D (xz, Tx;)}). (2.7)
If max{d(x;,x5),D (x5, Tx;)} = D(x,, Tx,), then
0 < D(x3,Txy) < Y(D(xy,Txy)). (2.8)
Now D(x,,Tx,) > 0,y € ¥, and (2.8) give
0 < D(xy,Txy) < Y(D(x;,Txy)) < D(x,,Txy),
a contradiction. Hence

0 < D(x2, Txz) < P(d(x, x3)). (2.9)

)
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We may choose x; € Tx, such that
0 < D(xz, Txp) < d(¥z,%3) < q1D (%2, Tx,) < q1p(d(xy, X2)) = Y(qip(co))-
That is
0 <d(xp,x3) < q1D(x2,Txp) < 1P (d(xq,x3)) = 1/1(q1,[)(c0)). (2.10)

As a(xy,x3) > a(Txq,Tx,) > 1, so a(Tx,, Tx3) > 1. From (2.10), we
get x, # x5 and

W(d(xz,%3)) < P*(qp(co)). (2.11)
_ Y*(ay(co)
Set q, = TR > 1. If x3 € Tx3 then we are done. Suppose that

x3 & Tx3. Similarly, we obtain x, € Tx; such that

0 < d(x3,x1) < q1D(x3,Tx3) < g2 (d(x2,%3)) = wz(qw(c()))- (2.12)

Continuing this way, we can obtain a sequence {x,} in X such that
Xns1 € Txp, Xpy1 # Xn, (X1, Xne2) = 1, and it satisfies:

0 < D(xpt1, Txpt1) < P(A(Xn Xny1)) (2.13)

and

0 < d(¥n+1, ¥ns2) < P™(q(co)) (2.14)
for all n € Z*. From (2.14), for n,m € N with m > n, we have

d(xn' xm) < bd(xn' xn+1) + bzd(xn+1: xn+2)+- -
+b™ () Xm-1) + DA (X1, Xm)
< by (qy(co)) + b*Y™ (qip(co) ) +. -
+f’”‘”¢m‘3(q¢(60)) + b2 (q(co))
= 57z (0" (g (o)) + MY (g9 (o)) -

+b™ 22 (q(co)) )

450



m-—2

1 o
=z . bi(av(e)

n-2
=1 biwi(qwo))—; bii(qp(eo) |
Thatis
1 m-—2 n-2
At ) <z | D DY ab(e) = ) b (ap(er) | (2.15)
i=0 i=0

Set S, = XLy by (qy(cy)). Then from (2.15) we obtain that

1
d(xn: xm) < bn__z(sm—z - Sn—z)- (2-16)

By Lemma 1.6, X2, b'i(t) converges for any t > 0. Hence
lim S,_, =S5 for some SeR* If b=1, then from (2.16) we get

n-+o
lim d(x,, xy) < lim S,y — lim S,,_; = 0.If b > 1, then from (2.16) we
n-+oo n—+oo n—-+o

have

=0

1 Sim—
F(Sm—l_sn—l) < lim ==

llr_Pood(xn: xm) < nl_l>m n—-+oo bn_l

n- +co

for all m,n € N. Hence {x,} is a Cauchy sequence in X. There exists
z € X such that

lim d(x,,z) =0. (2.17)

n—-+oo

Now we show that z € F(T). If D(z,Tz) > 0, then we claim that one
of the following two inequalities

1
5D Txy) < bl (37, 2) (2.18)
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1
ED(an,Tan) < bd(xp+41,2) (2.19)

holds for all n € Z*. Assume on the contrary that there exists an n, € Z*
such that

1
ED(xno'Txno) > bd(xp,, 2) (2.20)

and
1
5D Cng1, Tang1) > bd (g 11, 2). (2.21)

Now from (2.13), (2.20) and (2.21), we have

d(nys Xng+1) < bd (g, 2) + bd(Z, Xy 1)
< 2D (ng Tny) + 5 D (g1, T +1)

< 2 d (g Xnge1) +59(dCngs Xnge1))

< 2 d(Xng Xngr1) + 5 A (g, Xng 1)

= d(xno’ xn0+1)

a contradiction. Hence either (2.18) or (2.19) holds for an infinite subset
N; of Z*. By the given assumption, it follows that a(x,,z) > 1. As T is
a, —admissible, a(Tx,,Tz) > 1. Now if (2.18) holds for all n € Z*, then
from (1.4) we get

D(xp41,Tz) < H(Tx,,Tz) < a,(Tx,, Tz)H(Tx,, TZ)
< max{1, Ny (xp,, 2) (M7 (xy, 2))
1 max{d(x,, z), D (x,, Tx,) + D(z,Tz),D(x,,Tz) + D(2,Tx,)}
_ max{ ( b(1 + 8(xn, Txn) + 8(z,T2)) )}
P (max {d(xn, z),D(x,, Txy), D(z,TZ), D(xn T2) 22D < Txn)})

{ (max{d(xn,z), d(xp, Xp41) + D(2,T2),D(x,, TZz) + d(z, xn+1)})}
maxi 1,
<

b(1 + d(xp, xpe1) + D(2,T2))

D(x,,Tz) +d(z, xn+1)}> .

P (max d(x,,2),d(xp, Xps1), D(2,TZ), b

452



On taking limit as n —» +o, we have

lim D(x,44,TZ)
n—-+oo

max{d(xn,2),d(Xn,Xn+1)+D(2,T72),D(Xn,TZ)+d(Z,Xn+1)}
max {1’ ( b(1+d(xXn,Xn41)+D(2,T2)) )}

< lim

St D(xn,TZ)+d(Z,Xn+1)
">+ (max {d (n, 2), d(n, Xns1), D (2, T2), el

As y is continuous at 0,9 € ¥, and D(z,Tz) > 0, we have

1 D(z,Tz)
"b(1+D(z,Tz))

D(z,Tz) < max{ }l/J(D(Z, Tz)) =y(D(z,Tz)) < D(z,Tz).

a contradiction. Consequently,z € Tz. Similarly, we obtain z € Tz when
(2.19) holds for an infinite subset N; of Z*.
To prove part (d ), let u € F(T) such that u # z and a(z,u) > 1.

Since T is a, —admissible, a,.(Tz, Tu) > 1. Now %D(z, Tz) =0<d(zu)
implies that

d(z,u) < bD(z,Tz) + bD(Tz,u) < bH(Tz,Tu)
< ba,(Tz, Tu)H(H(Tz, Tu))

{ (max{d(z, u),D(z,Tz) + D(u,Tu),D(z, Tu) + D(u, T z)})}
bmaxi1,

< b(1+6(z,Tz) + 8(u, Tu))

Y (max {d(z, W), D(z,Tz), D(u, Tw), D(z, Tu)z-:)D(u, Tz)})

max{d(z,u),d(z,z) + d(u,u),d(z,u) + d(u,z)}
b(1+d(z,2)+d(u,u)) )}
d(z,u) +d(u, z)})
2b

bmaxi{1, <
<

Y (max {d(z, u),d(z,z),d(u,u),

< bmax

Now, max{1, Nr(x,y)} = Nr(x,y)gives
d(z,u) < 2d(z,w)Y(d(z,w)) < 2d?(z,u)

and hence d(z,u) > %
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Corollary 2.2 Let (X,d) be a complete b-metric space, a:X X X —
R* and T: X — Cl(X) an a, — admissible mapping such that

1
ED(x, Tx) < bd(x,y)

implies that

a,(Tx,Ty)H(Tx,Ty) < max{1, Nr(x,y)}p(d(x,y))
for all x,y € X, € ¥,. Further, assume that there exists x, € X and
x1 € Txy such that a(x,,x,) > 1. If for any sequence {x,,} converging to x
in X, we have a(xy,,x) > 1 foralln € Z* then

eq-: T is an MWP operator
e,-: If there is some u € F(T) such that u # z and a(z,u) > 1, then

d(z,u) > %provided that

max{1, Ny (x,y)} = Nr(x,y) forall x,y € X.

Corollary 2.3 Let (X,d) be a complete b-metric space, a:X X X —
Rt and T: X — Cl(X) an a, — admissible mapping such that

1
3 D(x,Tx) < bd(x,y)

implies that

) d(x,y)
"b(1+6(x, Tx) + 5, Ty))

a,(Tx, Ty)H(Tx,Ty) < max { }lll(d (x,y))

for all x,y € X,y € ¥,. Further, assume that there exists x, € X and
x1 € Txy such that a(x,,x;) > 1. If for any sequence {x,,} converging to x
in X, we have a(x,,x) > 1 for alln € Z* then

es-: T is an MWP operator.
es-: If there is some u € F(T) such that u # z and a(z,u) > 1, then
d(z,u) > 1 provided that
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. d(x,y) |- d(x,y)
"b(1+6(x,Tx) + 6(y, Ty)) B b(1+6(x,Tx) +8(y, Ty))

max{
forall x,y € X.
Proof. Follows from Corollary 2.3.

Corollary 2.4 Let (X,d) be a complete b-metric space, a: X X X —
R* and T: X — CI(X) an a, — admissible mapping such that

1
ED(x, Tx) < bd(x,y)

implies that

a.(Tx,Ty)H(Tx,Ty) < Nr(x, ) (Mr(x,))

for all x,y € X,y € ¥,. Further, assume that there exists x, € X and
x1 € Txy such that a(x,,x;) > 1. If for any sequence {x,,} converging to x
in X, we have a(x,,x) > 1 foralln € Z* then

es-: T is an MWP operator.
e¢-: If there is some u € F(T) such that u # z and a(z,u) > 1, then

d(z,u) > .
Proof. Take max{1, Nr(x,y)} = Nr(x,y) in Theorem 2.1.

Corollary 2.5 Let (X,d) be a complete b-metric space, a: X X X —
R* and T: X — Cl(X) an a, —admissible mapping such that

1
ED(x, Tx) < bd(x,y)impliesthata, (Tx, Ty)H (Tx,Ty) (2.22)

< Nr(x, y)Y(d(x, y))
for all x,y € X,y € ¥,. Further, assume that there exists x, € X and
x1 € Txy such that a(x,,x;) > 1. If for any sequence {x,,} converging to x
in X, we have a(x,,x) > 1 for alln € Z* then

er-: T is an MWP operator.
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eg-: If there is some u € F(T) such that u # z and a(z,u) > 1, then
d(z,u) > %

Proof. Take M;(x,y) = d(x,y) in Corollary 2.4.

The following Corollary is a Suzuki type generalization of (Asl et al,
2012), Theorem 2.1 (Bota et al, 2015), Theorem 1 (Mohammadi, 2013),
Theorem 3.1 (Samet et al, 2012), Theorem 2.2 and references therein in
the context of b-metric spaces.

Corollary 2.6 Let (X,d) be a complete b-metric space, a: X X X —
R* and T: X - CI(X) an a, — admissible mapping such that

1 o
ED(x, Tx) < bd(x,y) implies that (2.23)
a.(Tx, Ty)H(Tx,Ty) < ¢ (Mr(x,y))

for all x,y € X,y € ¥,. Further, assume that there exists x, € X and
x1 € Txg such that a(xy,x;) > 1. Then T is an MWP operator provided
that for any sequence {x,} converging to x in X, we have a(x,,x) > 1 for
alln e Z*.

Proof. Take max{1, Nr(x,y)} = 1 in Theorem 2.1.

Corollary 2.7 Let (X,d) be a complete b-metric space, a: X x X -
R* and T: X — Cl(X) an a, — admissible mapping such that

a.(Tx, Ty)H(Tx,Ty) < Y(Mr(x,y)) (2.24)

for all x,y € X,y € ¥,. Further, assume that there exists x, € X and
x; € Txy such that a(xy,x;) > 1. Then T is an MWP operator provided
that for any sequence {x,} converging to x in X, we have a(x,,x) > 1 for
alln € Z*.

Corollary 2.8 Let (X,d) be a complete b-metric space, a: X X X —
R* and T: X — CI(X) an a, — admissible mapping such that

%D(x, Tx) < bd(x,y)
implies that

a.(Tx, Ty)H(Tx,Ty) < ¥(d(x,y)) (2.25)
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for all x,y € X,y € ¥,. Further, assume that there exists x, € X and
x, € Txy such that a(xg,x;) > 1. Then T is an MWP operator provided
that for any sequence {x,} converging to x in X, we have a(x,,x) > 1 for
alln e Z*.

Proof. Take M;(x,y) = d(x,y) in Corollary 2.6.

Now we state Theorem 2.1 in the context of single valued mapping
f:X - X, where X is a b-metric space. The existence of a fixed point
follows immediately from Theorem 2.1. To prove the uniqueness of the
fixed point, we need the condition H, given as follows:

(H): for all x,y € X, there exists a z € X such that a(x,z) > 1 and
a(y,z) > 1.

Corollary 2.9 Let (X,d) be a complete b-metric space and a: X x
X - R* and f: X - X an a — admissible mapping such that

1
> d(x, fx) < bd(x,y)
implies that

a(fx, fy)d(fx, fy) < max{1, Ny (e, y) b (M (x, ) (2.26)

for all x,y € X,y € ¥,. Further, assume that there exists x, € X and
X1 = fxo such that a(xg, x;) > 1 and for any sequence {x,,} converging to
x in X, we have a(x,,x) > 1 for all n € Z*. If the condition (H) is satisfied,
then f is a Picard operator and for an arbitrary z € X, the sequence {f"z}
converges to some w € F(f) and

eo-: F(f) = {w}if max{l, N¢ (x, y)} =1,
eq0-: d(u,w) >§ for any u € F(f) such that u #w provided that
max{l, N¢ (x, y)} = N¢(x,y).

Proof. Theorem 2.1, f is a Picard operator and F(f) is nonempty.
Let u,v € F(f) such that u # v. By the condition (H), there exists a z € X
such that a(u,z) >1 and a(v,z) > 1. Note that {f"z} is a Picard
sequence which converges to some w € F(f). As f is an a — admissible
mapping, so for alln > 1 we have a(u, f*z) > 1 and a(v, f*z) > 1. Since
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%d(u,fu) =0 < bd(u, f"'2),

by (2.26) we have

d(u, f"z) = d(fu, f"z)
a(fu, ff12)d(fu, ff"12)
max{1, Ny (w, f* ' 2) (M (w, f " 12))

| (maxldQu 171, dGu fu) + AUz ff 1), A £ 1) + A7 fu))
< max{ < b(1+d(u, fu) + d(f" 1z, ff"12)) )}
P (max {d(u, f"_lz), d(u, fu), d(fn—1z, ffn_lz), d(u, ff™ 1Z);)d(fn 1z, fu)})

1 max{d(u, f*12),d(u,w) + d(f" 1z, f"z),d(u, f"z) + d(f* 1z,u)}
< max{ < b(1 +d(u,w) +d(f*1z, fnz)) >}

VAN

n n-1
¥ (max {d(u: frtz),d(ww),d(f" 'z, f"2), 4w/ ;:(f z u)}>.

On taking limit as n — 4o, we obtain that

max{d(u,w),d(u,u) + d(w,w),d(u,w) + d(w,u)}
max{1’< b(1 + d(u,u) + d(w, w)) >}

" (max {d(u W), d(u, w), d(w, w), L) ;;d(w’ ”)})
= max{l (M>}¢(d(u w)).

That is

d(u,w) <

2d (u, w)

du,w) < max{l ( )}l/)(d(u w)). (2.27)

Now, If max{1, Ny(x,y)} = 1, and w # u, then we have
d(u,w) < Y(d(u,w)) < d(u,w). (2.28)
Also, if max{1, N¢(x,y)} = 1, and v # w, then we have

d(v,w) < Y(d(v,w)). (2.29)
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A contradiction in both cases. Thus w = u = v, and hence F(f) is
singleton. If max{1, N;(x,y)} = N¢(x,y) and u # w then from (2.27) we
get

2d(u,w) 2
d(u,w) < Tl/)(d(u, w)) < Edz(u, w)

and d(u,w) > 7.

Corollary 2.10 Let (X,d) be a complete b-metric space and
a:X XX - Rt and f: X - X an a — admissible mapping such that

%d(x, fx) < bd(x,y) implies that a(fx, fy)d(fx, fy) < Y (M (x,y))

for all x,y € X,¢ € ¥,. Further, assume that there exists x, € X and
X1 = fxo such that a(xg, x;) > 1 and for any sequence {x,,} converging to
x in X, we have a(x,,x) > 1 for all n € Z*. If the condition (H) is satisfied,
then f is a Picard operator and for an arbitrary z € X, the sequence {f"z}
convergestow € F(f) and F(f) = {w}.

Corollary 211 Let (X,d) be a complete b-metric space and
a:X x X - R*. Let f: X —» X be an a — admissible mapping that satisfies

1
> d(x, fx) < bd(x,y)
implies that

a(fx, fy)d(fx, fy) < max{1, Ny (x, )} (d(x, )

for all x,y € X,y € ¥,. Moreover, suppose that there exists x, € X and
X1 = fxo such that a(xy, x;) > 1 and if there is a sequence {x,,} in X such
that x,, —» x, then a(x,,x) > 1 for all n € Z*. Further, assume that there
exists x, € X and x; = fx, such that a(x,,x;) > 1 and for any sequence
{x,} converging to x in X, we have a(x,,x) > 1 for all n € Z*. If the
condition (H) is satisfied, then f is a Picard operator and for an arbitrary
z € X, the sequence {f"z} converges to w € F(f) and F(f) = {w}. Also,

d(u,w)>§ for any u€eF(f) such that u=#w provided that
max{l, N (x, y)} = N¢(x, ).
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Example 2.12 Let X = {x;,x,,x3,%4, x5} and d:X xX - R* be
defined as
d(xz,x5) = d(x3,%4) = d(x3,%5) = d(x2,%,) = 6,
d(x5,%x3) =9,d(xq,x4) = d(x1,x5) = 10,
d(x1,x2) = d(xq,x3) = 4,d(x4,x5) =1,
d(x,x) =0and d(x,y) =d(y,x) forall x,y € X.
As 9 =d(x,,x3) £ d(xy,x1) +d(x1,x3) =8, so d is not a metric on
X. Indeed, (X, d) is a b-metric space with b = Z > 1. Consider a mapping
T:X — Cl(X) defined by Tx;=Tx,=Tx3={x},Tx,={x,} and
Txs = {x3}. If we take yY(t) = %t for t € R*, then y € ¥, (see 1.8). If
mapping a:X x X » R* is defined as a(x;x;) =1 for all i,j € {1,2,3,4,5},
then T is an a, —admissible mapping. For x,y € {x1,x,,x3}, we have

H(Tx,Ty) =0 < max{1, Nr(x, WM (x,y)). For (x,y) when x¢€
{x1,x,,x3} and y € {x,, x5}, we obtain that

a(Txy, Txg)H(Tx1,Txy) = d(x1,%2) = 4 <9 = P(d(x1,%4))
< max{l, NT(xl,x4)1/J(MT(x1[,}x4)),

a(Txz, Tx )H(Txz, Txy) = d(x,x2) =4 < 10~ P (d(xz,x4))
< max{l, NT(x2:x4)1/’(MT(3SCZ X4)),

a(Tx3, Txg)H(Tx3, Txy) = d(xq,%2) =4 < 0°- Y(d(x3,x4))

< max{1, Ny (x3, x4 )Y (Mr(x3, x4)),
a(Txy, Txs)H(Txy,Txs) = d(x1,%3) = 4 <9 = P(d(x1,%5))
< max{1, Ny (xy, x5)Y (M7 (x4, Xs5)),

54
a(Txy, Txs)H(Txz, Txs) = d(xq,x3) =4 < 10~ Y(d(xz,x5))
< max({l, NT(lexs)lp(MT(?SCZ Xs)),
a(Tx3, Txs)H(Tx3,Txs) = d(xq,x3) =4 < 0°- Y(d(x3,x5))
< max{1, Ny (x3, x5)Y (Mr(x3, Xs5)).
Note that
1 1 9
ED(x4,Tx4) = Ed(x4, xX,)=3> i bd (x4, x5),

and

1 1 5
ED(xs,Tx5) = Ed(x5,x3) =3> i bd (x5, x4).
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Hence
1
5 (D@, Tx) < bd(x,7)) <0

implies
a(Tx, Ty)H(Tx,Ty) < max{1, Nr(x, y)}(Mr(x,y))

holds for all x,y € X. Thus all the conditions of Theorem 2.1 are satisfied.
On the other hand, if we take x=ux4,y=x5 then
a(Txy, Txs)H (T2, Txs) = d(xy,%3) = 9 > Y(d (x4, x5)) = (1) =5 and
a(Txy, Txs)H(Txy, Txs) % P(d(x4,x5)). Consequently, Theorem 1.16 in
(Bota et al, 2015) does not hold in this case.

The following example illustrates an assumption max{1, Nr(x,y)} >
1.

Example 2.13 LetX = {x;, x5, x3}andd: X x X - R*be defined as
d(x1,%2) = 4,d(x1,x3) = 1,d(x3,x3) = 2,
d(x,x) =0and d(x,y) = d(y,x) for allx,y € X.

As 4 =d(xq,x;) ¥ d(x1,x3) +d(x3,x,) =3, SO d is not a metric on
X. Indeed,(X,d) is a b-metric space with b = g > 1. Consider a mapping
T:X — CI(X) defined by
{x2}ifx = xy,
Tx =< {x }ifx = xp,
{x,}if x = x5.

If we take Y(t) = gt for t € R*, then y € ¥, (see Example 1.8). If
a:X x X - R* is defined as a(x;,x;) =1 for all i,j € {1,2,3}, then T is
a, — admissible. Note that

3max{d(xq,x;),D(x1,Tx1) + D(x3,Tx3),D(xq1, Txy) + D(x5, Tx1)}

N =
(X1, %2) 4(1+ 6(xq,Txy) + 6(x3,Txy))

_ 3max{d(xy, xz), d(x1, %3) + d(xz, %1), d (%1, 1) + d (%2, X5)}
4(1 4+ d(xq,x1) +d(x3,x3))

3max{4,8,0}
=—=6>1.
4(1+0)

Hence max{1, N;y(x,y)} = 6 > 1. Note that
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3max{d(xq,x3),D(x1,Tx1) + D(x3,Tx3), D(x1,Tx3) + D(x3,Tx,)}

Nr(x1, x3) = 4(1+ 6(xy, Tx3) + 6 (%3, Tx)
_ 3max{d(xq, x3), d(xq, X3) + d(x3,x3),d(x1,x3) + d(x3,%3)}
4(1 + d(xq,x3) + d(x3,x3))
_ 3max{1,4,3} B 3
T 4(14+1+2) 4
and
N _3max{d(x, x3), D(xz, Tx3) + D(x3,Tx3), D(x, Tx3) + D(x3,Tx3)}
r(¥2,%3) = 4(1 + 8 (xy Tx3) + (%3, Tx,))
_ 3max{d(x;, x3), d(x, x1) + d(x3,%3),d(x2,x3) + d(x3,%1)}
4(1 4+ d(xy, x3) + d(x3,%1))
_ 3max{2,4,3} B 3
T 4(1+24+1) 47
Also,

64
a(Txy, Txx)H(Tx1, Txy) = d(x2,%1) =4 < 3= N (g, %) (d (1, X2))
< max{1, Ny (xq, x2)Y (M7 (X1, X2)),

a(Txy, Tx3)H(Tx1,Tx3) = d(x2,%3) =2 < g = Nr(xq, x3)9(d (x1, Tx1))
< max{l, NT(xl'xS)lp(MT(xi' x3)),

a(Txz, Tx3)H(Txz, Txz) = d(xq,x3) = 1< 37 Nz (x2, x3)9(d (X2, x3))
< max{1, Nz (xz, x3) (Mg (xz, x3)).

Thus all the conditions of Theorem 2.1 are satisfied. On the other
hand, if we take x = x;,y = x,, then a(Tx,, Tx,)H(Tx1,Tx,) = d(xy,%3) =
4> P(d (e, xp) = Pp(4) =2 Hence a(Txy, Tx,)H(Txy, Tx,) £
Y(d(xq1,x,)). Consequently Theorem 1.16 in (Bota et al, 2015) is not
applicable in this case which is a generalization of Theorems 1.14 and
1.9.

For b = 1, Theorem 2.1 reduces to the following important Corollary.

Corollary 2.14 Let (X,d) be a complete metric space, a: X x X -
R* and T: X — Cl(X) satisfies the following implication
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1
5 D(x, Tx) < d(x, y)implies max{1, ny,r(x, )} (mr,r (x, ¥))

for all x,y € X and ¢ € ¥, where nrr(x,y) and myr(x,y) are the same
as given in (1.2), Further, assume that there exists x, € X and x; € Tx,
such that a(x,,x;) > 1 and for any sequence {x,} converging to x in X,
we have a(x,,x) > 1 foralln € Z*. Then

eq-: T is an MWP operator.
eq2-: If there is some u € F(T) such that u # z and a(z,u) > 1, then

d(z,u) > % provided that

max{1,nrr(x,y)} = nrr(x,y).

Next we present an example which shows that Corollary 2.14 is a
potential generalization of Theorems 1.14, 1.9, 1.11, 1.13.

Example 2.15 LetX = {x,x,,x3, %4, xs}andd: X x X - R*bedefined
by
d(xz,x5) = d(x3,x4) = d(x3,x5) = d(x2,%4) =5,
d(x1,x4) = d(xq,x5) = 9,d(x1,x3) = d(x1,%x3) = 4,
d(x4,x5) = 2,d(x2,x3) = 8,
d(x,x) =0and d(x,y) = d(y,x) forall x,y € X.

Note that d is a metric on X. Consider a mapping T:X — CI(X)
defined by Tx; = Tx, = Tx; = {x1}, Tx4 = {x,} and Txs = {x3}. If we take
Y(t) = gt for t € RY, then ¢ € ¥; for each i = 1,2,3,4 (see Example 1.8).
If a:X x X - R* is defined as a(x;,x;) =1 for all i,j € {1,2,3,4,5}, then T
is a, —admissible mapping. For x,y € {x1,x,,x3}, we have H(Tx,Ty) =
0 < max{1, Nr(x, )}y (Mr(x,y)). For (x,y), when x € {xq,x,,x3} and
vy € {x4, x5}, we obtain that

a(Txy, Txg)H(a(Tx1,Txy)) = d(x1,x2) = 4 <8 = P(d(x1,x4))

< max{1, nyr(xg, X)) (Mr (X1, X4)),
40
a(Txz, Txy)H(Tx3, Txy) = d(xq,%2) =4 < 9 = Y(d(xz,x4))

< max{1, nyr(xz, x4)P (Mg (X2, X4)),
40
a(Txs, Tx,)H(Tx3,Txy) = d(xq,%2) =4 < 9 = Y(d(x3,x4))
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< max{1, nyr(x3, x4)P (Mg r(x3,x4)),
a(Txy, Txs)H(Txq, Txs) = d(xy,%3) =4 < 8 =YP(d(x1,%5))
< max{1, nyr(xq, xs)Y (mr (X1, Xs5)),
40
a(Txy, Txs)H(Txy, Txs) = d(xq,x3) =4 < 9 = Y(d(x2,x5))
< max{1, nyr(xz, x5)P (Mg (X2, X5)),
4

0
a(Txs, Txs)H (Tx3, Txs) = d(x1,%3) = 4 < 5 = P(d(x3,%5))

< max{1, nyr(x3, x5)P (Mg r(x3, X35)).

Note that —D(x,Txy) = d(xx,) =2>1=d(x;x5), and
~D (x5, Txs) = 5d (x5, x3) =2 > 1 = d(xs, xs).

Hence

5 (DG T0) < dx,y)
implies
a(Tx, Ty)H(Tx, Ty) < max{1, Nr(x, Y)Y (Mrr(x,y))

holds for all x,y € X. Thus all the conditions of Corollary 2.14 are
satisfied. On the other hand, if we take x = x,,y = x5,
then

8
a(Txy, Txs)H(Txy4, Txs) = d(x5,%3) = 8 > P(d(xy,x5)) = ¢Y(1) = 5

Hence,
8
a(Txy, Txs)H(Tx,,Txs) =8 £ 5 = P(d(xy, x5)).

Consequently, Theorem 1.14 is not applicable in this case. Note that
Theorem 1.14 is a generalization of Theorem 1.9. Now
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max{d (x4, x5), D (x4, Tx,) + D(xs5,Tx5), D (x4, Txs) + D (x5, Txy)}
(X4, Xs) = 1+ 6(xg, TXg) + 6(xs, TX5)
_ max{d(xy, Xs), d(xX4, x) + d(xs, X3), d (x4, x3) + d(x5, %)}
1+ d(x4,x5) +d(x5,x3)
_ max{1,10,10} _ 10
a 11 TR

D(x4,Txs5) + D(x5,Txy)
M G, 5) = max fd (y, x5), D (s, Tx), D (s, T5), . |

= max{1,5,5,5} =5

implies that a(Tx,, Txs)H(Tx,,Txs) =8 £ % = npr(Xg, Xs)Mp (X4, Xs5).

Hence, Theorem 1.13 which is a generalization of Theorem 1.11 does
not hold in this case.

Coincidence and common fixed point results in b-metric
spaces

As an application of Theorem 2.1, we obtain the existence of
coincidence and common fixed point of Suzuki type (a, — 1) — hybrid
pair of operators in b-metric spaces.

Theorem 3.1 Let (X,d) be a b-metric space and (g,T) a Suzuki
type (a,—y)—hybrid pair of operators such that T an
(a. — g) —admissible mapping. Suppose that there exists x, € X and
gx, € Tx, such that a(gx,, gx;) > 1 and for any sequence {x,} in X with
gx, = gx, we have a(gx,, gx) > 1 for all n € Z*. Then there exists x in X
such that gx € Tx provided that T(X) € g(X) and g(X) is complete.
Moreover, if there is some gy € Ty such that gx # gy and a(gx,gy) > 1

then d(gx, gy) > % Further, F(g,T) is nonempty if any of the following
conditions hold:

f;-: The hybrid pair (g,T) is w — compatible, lir+n gt(x) =w for
n—->+oco

somew € X and x € C(g,T) and g is continuous at w.
f,-: The mapping g is T —weakly commuting at some x € C(g,T)
and g%x = gx.
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f;-: The mapping g is continuous at at some x € C(g9,T) and
lirp g"(w) = x for some w € X.
n-+oo

Proof. Lemma 1.3, there is a set E < X such that g: F — X is one-to-
one and g(E) = g(X). Define a mapping 7: g(E) - CB(X) by Tgx =Tx
for all g(x) € g(E). The mapping T is well defined because g is one—to-
one. Since (g,T) is a Suzuki type (a. —1) — hybrid pair of operators,
therefore

%D(gx, Tx) < bd(gx, gy))
implies
o, (Tx, Ty)H(Tx, Ty) < max{1, Ny (x, )} (Mg r (x,3))
ax { . max{d(gx, gy), D(gx,Tx) + D(gy,Ty), D(gx,Ty) + D(gy, T x)}}
_ ' b(1+8(gx,Tx) +8(gy, Ty))

D(gx,Ty) ZJ; D(gy,T x)})

A

| ¥ (max{a(gx,9v). Dgx. 720, D(gy, Ty)

forall x,y € X for some y € ¥, and ¢ € ®. Thus

(5D (9%, Tgx) < bd(gx, gy))
implies
Ja.(Tgx, Tgy)H(Tgx,Tgy) < max{l, Nr(x,y)}p(Mr(x,y))
max {1 max{d(gx,9y).D(gx,Tgx)+D(gy,.T9y),D(gx.Tgy)+D(gy,T gx)}}
_ ’ b(1+8(gx,Tgx)+8(gy.Tgy))

B D T +D T
L ¥ (max{d(gx, gy), D(gx, Tgx), D(gy, Tgy), "R L0U» 100 )

for all gx,gy € g(E). Since g(E) = g(X) is complete. By the given
assumption, there exists x, € X and gx; € Tx, such that a(gx,, gx1) > 1.
As T is (a, — g) — admissible, we have a(Tx,Ty) > 1 which implies that
a(Tgx,Tgy) > 1. Thus T is a, —admissible. Hence T satisfies all the
conditions of Theorem 2.1. Consequently, 77 is an MWP operator on
g(E), and we obtain a point u € g(E) such that u € Tu. Since u € g(E),
there is a point x in X such that gx = u. This implies that gx € Tgx = Tx.
By Theorem 2.1 if there is some w € Tw such that u #w and a(u,w) >

1, then we have d(u,w) > % if max{1, Ny r(x,¥)} = Ngr(x,y). For w € Tw
there is a y in X such that such gy=w and gyeTgy=
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Ty.Consequently, d(gx, gy) > % Now we prove that F(g,T) # @. First
consider the case when (C4) holds. Since the pair (g,T) is
w — compatible and lirP g"(x) = u for some u € X, the continuity of g at
n—>+oo
u implies that gu=u and lir)p g"(x) = gu. Now a(g"(x),gu) >1
n—+oco
and(a, — g) — admissibility of T imply that a(Tg™ !(x),Tu) > 1. By
w — compatibility of the pair (g,T), we have g"(x) € T(g" 1(x)), that is
g"(x) e C(g,T) for all n € N. Note that

1
5D(@" (), T (0))) < d(g"(x), g"(x)) = 0 < bd(gg™™* (x), ).

Since (g,T) is a generalized Suzuki type (a, —¥) — hybrid pair of
operators, therefore

D(g"x,Tu)
< H(Tg" 'x,Tu) < a(Tg™" 1(x), TwH(Tg" 'x, Tu)

max {1 max{d(g"x,gu),D(g"x,Tg"‘lx)+D(gy,Tu),D(gnx,Tu)+D(gu,Tg”_1x)}}
’ b(1+8(g"x,Tg" 1x)+8(gu,Tw))

x n n-1
max {d(g"x, gu),D(g"x, Tg" 'x),D(gu, Tu),D(g xTu)+Dgu.Tg x)}

2b
max{d(g™x,gu),d(g"x,g™"x)+D(gu,Tu),D (g"x,Tu)+d(gu,g"x)}}
b(1+d(g"x,g™x)+D(gu,Tu))
D(g"x,Tu)+d(gu,gnx)}
2b '

B max{l,

max {d(g"x, gu),d(g"x, g™"x), D(gu, Tu),

On taking limit as n — +oo0, we obtain that

D(gu, Tu)
"b(1 + D(gu, Tu))

D(gu, Tu) < max {1 }1,[)(D(gu, Tu)) = Y(D(gu, Tu)).

If D(gu,Tu) >0, then we have D(gu,Tu)<D(gu,Tu), a
contradiction. Consequently, u = gu € Tu. That is F(g,T) # @. Now let
(C,) hold, then g%x = gx for some x € C(g,T). By T — weakly commuting
of g, we have gx = g?x € Tgx. Hence gx € F(g,T). In case (C3) holds,

lim g"(u) = x for some ue€ X and x € C(g,T). By continuity of g, we

n—-+oo

obtain that x = gx € Tx.

Hence F(g,T) + @.
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Corollary 3.2 Let (X,d) be a b-metric space and (g, T) a hybrid pair
such that T is an (a, — g) — admissible. If there exists a ¢ € ¥, such that

1
5 D(gx,Tx) < bd(gx, gy)
implies that

a.(Tx, TY)H(Tx, Ty) < max{1, N, r(x, ) (d(x,y))

for all x,y € X. Suppose that there exists x, € X and gx; € Tx, such that
a(gxy, gx;) > 1 and for any sequence {x,} in X such that gx,, - gx, we
have a(gx,, gx) > 1 for all n € Z*. Then there exists x in X such that
gx € Tx provided that T(X) < g(X) and g(X) is complete. Moreover, if
there is some gy € Ty such that gx # gy and a(gx,gy) > 1, then
d(gx,gy) > % Further, F(g,T) is nonempty if the conditions (j1)-(j3)
Theorem 3.1 hold.

Corollary 3.3 Let (X, d) be a b-metric space and (g, T) a hybrid pair

such that T is an (a, — g) — admissible. If there exists a ¢ € ¥, such that

~D(gx,Tx) < bd(gx, gy)
implies

a.(Tx, Ty)H(Tx,Ty) < (d(x,¥))
for all x,y € X. Suppose that there exists x, € X and gx; € Tx, such that
a(gxy, gx1) > 1 and for any sequence {x,} in X such that gx,, - gx, we
have a(gx,, gx) > 1 for all n € Z*. Then there exists x in X such that
gx € Tx provided that T(X) € g(X) and g(X) is complete. Moreover, if
there is some gy € Ty such that gx # gy and a(gx,gy) > 1, then
d(gx,gy) >%. Further, F(g,T) is nonempty if the conditions (j1)-(jz) in
Theorem 3.1 hold.

Data dependence of fixed point sets and Ulam-Hyers
stability results

Consider the following class of functions
0 = {¢: Rt - R*such that ¢ is increasing and continuous at 0}.
Let (X,d) be a b-metric space and T:X — P(X). The fixed point

problem of T is to find an x € X such that
x € Tx. 4.1)
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Inequality (4.1) is also known as fixed point inclusion. The fixed point
inclusion is said to be generalized Ulam-Hyers stable if there exists a
function ¢ € © such that for each ¢ > 0 and for each solution u, of the
inequality

D(w,Tu) < ¢ (4.2)

there exists a solution z, of the fixed point problem (4.1) such that
d(u., z,) < §(e).

Further, if there exists a ¢ > 0 such that é(t) = ct for each t € R™,
then the fixed point problem (4.1) is said to be Ulam-Hyers stable. Let
F(T) and U be the sets of solutions of (4.1) and (4.2), respectively. For
more on Ulam-Hyers stability of fixed point problems, we refer the
interested reader to (Ulam, 1964), (Lazar, 2012), (Petru et al, 2011),
(Rus, 2009), (Hyers, 1941). Let (X,d) be a b-metric space and T: X —
Cl(X) be a multivalued mapping then E(T) = {x € X: {x} = Tx}.

Define a multivalued operator T*: G(T) — P(F(T)) by

T®(x,y) = {z € F(T): there is an ssa of Tat (x, y)converging to z}

where G(T) = {(x,y):x € X,y € Tx} is a graph of T.
A selection of T: X — P(X) is a single valued mapping t: X — X such
that tx € Tx for all x € X.

Definition 4.1 (Rus et al, 2003). Let (X,d) be a metric space and
¢ > 0. An MWP operator T: X — P(X) is called ac — multivalued weakly
Picard (briefly c —MWP) operator if there exists a selection t* of T® such
that d(x,t®(x,y)) < cd(x,y) for all (x,y) € G(T).

One of the main results concerning ¢ — MWP operators is the
following:

Theorem 4.2 (Rus, 2001). Let (X,d) be a metric space and
T, To: X = P(X). If T; is a c; —MWP operator for each i € {1,2} and there
exists A>0 such that H(Tx,T,x)<A for all xe€X. Then
H(F(T1), F(T2)) < Amax{cy, ¢z}

Now we prove the following result.
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Theorem 4.3 Let (X,d) be a complete b-metric space and a:X X
X - R*. Suppose that

g+-: for each i € {1,2},T;: X = Cl(X) are multivalued operators such
that

1
ED(x, Tix) < bd(x,y)

implies that
a,(Tix, Tiy)H(Tix, T;y) < max{1, Nr,(x, y) i (d(x,¥)) (4.3)

forall x,y € X,{; € ¥,.

g.-: foreach i € {1,2}, T; is a, — admissible mapping,

gs-: there exists xy, € X and x, € T;x, such that a(xy,,x;) > 1 for
eachi e {1,2},

d4-: if there is a sequence {x,} in X such that x, — x, then a(x,,x) >
1 forallneZt,

gs-: there exists A > 0 such that H(T,x,T,x) < A, forall x € X.

Then Fix(T;) € Cl(X),i € {1,2} and each T; is an MWP operator such
that

H(Fix(Ty), Fix(T,)) < bmax{1,1;}
where A; = Yw., b*y¥ (1) foreach i € {1,2}.
Proof. From Theorem 2.1, it follows that Fix(T;) # @ for each
i € {1,2}. Let {x,,} be a sequence in Fix(T;) such that x, - z as n = +oo.

This implies that a(x,,z) > 1. Since T, is a, —admissible mapping,
a(Tyx,, T1z) > 1. As

1
ED(x”' Tix,) = 0 < bd(z,x,),

so we get
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D(z,T,z)

< bd(z,x,) + bD(x,, T Z)

< bd(z,x,) + bH(T 2, Tyx,) < bd(z,x,) + ba(Tyx, T1z)H(T 2, Ty xy,)
< bd(z,xy) + max{1, Np, (x, y) 1 (d(x, y))

mESEERS Mo
<\ bmay L e S i) + (e o)) ( Pré& )
+bd (2, %))
et
S| Pmax L e D ) + dGen ) (L&)
+bd (2, %))

On taking limit as n — 4+, we obtain that D(z,T;z) <0, that is,
z € T,z and hence F(T;) is closed.

Similarly, F(T,) is a closed subset of X.

From Corollary 2.2, we conclude that T; for each i € {1,2} is an MWP
operator.

By a similar process as followed in Theorem 2.1 starting from
x1 € F(T,) and x, € T,x;, we obtain a sequence {x,} such that x,,; €

Tox, for all n>1, x,41 # X, a(Xni1, Xne2) = 1,0 < D(Xp4q, TXpeq) <
Y2 (d (X, Xn41)) and

0 < d(xps1,Xne2) < l/);l(qd)(co)) (4.4)

foralln > 1, where ¢, = d(xq, x3).

Following the arguments similar to those in the proof of Theorem 2.1, we
conclude that {x,} is a Cauchy sequence and there is an element u in X
such that x, - uasn - +o and u € T,u.

Note that
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d(xn:xn+p)

< bd(xp, Xpi1) + A (Xpg1, Xpa2)+ . +bp_1d(xn+p_2, Xn+p-1)
+bPd(Xp1p-1, Xn4p)

< b3 (qa(co)) + b2 (a2 (co))+... +bp—1¢;l+p_3(qll’2 (co))
+bP P (g2 (<o)

1 e
pn—2 (bn_ll/)g_l(qlpz(co)) + bnl/ﬂzl(qlpz(co))*‘- . +bn+p_21/); P 2(‘11/)2(00)))

n+p-2 n+p-2

1 1
= Y PUE(aa(e) S g ). DAY (ap, ()

k=n-1 k=n-1

<

n+p-2 n-1
1
=1 B LG 2I) RN CUAC) RNl CEA0)
k=0

k=0

That is,

n+p-2

n-1

1

Ao Xnip) S 7oz| DL DRE(ah) = D BFp(q.D)
k=0 k=0

(4.5)

+ bn_lll’g_l(ml’z(/l)) .
On taking limit as p — +o0, we get
1 co n-—1
At 1) < F(Z DA (qpo) = ) bk (a, (D)
k=0 k=0 (4.6)

+ b"'llPE‘_l(qwz(l)))

By Lemma 1.6, Y5, b*%(t) converges for any t > 0, there exists
A, > 0 such that Y7, b*¥p% (1) = 1, and hence
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n—-1

1
A0 0) < g | A2 = ) BWE(ap ) + b" 8 (qp, () | (47)
k=0
For n =1, we get d(x;,u) < bA,. Thus for x, € F(T;), there exists
u € F(T,) such that d(x,,u) < bA,. Similarly for each z, € F(T,), we get
v € F(T;) and A; > 0 such that d(z,, v) < bA;. It follows from Lemma 1.4
that

H(F(T,),F(T,)) < bmax{4,1,}.
Now we discuss the Ulam-Hyers stability results.

Theorem 4.4 Let (X,d) be a b-metric space and T:X — CI(X).
Assume that all the hypotheses of Corollary 2.3 hold. Then we have

hs-: The fixed point inclusion (4.1) is {;* — generalized Ulam-Hyers
stable for i = 1,2, provided that for each x € F(T) there exists z € U such
that a(x,z) >1, where {,{,:Rt > R* defined by ¢ (t)=t—
b2y(t), {,(t) = t — btyp(t) are strictly increasing, onto and continuous at
t=0.

h,-: If E(T) # @, then the fixed point inclusion (4.1) is {7t —
generalized Ulam-Hyers stable for i = 3,4, provided that for x € E(T)
there exists z€ U such that a(x,z) >1,{3,{,: Rt > R* defined by
G(t) =t —DbyY(t),{,(t) =t —tyY(t) are strictly increasing, onto and
continuous at t = 0.

hs;-: (Estimate between the fixed point sets of two multivalued
mappings) If S: X — ClL(X) is such that for x € F(S) there exists z € F(T)
with a(x,z) > 1 and for x € F(T) there exists z € F(S) with a(x,z) > 1,
and H(S(x),T(x)) < A for all x € X, then H(F(S),F(T)) < mclzazc(i‘l(bzl)

where {; is same as in (hq) foreach i = 1,2.

hs-: (Estimate between the fixed point sets of two multivalued
mappings) If S: X — CL(X) is such that for x € F(S), there exists z € E(T)
with a(x,z) > 1 and for x € E(T) there exists z € F(S) with a(x,z) > 1,
and H(S(x),T(x)) <A for all x € X, then H(F(S),F(T)) < mgic(;l(bz)

where (; is same as in (hy) foreachi = 3,4.

hs-: (Well-posedness of the fixed point problem with respect to b-
metric d) If for any sequence {x,} in X, there exists a unique point
x* € E(T)such that a(x,,x*)>1 and lim,,,D(x, Tx,) =0, then
lim,;0d(x,, x*) = 0.
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he-: (Well-posedness of the fixed point problem with respect to
b-metric H) If for any sequence {x,} in X, there exists a unique point
x* € E(T) such that a(x,,x*) >1 and lim,_,H({x,}, Tx,) =0, then
lim,_100d(x,,x™) = 0.

hs-: (Limit shadowing property of the multivalued operators) If for
any sequence {x,} in X, there exists a unique point x* € E(T) with
a(x,,x*) > 1 and lim,_,,.D(x,, Tx,) = 0, then there exists a sequence
of successive approximations {y,} such that lim,,_, , .,d (xp, y,,) = 0.

Proof. (hy) From Corollary 2.3, T is an MWP operator and hence
F(T) is nonempty. If x* € F(T), then by given condition there exists a
y* €U such that a(x*,y*) > 1. The a, —admissibility of T gives that
a(Tx*,Ty*) > 1. Since y* € U, for any given € > 0, we have D(y*,Ty") <
¢. Note that

1
ED(x*,Tx*) =0 bd(x*,y").

Then

d(x*,y*) < bD(x*,Tx*) + bD(Tx",y*) = bD(Tx*,y")
b2(H(Tx",Ty") + D(Ty",y"))
b?(a(Tx*, Ty )H(Tx*, Ty*) + ¢)
d(x",y*) -

wa <P (o e e 1 aGrT Oy +)
1 d(x*,y")

"b(1+d(x*,x*) + D(y*, Ty*))

d(x*,y"

< b? (max 1,%}¢(d(x*,y*)) + e).

<
<

< b? (max

Jpaeeyy +e)

If max {1, 2520} = 1, then we have d(x",y") < b2($(d(x",y")) +&).
If ,(d(x"y") = d(x*,y*) — b2Y(d(x",y")), then from the above
inequality we get ¢;(d(x*,y*)) < b?c and hence d(x*,y*) < {;1(b%e).
Consequently, the fixed point inclusion (4.1) is ¢ — generalized Ulam-
Hyers stable, where & = ;1.

If max {1,‘1(’“;'3’*)} = d(";’y*), then d(x*,y*) > b. From (4.1) we obtain

that
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dix',y") < b2 (FEXp(dat,y)) +e)
< bA(r",y(A(x’,y7) + bZe
< ba(x",y p(d(x",y") + be.

Now if {,(d(x*,y*)) =d(x*,y*) —bd(x*, y)Y(d(x*,y*)), then from
the above inequality we get ¢,(d(x* y*)) < b%e and hence d(x*,y*) <
{;1(b%e). Consequently, the fixed point inclusion (4.1) is ¢ — generalized
Ulam-Hyers stable, where & = {1

(hy) Let E(T) # @, and x* € E(T) then

d(x",y") = D(Tx",y*") < b(H(Tx", Ty") + D(Ty",y")).

Following the arguments similar to those in the proof of (h,) the
result follows.

(h3) Let x* € F(S), then there exists a y* € F(T) such that a(x*,y*) >
1. By a, — admissibility of T we get a(Tx*,Ty") > 1. Note that

1
SDOLTY?) =0 < bd(x"y").
Then by the given assumption on T, we obtain that

d(x*,y*) < bD(x*,Sx™) + bD(Sx*,y")

= bD(Sx*,y*) < b?(H(Sx*,Tx*) + D(Tx*,y*))

< b2(H(Sx*, Tx*) + H(Tx*, Ty*)) < b2(A + H(Tx*,Ty*))
A+ a(Tx*, Ty")H(Tx*,Ty"))

2 d(X*ﬂy*) * *
b (A + max {1' b(1+6(x*,Tx*)+6(y*,Ty*))}lp(d(x 'y )))

d(x*,y*) * *
(/1 + max {1’ b(1+d(x*,x*)+D(y*,Ty*))} Yy )))
d(x*,y*) * *
(/1 + max {1’ b(1+d(x*,x*)+D(y*,Ty*))} Py )))
2+, y)).

VA
sy
N

N

N

2
2

b
b
b

VAN

If max{l,%} =1, and

G(d(x",y™) = d(x",y") — b2(p(d(x",y)),
then from the above inequality we get ¢; (d(x*,y*)) < b?A. Consequently,
for every x* € F(S), there exists a y* € F(T) such that d(x*,y") <
{71 (b%1). Similarly, it can be proved that for every y* € F(T), there exists
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a x* € F(T) such that d(x*,y*) < {{1(b?1). Hence by Lemma 1.4, we
obtain that
H(F(S), F(T)) < {7 (b*A).

If max{1,d(";y*)}=d(";y*>, then for ¢,(d(x*y") =d(x*y") —

bd(x*,y* )y (d(x*,y*)) we get
H(F(S),F(T)) < {31 (b%A).
Consequently,
H(F(S),F(T)) < magffl(bzl)-

=1,

(h4) This can be proved on the similar lines as in (h3) using the
definition of E(T).

(hs) If {x,,} is a sequence in X, there exists a unique x* € E(T) such
that a(x,,,x*) > 1 and lim,,_,, D (x,, Tx,) = 0. Then there exists u,, € Tx,
such that lim,,;D(x,, Tx,) =lim,,0d(x,,u,) =0. Since T is
a, —admissible, a(Tx,, Tx*) > 1. As %D(x*,Tx*) =0 < bd(x,,x*), by
given assumption we have

d(xp, x*) < b(D(xp, Txy) + D(Txy,, x*))

< b(D(x,, Txy) + H(Tx,, Tx™))

< b(D(xy, Txy) + a(Tx,, Tx*)H(Tx,, Tx™))

< b(D (xn, Txn)

d(xnx")
" b(1+D (xp,Txy)+D(x*Tx*))
< b(D (xn, Txn)

+max {1 }lp(d(xn,x*))>

d(xpx") *
tmax {1’ b(1+D(xn,Txn))} 1,[1(d (e, x D)

<b (D (xp, Txy) + max {1,‘1(x+'x*)}1,b(d(xn, x*))).

If max {1, dxnx’)

} = 1, then we have
d(xn, x*) — blp(d(xn'x*))) < bD (xy, Txp).

That is, {3(d(x,,x*)) < bD(xp, Txy,). Similarly, if maX{l,—d(xZ'x*)} -

22D \we get 7,(d(xn,x*)) < bD (xy, Txy). This implies for each i € {3,4)

we get d(x,,x*) < {71 (bD(x,, Txy)). On taking limit as n — +oo and
using the continuity of ¢; at 0, for each i € {3,4} we get the desired result.
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(he) follows from (hs) as D (x,, Tx,) < H({x,}, Txy,).

(h7) From (hs) it is clear that lim,_,d(x,, x*) = 0. Since x* € E(T),
so there exists a sequence of successive approximations defined by
yn = x* for all n such that lim,,, . ,d (X, ) = lim, 40 d(xp, x*) = 0.

Existence and stability of solutions of differential
inclusions

Let Cl.(R) be collection of nonempty closed and convex subsets of
R and F:R - Cl.(R) a lower semicontinuous multivalued mapping.
Consider the initial value problem

x'(t) € F(x(1)), fort €,
x(t) = xofort = ay, (4.8)
x €C()),

where | = [a4,a,] and C(J) is a Banach space of absolutely continuous
real valued functions defined on J. Since R with usual metric is
paracompact, F is a lower semicontinuous multivalued mapping with
F(u) closed and convex for each u € R, by Michael’s Theorem (Michael,
1956), there exists a continuous function f: R — R such that f(u) € F(u)
forallu € R.

Now consider the following initial value problem

x'(t) = f(x()),fort €],
x(t) = xofort = a4, (4.9)
x € C()).

Note that the solution of problem (4.9) is a solution of problem (4.8).
Integrating from a, to t, we obtain

t t

fx’(s)ds= ff(x(s))ds,

that is,

t
x(t) = xo + f f(x(s))ds,fort € ]. (4.10)
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On the other hand, if (4.10) holds then (4.9) holds. Thus (4.9) and
(4.10) are equivalent.
Suppose that f: R — Rsatisfies the following hypotheses:

f;lf(x(s))ds =0, for t € J if and only if x(t) = x,(¢t) forall t € J.

There exists a nonnegative real number L such that
Le(a; —ay) < biz, where b is b-metric constant and for all u,v € R, the
relation ||f (w) — f(W)Il < Lgllu(t) — v(t)|| holds.

Define T: X — X, where X:= C(J) by
t
T(x(t)) =x + f f(x(s))ds,fort €]. (4.11)

Let d: C(J) x C(J) —» R* be defined as
P _ 2
d(x,y)-—HQgJXIIx(t) y@®ll.
Then (C()),d) is complete b-metric space. Define a: C(J) x C(J) -
R* by

k forx # xy,y # Yo, wherek > 1,
0 otherwise.

a(x,y) ={

Let : R* - R* be defined as i (t): = L?(a, — a;)t. Clearly, i € ¥,.

First we show that mapping T is a,. —admissible. As a(x,y) > 1
implies that a(x,y) =k. For x #x, and y # x,, from (i;-) we have
Tx # xy and Ty # x, on J. It follows that a.(Tx,Ty) = k > 1 and hence T
is a, — admissible. Now, by (ix-) for all x,y € X,

2

t t
ar,7y) = max || | Fasnds = [ forsnds

< max f I f(x(s))ds = f(y(s))ds II?
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t

2 _ 2
< ngeajx f Ly Il x(s) —y(s) I ds

a;

t
2 _ 2
< Lfrgl&gﬂ]x j I’?Ea]X I x(s) —y(s) lI* ds

ai
t

= o ymax [ ds = (@, - a)d(ny) = p(dy))

a

By Corollary 2.3, we obtain the solution of problem (4.9) which
provides the solution of problem (4.8) as well. Define the mappings
{1,$2: R* > R* by

G1(6) = t —b2Li(az — a)t =t — b*P(t),
$,(t) = t = bL}(ay — ap)t* =t — bty (1),

where P(t) = L]%(a2 —ay)t. Clearly the mapping ¢, is strictly increasing
and onto. Consequently, all the axioms of Theorem 4.4 hold with
mapping {;. Hence the fixed point inclusion (4.8) is {;! — generalized

Ulam-Hyers stable. Now %(z(t) >0 if 1—- 2bL12c(a2 —a)t>0. As
bL%(a, —a;) <1, hence the fixed point inclusion (4.8) is
{31 — generalized Ulam-Hyers stable if t < %

Let F:JXxRx R - CI.(R) be a lower semicontinuous multivalued
mapping. Consider the initial value problem

x'(t) € F(t,x(t), x(t — h)), fort €],
x(t) = xyfort € [a; — h,a4], (4.12)
x €C()),

where h is a positive real number. Then there exists a selection f such
that f(s,u,v) € F(s,u,v) for all u,v€R and s€[a; —ha,], see
(Michael, 1956). Note that any solution of the problem

x'(t) = f(t,x(),x(t — h)),fort € ],
x(t) = xofort € a; — h,a4], (4.13)
x€C())

is a solution for problem (4.12). Further, (4.13) is equivalent to
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x(t) = xo + f;lf(s,x(s),x(s — h)ds, fort € J,
x(t) = xofort € a; — h,a4].

We suppose that f satisfies the following hypotheses:
f;lf(s,x(s),x(s —h))ds =0,fort € Jifand only if x = x, on J.
If (£, ug, v1) — f (& up, v)ll < Le(llug — uzll + llvg — v2lD),

for all uy, uy, v1, v, € R, where Le(a, —ag) < ﬁ and b is a metricconstant.
Define the operator T:Y — Y, where Y: = C[a; — h,a,] X R X R by

T(x(t) =

Xo + f f(s,x(s),x(s — h))ds, fort € ], (4.14)

x(t) = xyfort € a; — h,a4].

From the definition of a, the admissibility of T follows. Now by (i4-) for
all x,y € Y, we have

t t
d(Tx,Ty) = r?(gjx I f f(s,x(s),x(s —h))ds — j f(s,x(s),y(s — h))ds II?

¢
< rrtlgx f Il £(s,x(s),x(s —h))ds — f(s,x(s),y(s — h))ds |I?
ag ¢
< max f L7 1 x(s) = y(s) II* (2%)ds

ai

t
— 472 _ 2
_4Lfntléi]xf I x(s) —y(s) I ds
a

< 4Lf(az — a)P(d(x, ),

where Y(t) = 4LI%(a2 —ay)t. By Corollary 2.3, we obtain the solution of
problem (4.13) which is also being the selection is the solution for (4.12).
If ¢i(t) =t —4b%L}(a, — ay)t and {,(t) =t — 4bL%(ay — a;)t?, then the
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fixed point inclusion (4.12) is {;* — generalized Ulam-Hyers stable. Now
28,(t) >0 if 1—-8bL2(a, —a;)t > 0. As 4bL%(a; —ay) < 1, hence the
fixed point inclusion (4.12) is ¢;! — generalized Ulam-Hyers stable if
1
t<-.
2
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PELEHWA 1 YCTONYMBOCTb ONGOUPEHLMATIBHBIX
BKITFOYEHUW MO YNAMY-XAMEPCY, BKIMIOYAA
PA3HOBMOHOCTU MHOIO3HAYHbLIX OTOBPAXEHUI MO
CYO3YKN B b-METPUYECKNX NMPOCTPAHCTBAX

Mydxaxud A6ac®, bacum Ann®, Tanam Hasup®, He6otiwa M. [Oenosuy',
Bandap Bun-Moxcu®, CmosiH H. PageHosuy®

@ MpaBnUTENbCTBEHHLIN Konneax B Jlaxope - YHuBepcuTeT, kadeapa
matemaTuku, r. Jlaxop, Micnamckass Pecnybnuka MNakuctan;
MpeTopuiickuin yHBepcuTeT, kKadeapa MaTeMaTukm 1 NpuknagHomn
maTtemaTtukm, r. MNpeTtopus, KOxHo-AdpukaHckasa Pecnybnvka

® YHMBEpCUTET MEeHeIKMEHTa 1 TEXHOMOMWIA, kadeapa MaTeMaTyKy,
r. Jlaxop, icnamckass Pecnybnuka MNakuctaH

® YuusepcuteTr COMSATS B Ucnamabage, kadeapa matemaTuku,
Kamnyc B r. AGG6oTTaban, icnamckass Pecnybnuka MNakucTan;
YHuepcuteT KOxxHOM Adpukmn, kKadpeapa MaTeMaTUYECKNX Hayk,
Hay4Hbin kamnyc, r. MoxanHecbypr, KOxHo-AdpukaHckasi Pecrniybnuka

"Hosun-Capackuin yHusepenteT, CenbCKoX03ANCTBEHHbIN (akynbTeT,
[enapTameHT CenbCKOX035IMCTBEHHOTO MALLMHOCTPOEHWS,
r. Hoeu-Cap, Pecny6nuka Cepbus, koppecnoHaeHT

A Yuueepcutet nm. Kopons Cayga, Konnemx (manko-maTeMaTUHecknx Hayk,
kacegpa matemaTtuku, Ap-Pusia, Koponescteo CaygoBckas Apasus

© Benrpaackuii yHmsepeuTeT, MallMHOCTPOUTENbHBIN akynbTeT,
r. benrpag, Pecnybnuka Cepbus

PYBEPUKA TPHTW: 27.00.00 MATEMATUKA,;
27.25.17 MeTpuyeckas Teopusi pyHKLUN,
27.39.27 HenuHenHbI OYHKLMOHANbHbIA aHanmn3
BWO CTATbW: opuruHanbHas Hay4Has ctaTbs

Pe3some:

BeedeHue/uenb: B daHHOU cmambe rpedcmasrieHbl cognadeHusi u
obwue HernodsuUXHbIE MOYKU MHO203Ha4YHO20 OmobpaxkeHuUsi murna
Cyd3yKku 8 b-mempu4yeckux npocmpaHcmeax.

Memodbi: Obcyxdatomcs ripedesibHble c8olicmea, KOPPeKMmMHOCMb U
ycmou4ueocmb  peweHulizadaqyc  Hernod8UXHOU MOYKOU  makux
omobpasxkeHul o memoQdy Ynama-Xatiepca.

Pesynbmamel: [NonyyeHa 8epxHssi epaHuua paccmosiHusi Xaycoopgha
Mex0y  HernodBUXHbIMU  moOYKaMu  MHOXecms. B  kauyecmee
Ooka3zamersibcmea MoJly4eHHbIX Pe3ysibmamos, 8 cmambe npueedeHo
HECKOIIbKO puMepos.

Bbigodbl:  [NpumeHeHue rory4YyeHHbIX pesyribmamos OoKa3sbigaem
cyuwiecmeosaHue duggepeHyuanbHbIX 8KMIOYEHUU.

Knrouesbie crosa: b-mempuyeckue npocmpaHcmea, MHO203Ha4YHble
omobpaxeHusi, HernodsuwxHass moyka U 3adadyu, Ynam-Xaliepc
cmabusnbHoCmMb, HavyarnbHas 3adaya.
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PELLEHA N YNIAM-XMEPOBA CTABUNHOCT
ANOEPEHLINJATTHNX MHKINY3WJA, YKIbYYYJY RN CY3YKUJEBE
BPCTE BULWE3HAYHOI NMPECNUKABAHA HA b-METPUYKNM
MPOCTOPVMA

Myuyaxud Abac®, bacum Anv®, Tanam Hasup®, He6ojwa M. [enosuh’,
Bandap BuH-Moxcu?, CmojaH H. PapeHosuh”

@ BnaauH konew — YHusepauteT, Ofcek MaTemMaTuke,
JNlaxope, Ncnamcka Penybnuka MNakuctan;
YHusepsuteT y lNpeTopuju, Oacek 3a matemaTnky U MPUMEHEHY
matematuky, MNpeTopuja, JyxxHoadpuyka Penybnuka

® YHMBEP3WUTET 3a MEHaLIMEHT 1 TexHororujy, Oficek 3a MaTemaTuKy,
Jlaxope, Ncnamcka Peny6nuka MakucTaH

® Yuueepsuter COMSATS y Ucnamabapay, Oacek 3a matemaTuky,
Kamnyc Abotabapg, Vicnamcka Peny6nuvka MNakucTan;
YHuBepautet JykHe Adpuke, Oacek 3a maTemMaTuyke Hayke,
Hay4yHu kamnyc, JoxaHecOypr, JyxHoadpudka Penybnvka

"YHusepauteT y Hosom Cagy, MorbonpuepeaHu dakynrer,
[enaptmaH 3a nosrbonpuepeay TEXHUKY,
Hoeu Cag, Penybnuka Cpbuja, ayTop 3a npennucky

AYHueepauTeT kparba Cayaa, Koneu npupogHo-mateMaTuykux Hayka,
Opcek 3a matematuky, Pujaa, KpamsesnHa Cayawjcka Apabuja,

n YHuBepautet y beorpagy, MawuvHcku cdakynTeT,
Beorpag, Penybnuka Cpbuja

OBNACT: matematuka
BPCTA YJ1IAHKA: opurMHanHm Hay4Hu pag

Caxemak:

Yeod/uurb: Y paly cy npedcmasrbeHe KOUHUUOeHMHe U 3ajeOHuUYKe
¢ukcHe mauke Cy3ykujege 8pcme 8ulIe3Ha4YHO2 MpecriuKasara Ha
b-mempuykum npocmopuma.

Memode: AHanusupaHa cy epaHu4Ha ceojcmea, 0obpa nocmasrbLeHocm
u Ynam-Xueposa cmabunHocm pewera 3a (OUKCHU rpobrem
8UWE3HaYHUX rpecsiuKasarba.

Pesynmamu: [obujeHa je 2opra 2paHuua Xay3dopghogoe pacmojar-a
usmeRy cbukcHUX mavaka cKyrioea. HaeedeHu cy npumepu Koju
rodpxasajy dobujeHe pe3ynmame.

Bakrbyyak: lNMpumeHoMm ripedcmassbeHUX pesynmama ycmaHo8/beHa je
ea3ucmeHyuja dughbepeHyujanHe UHKITy3uje.

Krbque peuu: b-mempuyku npocmopu, sULIE3HaYHO rpecriukasar-e,

gukcHa mayka u npobaemu, Ynam-Xueposa cmabunHocm, novyemHu
npobriem.
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Abstract:

Introduction/purpose: The paper presents a designed procedure for
solving a class of nonlinear programming (NLP) tasks with the nonlinear
and differentiable objective function, linear natural constraints (intervals of
possible arguments values - variables) and the normalization condition for
arguments. The procedure was applied to determine the partial stability of
the solution of the problem of multi attibute decision-making (MADM).

Methods: The basis of the procedure is to define the nodes of argument
pairs and their parameters for the allowable multidimensional points. The
parameters are implemented in the gradient method, the favorable
directions method and the line search method. In the development of the
procedure, the basics of the TOPSIS method for MADM with interval-
given criteria weights were used, primarily due to the nonlinearity of the
reference function.

Results: The paper elaborates the procedure of determining extreme and
other admissible solutions of the reference function (boundary and basic
solutions) and all vertices of the convex set of the function definition. This
forms a complete graph of the function, i.e. the required solutions from the
allowable set can be determined. A procedure for determining a set of
solutions for defining a separating hyperplane of a set of function values
has been developed; in this way, as a specific case, a set of solutions of
partial stability of the variant is defined as MADM solutions. Adequate
procedures have been proposed to eliminate the degeneration of the
procedure (wedging and oscillation of the solution).

Conclusions: The most significant contribution of the paper is the definition
of the nodes of argument pairs and their parameters which ensure the
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normalization condition in each node and for each allowable point, non-
negativity of variables and independence of argument changes in nodes,
within active constraints. An original procedure for determining function
graphs has been developed. An appropriate real numerical example is
given.

Keywords: criteria weights, nodes of argument pairs, gradient method,
favorable direction method, system of basic solutions, multi attribute
decision-making, partial stability of solutions.

Introduction

Problems of nonlinear programming (NLP) with the nonlinear
objective function, linear natural constraints of arguments (intervals of
possible values of arguments) and the normalization condition for
arguments cannot be solved by applying classical NLP methods. The
normalization condition implies a constant sum and positive values of
arguments in each multidimensional point from the admissible convex set
of the function definitions. Relying on the knowledge and procedures
from the classical NLP methods (Petric, 1979), (Hadley, 1964),
(Zangville, 1969), (Bazaraa et al, 2006), (Luenberger & Ye, 2016),
developed for problems with or without limitations, the procedure
developed in this paper can be applied for the development of the
procedure for solving this class of NLP tasks. At the same time, the
necessary procedures based on the introduced concept of nodes of
arguments (or nodes of criterion) for the problem of multi attribute
decision-making (MADM) have been developed, thus transforming the
criterion function and constraints and creating a new NLP model based
on node parameters. The new model does not contain a singled out
normalization condition, because it is built into each feasible point
through the node parameters.

As the aim of the paper is conceived on two bases - to show a
possible procedure for solving this class of NLP tasks while including
consideration of partial stability of MADM solutions - a complex method
TOPSIS (Technique for Order Preference by Similarity to Ideal Solution)
was chosen as an example (Hwang & Yoon, 1981), (Yoon, 1987). The
chosen method is based on multiple distances of quantitative indicators
of quality of variants (values according to the established criteria - criteria
values from the best and most unfavorable existing ("perceived") criteria
values. The method was chosen solely because of the nonlinearity of the
reference function, since in most other methods this function is linear
(VIKOR, MABAC, COPRAS, AHP), and not because of preference over
some other methods. The above procedure can also be applied to these,
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as well as other methods with a continuous reference function. The
function of partial stability of one variant in relation to the another one
represents a set of weight points for which the difference of the reference
TOPSIS values of these variants is positive. Feasible weight points are
given to components whose values are within a certain interval, which
can be the result of determining the value of weights using group
methods, combining multiple methods, incomplete or unreliable
information, uncertainty of decision makers and the like.

By applying the TOPSIS method, a reference nonlinear objective
function is obtained, the constraints of the variables are linear, and their
values must meet the normalization condition, which limits the application
of standard NLP methods for conditional optimization. Based on the
constraints and possible changes in the values of the weight components
(variables), the nodes of the pairs of criteria (arguments) are formed.
They ensure the normalization condition, non-negativity of variables and
independence of weight changes in one node from changes in other
nodes, under active constraints. The Cauchy gradient method of the
fastest fall (growth) (Vujici¢ et al, 1980, pp.89-92) and the line search
method, adapted to the conditional optimization and characteristics of the
nodes of the pairs of criteria, were applied as a basis for the proposed
procedure for solving the NLP problem. The first part of the paper defines
the function of similarity of a variant to an ideal solution, the nodes of
criteria pairs and their characteristics for one variant, and also presents
the procedure for determining the extremum of a function (exact and
approximate solutions). The way of solving a possible occurrence of
degeneration of the procedure (wedging or oscillation of the solution in
the "vicinity" of the boundary of the set of feasible solutions) is also
shown. In the second part of the paper, the partial stability of one variant
in relation to the other ones is defined and the already performed
parameter relations for one variant are applied to the partial stability
function. Based on the introduced system of basic solutions for the
required value of the reference TOPSIS function (separating the
hyperplane of the values set of the function), a set of solutions was
determined for which one variant is better in relation to the other selected
variant. The paper does not explicitly deal with the analysis of the
influence of criteria weights on the values of quantitative indicators of
variant quality, but with the procedure of determining weight points from
the set of admissible points, for which the stability of one variant in
relation to the other one from the set of available variants can be
determined. As an illustration of the procedure, a corresponding real
numerical example is given.
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The objective function (the similarity function of the
variant to the ideal solution)

An_MADM problem: There are m variants V,;i=Lme| available
and each of them is described with n attributes that are used as criteria
K;:J=LneJ in the decision-making process: the MADM problem is

defined as a requirement to determine the variant v ,; pel that is best
according to all criteria K ;, as well as a ranking list of all variants. In the
decision matrix C ={cj;i =1,m; j =1,_n} (cije R are criteria values), the
criteria are associated with numerical values of weights w;je(01) with
the normalization condition Z}ifwj =1 and the operators - min/max
criteria: Lj=-1 (min)or |;=+1 (max).

The TOPSIS method: It is based on compromise decision making
and Lp metrics (Hwang & Yoon, 1981), (Zeleny, 1982), (Yoon, 1987) and
can be displayed in several steps, when determining:

- Normalized criteria values:

a) aijzcij/,/ 7'y, forza |j=+1 (maximum),
b) ay =cl/ySiT el cf=ci+ci—cy) for Lj=-1 (minimum), (1)

where c’} are the best and ¢; are the most unfavorable criteria

("perceived" ideal and anti-ideal)’, when all criteria become
maximizing(L;=+1).
- Distances of Lp metrics for p=12,0 according to the normalized
values of the "perceived" ideal V" =(a)=max;{a;}) and the anti-ideal
V™ =(aj=minj{a;}:

a) t*p,i = Lp(V* ;Vi) = [Z}jW?(a*J — ajj )p ]l/p )

b) thi=Lp(V 5Vi)= [Z}wajp(aij -aj)’ 1Y7, p=12,0. (2)
- Unified distances of variants from ideals and anti-ideals:

1 . . . . . . . .
It is possible to apply linear normalization a =(Cij_cjf)/(cj_clf) which increases the range
of normalized criteria values 0<g;<1. The decision maker can determine both the

absolute best (desirable) and the worst (undesirable or critical) values of the criteria
functions that are outside the perceived best and worst criterion values, thus forming a
secondary ideal and anti-ideal.
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= 2p X p,tpis i =2p 2, thi(i); P=12,0; (3)
where y i 2,7, =1 are the coefficients of the linear combination in

the system of three metrics (t;,t,,t,), which represent the relative
reliability of the function t, for the dimension y (e.g. yis the number of
criteria, variants, class, rankings, etc.) (Yoon, 1987, pp.283-284) or are

chosen depending on the nature of the problem i.e. on what is required: a
greater overall benefit (p=1), geometric proximity to the ideal (p=2) or

smaller individual maximum deviations of the criteria values (p=x)
(Opricovic, 1986, pp.45-48).
- |deal similarity vector S ={s;} - similarity (closeness) of the variant Vv

to the ideal solution Vv~ with elements (ideal similarity coefficients):

si=ti/(ti +17); 0<si<L. (4)
- Rank of variants according to the criterion:
R(i)=maxi{si}- (5)

The coefficient of similarity of ideal (4) is a quantitative indicator of the
quality of the variant \/; at the same time according to all criteria and in

relation to the ideal and the anti-ideal (or the degree of "goodness" of the
variant). For s >05 (when i t;>t;) the variant v; has a greater
influence on the variant and the variant is considered to be under the
"control" of the ideal (the opposite is also true for t; <t; the anti-ideal).

The similarity function of the variant to the ideal (similarity function)
(4), for the constant criterion values ¢;eR (1) and one variant V;

(hereinafter the index "i" is implied), can be represented as a real
function of n variables - weight w; € (0;1) foreach jeJ:

s(w)=s;(w); w={w;e(0)}; Xw;=1 forieli jel, (6)
where Z}j{‘wjzl is the normalization condition. For the solved MADM
problem, the weight components w are given in the intervals
w=(w;)e[w;.wi]l, where wj are the lower limits and w§ the upper

limits of the interval of the values of the weight components (some
components can be specified as discrete values). Interval weight
estimates can be obtained in the process of group decision making on
weights, when applying several objective methods of determining
weights, as a consequence of incomplete information or uncertainty of
decision-makers and the like. A set of initial weights is formed for each
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criterion w; and the lower wj" and upper limit values w5" are

separated. The starting point of the weight w’" =(w{") has components

wiP<wiP<wj® that can be the arithmetic means of several obtained

weights (either modal or medial values) or at will chosen weight and for

which it is generally ¥ !17'wS” #1. By normalizing these values, the basic

point of weights w’=(w})e[w}.w$] and X]=w}=1 is obtained, with
the limit weights wf and w} whose sums are Z}Z{‘wfd and
Z}jfw?>1. According to the basic point of weights w’=(w}) and
expressions (1-5), a basic TOPSIS solution of the MADM problem
(W’sp=s,(w")) is obtained or a variant Vv, pel for
sp(W")=max{si(w’);i=Lm}.

The function definition set s(w) is a compact (closed and bounded)

and convex set of points we E = g", such that ECF cR". A set F is
an n-dimensional set bounded by 2n hyperplanes, W? and W?, and
w=(w;)e[w).w’] is an n-dimensional point. The point weF , with the
components ;>0 for each jeJ, not connected by the normalization

condition Z}i{‘w(} =1, is the vertex of the set F only if each component

has a value of w;=w} or w;=w} . The vertex of the set F must contain
n components: p components W?A >0 for j,eJ,cJ and g components
w5, >0 for jpely <, sothat 0<p<n, 0<qg<n, p+q=n, JyuJg=J,
and J,nJg=9; the total number of vertices is 2" (variations with

repetition). Since itis >; wj, +2;, W?B #1 in the general case and due to

A VY]

the normalization condition Z}waj =1, the set EgE does not contain

vertices, and thus not all points of boundaries (edges) and sides of the
set F.

A point V_VGE\ E is a boundary point of a set EcR" only if there is
w;=w; or w;=w’ for at least one jeJ, and an inner point weE -

only if there is W?<W,— <W? for every jeJ, where E is the interior of
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the set E. Each vertex of the set E contains n components: p
components W?A , § components W?B (wherein 0<p<n-1, 0<q<n-1

and p+gq=n-1)anda yw, component:

we =1-(X), Wi, + X5, wi, ), we<wr <wr (7)
which is a condition for some combinations of the values W’j*A and W?B to
form the vertex of the set E. As it is we<(1=3 wh -2 wh ) <wh,
condition (7) in the general case cannot be fulfilled for all 2(") possible
combinations of the values w] and w} .

A set of function values s(w) is a set §={SE [s™;sM]}c R limited
with the values of the function for extreme solutions: minimum
(w"s"=s(w")) and  maximum  (wWM;s"=s(wM)).  Mapping

s:E—>S (R"— R) is a surjection: there is at least one point V_VEE for
which there is s(w)=C €S and for each point weE there is only one
value s(w)=CeS: (Vs(w)eS) (BweE); (vweE) (Fs(w)=CeS). The
set of all solutions forms the graph of the function
Fe={(w;s)eR™|weE,s=s(w)eS}.

The extremes of the function s(w) are obtained as solutions of the

NLP problem with a nonlinear objective function, 2n linear constraints,
the normalization condition and positive values of the variables:

(min/ max) s(w);

j=n

wizwis wiswts 2w =1; w;>0; j=1n. (8)
The function s(w) on a convex set E is continuous and twice

differentiable, but it is not possible to unambiguously determine the

convexity or concavity of the function on the whole set E. Fora special
case and for a constant value s(w)=C, function (4) can be written as

C=t/({+t) or Ct —(1-C)t =0. Hence the assertion (Yoon, 1987,
p.280) that a function s(w) is convex for the subsets of points V_VEEQE
in which it is s(w)>0.5, and concave for subsets of points
We E,=E\E, in which it is s(w)<0.5. Therefore, each local extremum
is also a global extremum, that is, a function has extreme solutions at the
boundary of the set E, which are unique in terms of the values of the
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function and arguments. The convex function (s(w)>0.5) has a
maximum, and the concave (s(w) < 0.5) has a minimum at the vertex of
the set E (Marti¢, 1978, pp.144-145) and these are exact extreme
solutions that meet the optimality criterion. The minimum convex and
maximum concave functions are at the boundary of the set (they can also
be the vertices of the set E ), and if they are not the vertices of the set
E, then they are determined as approximate extreme solutions

(incorrect, acceptable) according to the predefined criteria for function
values and/or arguments according to real (exact) extreme solutions.

Nodes of the pairs of arguments (criteria)

Defining the nodes of the pairs of arguments (criteria) and their basic
parameters is the most important phase of the presented method of
solving the NLP problem. Nodes are formed for one variant \/;, and each

pair of criteria r,teJ;r=t and one point w*. In a narrower sense, the

node of the pair (two) of criteria (r,t) is the node of two different
?
qualitatively new set of parameters arising from the mutual relations of
characteristics (parameters) of current components W‘; and W{‘.

The transition from the initial to a new solution is done by changing
the starting point w* to a new point of weights w"**, where k =012...., is

components i for j=r,t of one point of weight ﬂk : it represents a

the mark of the iterative solution. The basic parameters of the point ﬂ"

are:
Active constraints of the criteria dfk and d?" (possible changes in

weight components) at the point w* for the intervals [w},wj]:
dif=wj-wj20; df=wj-wj20; dP=df*+d}*=wi-wf, eI, (9)
where d?kzois the largest possible decrease, d?kzo is the largest

possible increase in weight W‘}, and df

B>0 is the size of the interval
[w"w’]. The values d}* and d{*>0 and their sums ¥!Z7df* and
Y745 can be related by any sign (<, =,>).

The vector of change (increment) is the weight V_k : when changing

the point w* to the point w***, the new point "' =w*+\*, where the
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Vv =(\¥) vector of change (increment) is the weight. The values v can
be #0 or =0, which is why non-negative values are introduced
Vi v =0 (v#*>0reduction and v§* >0 increase weight w/ ):

a) vi*=-vj20, vi“c[0.d[“]; za v{<O0;

b) v¥=v4>0, V*<[0,d%],za v{>0. (10)
The values of the weight components at the new point w*** are”:

k K k Kk k Kk
wit = wi v = wi v v (11)

where for each component w/ (11) at least one of the values v{* or v

is equal to 0.
The gradient of function: from the development of function (6) into
Taylor's polynomial of the first degree:

s(W) =s(w*) + V(W)W ™ = w ) + Ri=s(w )+ o(w )+ R, (12)
and for the value of the remainder R,~0, the auxiliary function

o =o(w") is equal to:
(W) =Vs(w ) (W = w) = Vs(w ) (v —v™); (13)
where Vs(ﬂk)={as(ﬂk)/aw‘}}j:rn the gradient of the function s(w) is at

the point ﬂ" Approximate values of the gradient components

g‘}:gj(@)zas(ﬁ)/awﬁ can be calculated by the method of double
increment of variables (Milovanovi¢ & Stanimirovi¢, 2002, p.114):

g =[s(w**)-s(w*)1/25; 6>0; jeJ, (14)
where points w/** =(wf, W+, ,wk) and M=(W§<,"',W‘}—5,“-,Wﬁ),

and & >0 the increment is small (e.g. §=10"° or less).

Node parameters

For the transition from the point w* to the point w*** and with the
normalization condition Z}wa'} =1, it is necessary to change the weights

of at least two criteria r,t e J that form a node (r,t) with a unique value

2 The index k =01.2,..., indicates the quantities in the point ﬂk (eg: s*, &, d?k, d?r,t)’

g';, g(kr,t)) and the quantities that "come out" of it (eg: V’}, VJAk, 260y T{m)).
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of weight changes v/}, =viy,>0 and the direction of changes: v/(;, is the
reduction of the weight w}, and v{;, is the increase of the weight w; .

The components r,t € J of the point Wk+1 are equal to:

k+1 . k+1
Wit =wE vt wE

_Wt+Vt(r); Vr(t) Vr(t)ZO rteld, (15)
while the other components are unchanged W'“l— W,— , jed\{rt}. Aset
of nodes is formed for a known solution

e ={(rt)|rted,r«t} (16)
with n(n—-1) elements in total. The basic characteristics of the nodes
are:

Active constraints of nodes dfrl):d(m(ﬁ) depend on a possible

decrease in the r-component and on an increase of the t-component
weight in nodes (9) (available resources):

) {min(df‘k;df’k)zo; (rt)e®

O™ 0; r=t, [(rit)eo] ’ (17)

where the matrix D =(dfm)nxn for ritel.

Variables z(,.,: variables z(,;,,>0 are introduced, whose values

show the change of the weight components in the nodes, whereby a
square matrix Z*=(z{ ) is formed, with the following elements:

a) Z(rt){<d(rt)20 (r)ee
=0; r=t, [(rt)g0]
b) Z(rt) Vr(t) Vt(r)ZO (18)
Since Vr(t) =vt(,), the values of the variables ZF,I) >0 are conditional
and compensatory values of the weight changes in the node (r,t), and
their summation in the nodes (r,t)e® gives the total increase y* or

k

decrease y* of each weight component:

Ak Ak t=n_ Ak =n_k Ak
a) JZI'—)V :Vr(1)+ +Vr(n) t_{]Vr(t) Zt:gz(rt)gdr '
r=n_ Bk Bk
b) J—t—>Vt —Vt(l)Jr +Vt(n)_z_1vt(r)_ r_1Z(rt)—dt )
k k
) YV -T vk = (19)
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The normalization condition is provided in each node and does not
need to be considered further. The condition from the starting point of

weights Y1-'w)=1 (11) is also contained in the point w' because of

(19¢): TIw =X 12w) + ZIZVE - 319v4% =1. The normalization condition

is transformed into > 177v® - Y15y =0 or ¥ I9¥=0 and is contained in

each node (r,t) and for each point ﬂkeE in any iteration k=0.12,...,.

Gradient function in the node gfm : the increment of the value of the
auxiliary function (13) for the node (r,t)is:

otry=(5(w )/ Ok )-vige)~(B(w )/ Owk) Vi) - (20)

By changing g as(v\f)/awk for gr and gt (14) and z{,1,=Vvi{,= Vi) =0
(19a, b) expression (20) becomes:

o 2fr0)) * 2 (O ~05) = Zheay Iiray> ey = 9 2e)) (21)

where g(kmz g(”)(ﬂk) is the approximate value of the gradient function

component s(w) in the node (r,t)e®“. The values grm for all nodes

(r,t) form a square antisymmetric matrix (;.k:(gfm)nxn with the
elements:

9 -9 (rt)ep
(Ch { 0 r=t, [(r)ee"]’ 2

where gfm)z—g(kt’r). The approximate total change in the value of the

function s(ﬂ") for all nodes (r,t)e @, according to (21), is equal to:
o(Z2") =20 0(Z ) 2y (rt)e@. (23)
Possible changes in the function values by the nodes T}‘m are

derived values based on the values of the elements of the matrix DX (18)
and G (22). A matrix 7% =(z{,;))ma is formed, with the elements:

k Kk . k : k
k _{g(r’t)dmio' 2 G0 LAl (heet @)

T(I’,I)_ ; k _ . Kk _
0; za g(m_o ili dm,_o
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of which there may be at most n (n-1) elements T}‘m # 0. This defines the
basic characteristics of the nodes (r,t): d}(m, g:‘m) and z—}(m and the

variables z(,,, shown in Table 1.

Active nodes

The characteristic Té‘mio, as a derived quantity, is the most

significant indicator of the possibility of changing the value of the function
in the node (r,t) for the current point ﬂk Based on the values 1—{(”) =0,

the matrix T with the elements that are 0 or 7(,,,<0 and the matrix T%
with the elements that are 0 or T{‘m >0; this determines the subsets of
active nodes @ and @ at the point w*:

a) @ ={(r.t)|r(;y,<0}c O";

b) @ ={(r.t)| z(;1)>0}c O (25)

The active nodes in the point w* are the nodes (r,t)e ® U@, and

the active gradient components are only the components gl‘m #0 in the

active nodes (the nodes in which there are g(km) =0 and d(kmzo are not

active nodes). According to the influence on the value of the function
(increase or decrease), i.e. for determining the extreme of the function

(minimum, maximum), active nodes are the nodes (r,t)e@* for
decreasing the value or determining the minimum of the function and the
nodes (r,t)e @ for increasing the value or determining the maximum of
the function. Active gradient components are only the components

g;‘m) <0 (min) or g;‘m >0 (max) in the active nodes (T}‘miO). The sum
Z(r,t)lr(kr,tﬂ:Z(r,t)lg(kr,t)ldfr,t)zo for the node (r,t)e@* is the largest
possible decrease, and for the node (r,t)e@* the largest possible
increase of the value of the function s(w) is at the point ﬂk The value

rt )|T{‘m| can also be a criterion for accepting the achieved solution as
an approximate extreme solution and for interrupting the iterative
procedure if ¥ |z{inl<e, for (rit)e@ (min) or (rt)e@ (max),
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because the improvement of the function value in the next iteration
cannot be greater than the defined value ¢, (e.g. ¢, <5-107).

The formation of the nodes (r,t)e®" ensures that the normalization
condition ¥ /= =1 (or ¥}7\=0) is contained in each point MEE the
non-negativity of the variables z(kmzo and the independence of weight

changes in a particular node (r,t)e @ from changes in the other nodes,
with active limitations of criteria (18, 19).

Extreme solutions of the objective function (similarity
functions)

The extremes of the function s=s(w) (8) are determined by an
iterative procedure starting from some feasible solution (ﬂk; s) which, in
general, is not extreme. Improving the initial solution is possible only if
there is at least one node (r,t)e@" (25a) (decrease in the value s*) or
only if there is at least one node (r,t)e®@* (25b) (increase in the value
s“). According to expression (13), the current solution (w*;s") is
improved by increasing (decreasing) the value of the auxiliary function
o(z*) (13, 23), when the nodes taken into account are only the nodes
(r,t)e ®* in which weight changes contribute to the improvement of the
value of the auxiliary function o(z*).

The iterative procedure determines the boundary solutions
(WeE\E;s*) with the improved function s(w) values, i.e. the

boundary points (w*'=w")cE\E that will give an improved TOPSIS
solution (2-4), while active constraints allow it. At the end of the
procedure, a solution will be obtained at the point at the vertex of the set
E , which will be the exact extreme solution W_“:(W_mvw_'\")e E\E or
the initial solution for a further procedure and determination of the

approximate extreme solution. In both cases, there is a single iterative
procedure by which an admissible solution is obtained at the vertex of the

set E , from which no better solution can be obtained at any vertex of the
set E.
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Exact extreme solutions

For the initial solution (w";s*), usually k=0, it is convenient to form a

table similar to Table 1 which contains the values of the active
constraints dfk and d?k (9), the node characteristics (r,t) - the elements

of the matrices D* (17), G* (22) and T* (24) at the point w*, the partial
sums g?m and T{‘m dependent on the active nodes @* or @, the
space for writing variables ZFr,t) and their sums as the components of the
vector v = (V).

The extremes of the function s(w) (8) are determined as the
solutions of the NLP problem with restrictions on the weight changes in
the nodes z{,<d{ >0 (18) and according to the criteria
Yl <dM >0 and Y376 <dX=0 (19), that is, from the

condition that the points of extremes are admissible, and, at the same
time, the boundary points W lcE\E.

The mathematical model NLP (8) was transformed according to the
node parameters and a new model was formed containing the nonlinear
objective function (due to the multiple differentiability of the function s(w)

and the nonlinearity of the function g(zﬁrt))), n(n+1) linear constraints
(the normalization condition Z, w;=1 is contained in the nodes

parameters) and for n(n —1) variables zm) >0, with indices as in Table 1:

(min/ max) o(Z") =%, 1,902, ,) 211 »

26y S drny s n(n-1) constraints,
Zt 1Z(rt) > d v N Constralnts (26)
> ?z(rt <dt , h constraints,

z(”)_O (r,t)e®® (min)or (r,t)e @ (max).

The NLP task (8,26) is solved by applying an iterative procedure
based on the first-order gradient method or the Cauchy method of the
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fastest drop (growth) of the value of the function s(w)?® adapted for the
application of node parameters. The direction of the antigradient

—Vs(ﬂ") is also the direction of the fastest decrease in the value of the
function s(w) at the point ﬂk that is, it is the most favorable direction
from the point ﬂk for determining the minimum (Vuiji€i¢ et al, 1980, p.89);
the direction of the gradient Vs(ﬂk) is the most favorable direction for

determining the maximum.

Through the starting point ﬂk in addition to the most favorable
direction, countless other favorable directions can be drawn that will
contain the characteristics of one or more active nodes®. The aim is to

determine the point ﬂeg at which the TOPSIS value of the function

s“*! is better than the value s* in the chosen favorable direction and in

accordance with the limitations in model (26).
Solving problem (26) requires at least one known feasible solution

(ﬂk;sk) (basic TOPSIS solution (ﬂo;so) or any other feasible solution),

for which there is at least one node (r,t)e @ (minimum) or at least one
node (r,t)e®* (maximum) (25). Based on the values of all active
components of the gradient at the point ﬂk the most favorable direction
or the direction of the fastest fall (growth) of the objective function is set
through it. Active nodes are determined depending on the required
extreme: (r,t)e@* (min)or (r,t)e @ (max). The most n(n-1)/2 active
nodes are possible for each required extremum, that is, it is the largest
number of elements of the sets @* and @* for the inner point we E . In
the intersection of the most favorable direction and some, unknown in
advance, hyperplane of the set E - W? or W?, there is the boundary

point (W_"*zﬁ)eE\E:

W= = () = (v ) e )

% Based on the gradient method of the fastest fall, several procedures and their
modifications have been developed, which are not listed here, and some of them have
been treated in the cited literature.

* Other favorable directions are applied in eliminating the degeneration of the procedure
known as wedging and in determining the basic solutions for the required values of the
function s(w)=C (shown below).
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Table 1 — Parameters of the point Wk and the nodes (r, t) for the NLP model
Tabnuua 1 — lNapamempb MoYKu ﬂk u yanos (r, t) 0ns modenu HJIM

Tabena 1 — lNapamempu mayke Wk u ysopoesa (r,t) 3a moden HJIIM

j=t 1 n
Ak Bk Bk Bk
. r t 1 n sums*
JEr k k k k
g \ % 9 g,
Ak k
1 0 din
k k t=ny - K
) 0, 0 9 I=1|g(l,t)|
k k t=ny _k
T(rt) 0 T(1n) Zt:llf(l,t) |
k k t=n_k Ak
Z(ryt) 0 Z(1n) ZJZ(M) =Vi
Ak k
n dhny | - 0
k k t=n k
gn g(nj_) oo 0 I=l|g(n‘t)|
n
k k t=nj _k
T(rt) T(nl) 0 t=1|T(n,t)|
k k t=n_k Ak
Z(rt) Z(n1) 0 t=er]Z(n,t):Vn
—np K =n Kk
z::ﬂg(r,l)l z::ﬂg(r,n)l
—ny _K —ny _k k
sums* I:ﬁ?lf(r,l)l Lﬂf(r,n)l Z(r,t)|2'(r,t)|
=n_k Bk =n_k BK
z:=fZ(r,1):V1 :::rL]Z(r,n):Vn

*sums g:(r,t) and Tz(r,t) are determined in relation to (r,t)e @ or (r,t)e@"

Minimum problem: The direction of the fastest fall is the direction of
the antigradient —Vs(ﬂk), that is, the direction of the antigradient vector

in the active nodes for the point ﬂ" (the gradient vector is the sum of the
gradient vectors g?rvt)<0;(r,t)e@E of the active components); the

values of the variables zfm>0,(r,t)e@5 (18,19) have the same
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interrelationship (proportionality) as the values of the active components
of the gradient®:

Zz(r,t)=ﬂklgfr,t)|i(f,t)€@5, (28)

where ,uk >0, the unique coefficient (proportionality) of weight increment

for all active nodes, depends on the active constraints in the nodes
(d(r)>0) and the criteria (d{*>0 and % >0); it is necessary to

ensure, when passing the point ﬂkeE to the boundary point W_k*eE\ E:
a) that the point W (27) is a feasible point; b) that W is in the most

favorable direction; and, c¢) that the active constraints of the nodes and
the criteria are met to the maximum (to achieve the maximum possible

changes in the weight components V'} ). The values of the coefficient ,uk

are obtained on the basis of the following considerations:
1) Active constraints in the nodes Zé(r,t)f dfm >0,(r,t)e@" (18): for

the boundary case z{,=d{r)>0 and z() =&\ |0 = diryi(r)ed”,
where ff”)>0 is the node coefficient. The lowest value g;‘m>0 in all
nodes allows at least one resource d}‘m - active constraint to be fully
utilized and that d(;,,=0, based on which the coefficient of active nodes
is determined &> 0:

2 & - dfrof19 > 05(r) <ot

o (r)e e

b) &= mingr{&(rry > 0i(r ) €64} (29)

2) Active constraints of arguments (criteria) Y177(;,<d?“>0 and
Sz y<d¥>0 for (j=r;j=t)ed (19ab): to move to the point
W_k*eE\E at least one of the active constraints to the criteria, which

have a positive value d}“>0 or ¢% >0 at the point w*, should be fully

®> In the following text, for a simpler presentation, the components of the gradient
g?m <0;(rt)e @ and gfm) >0;(r,t)e @ are replaced by | g?m) |>0 for(r,t)e@"

(min) or (r,t)e @ (max).
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utilized and there should be =0 or ¢§“=0 at least for one j=J
The weight components for one criterion (27) are v =y% —y/*, where in
the final outcome y#“=0 or y}=0. The change of the component !

depends on partial changes in the row and column of the same index
j=r=t in the matrix G*: changes in the row j=r are

Ak

Sz =V k t_1|g(”)>0 and in the column j=t they are

Z{‘z}‘m:vjk:y/j [Zr;1|gm)|>0, where y/lj. >0 is the coefficient of
proportionality for the Jjth-criterion. It follows that
V= t//,[Zr_llg(,,)I > Ig(k,-,t)l], where the sums in the parentheses [.]
can be connected by any sign (<, =,>), when three cases are possible: a)
Vi <0vi*, followed by v =—ka and \*=0; b) v/ >0, followed by / =y5*
and ka:O; and, c) v- —v- =Vj &=0. For boundary cases, when
V?kzd?k>0 or kazd?k>0, the coefficients of the criteria (gyj) and the
coefficient of all criteria (z//k ) are obtained:

d?k/(zfﬂg(:,,t)|—z:={‘|g(“k,,,.)|)>0: for ztzﬂg(kk,-,t)|>z:z£|g(kkr,,-)|:
k = = . = = .
a) y'=1d3 /(2 "|g(,,)|—zt f19(;,0>0: for X1° IV =5 i T AN F
—>oo; for Tl g oS gl )l (Hi)(it)eok;
b) " =min;{y'>0;jed}. (30)
The transition from the point ﬂkeE, which can be a boundary or an
inner point, to the boundary point W_k*eE\ E in the direction of the
fastest fall, is realized for the value of the unique coefficient:
1 =min{ & >0;p* >0}, for @, (31)
where the values & and y* can be associated with any sign

(<,=,>). Expressions (27-31) are key to determining exact extreme
solutions using active node parameters.

In the further procedure, the values of the variables z{ﬂ’t)zo are

aIcuIated (28) as well as the values of the weight increments
= 12(“)_0 (the sum z(m in the rows of the matrix z*) and

=> 12(r jy= 0 (the sum Z(rt) in the columns of the matrix z*) (19),
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together with the components of the point weight w*" (27), and then the

TOPSIS solution (w"';s'")(2-4) is determined.

Maximum problem: Expressions (27-31) and (2-4) are used to
determine the solution (w";s""), so that the nodes (r.t) e @ (25a) are

replaced by the nodes (r,t)e @ (25b), and the matrices T - by the

matrices T .
Optimality solution: In the continuation of the examination procedure,
the obtained solution (w";s"") is obtained according to two criteria:

- basic criterion:

a) s <s* (min); b) s >s" (max); (32)
- optimality criterion:

a) rf:,t)=g(k:,t)d5:,t>20? for every (r,t)e®< (min), or

b) TE‘:,t)Zg?:,t)dl((:,t)So? for every (r,t)e @ (max), (33)
when three cases can occur:

1) criterion (32) is met and criterion (33) is not met: the obtained
solution is not extreme, but it is the initial solution (w"";s"")=(w*"*;s"*)
for the (k+1) iteration, when the node parameters in Table 1 are
calculated and the procedure is repeated (27-33); the procedure is

repeated until solutions are obtained according to cases 2 or 3;
2) criteria (32) and (33) are met: the exact extreme solution was

reached at the vertex of the set E ;
3) criteria (32) and (33) are not met: the solutions (w*;s*) and

(W_k*;sk*) are the initial solutions for the procedure of determining the

approximate extreme solution (the case when (32) is not fulfilled, and
when it is fulfilled, (33) is impossible).

For the starting inner point of the weights w*°e E, the number of
active nodes (r,t)e@® and (r,t)e@®@’ is equal to n(n—-1)/2. If there is

an exact extreme solution (w";s™) or (w";s") (33) and, during the

procedure, in each iteration, &*>y*>0 and 4=y * (31), and there is

no degeneration - oscillation, then the solution is achieved after the
iteration k=n-1. After each k=12,--- iteration, the number of active
nodes decreases and is equal to (n—k)(n—k-1)/2. At the end of the

procedure and after iterations, there is only one active node, and at the
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point W_"* after k=n-1 iterations, there are no active nodes: @“=9

(min) or @* =@ (max). From the beginning of the procedure in each
subsequent iteration, the value of the possible total weight change
Z(,Vt)|rf”)| in the active nodes decreases; for the exact extreme solution

is Z(r,t)|ré<:,t)|=0 and there is no possibility of further improvement of the

function value. The number of iterations increases if oscillation or
wedging (discussed below) appear “near” the hyperplane wf or wj .

Approximate extreme solutions

Determining approximate extreme solutions is necessary in the case

when the extreme solution is not at the vertex of the set E and when
criteria (32) and (33) are not met. One of possible solutions is the line
search procedure®, adjusted to node parameters, where the number of
iterations should be as small as possible. The absence of an exact
extreme solution is manifested in the iteration by which it would be
obtained, when there is only one active node and when the value of the

function s is not better than the value s*. Instead of X, lz(r) =0,
new active nodes appear that did not exist previously’; this means that
on the direction [E,W_k*] there is a value of the function that is better
than s* and s (it does not have to be an extreme value, because it can
be located at the point w which is not on the current direction). First, the
known segment of the direction [ﬂk,w_k*] is examined, and if a solution

® Inaccurate linear search methods are widely discussed in the literature for nonlinear
unconditional optimization problems (Zangvill, 1973; Bazaraa, et al., 2006; Luenberger &
Ye, 2016) and they can also be applied to constraint problems or their adjustment is
required. Although the procedures are known, due to the specific characteristics of the
nodes, the whole procedure is given here.

" If, from the solution (W s, which is not better than the solution (\*;s), the already

described procedure is continued by choosing the most favorable direction (27-31), due to
the change of the gradient sign in previously active nodes, they will become inactive, and
new active nodes will appear that did not exist at the beginning of the procedure - for the
initial solution (Wsk)- For the obtained new solution, the value of the function may be
even better than the value ¢, but criterion (33) will not be met; then, a new solution is
obtained from this solution, etc., until after several iterations, the solution (W) is

obtained again, when the procedure begins to "circle" over the already obtained solutions.
There does not have to be a solution (*;s*) among these solutions.
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that meets the set criteria is not found on it, then, by applying the
procedure based on the direction of the fastest fall (growth), a new
search segment is determined.

The segment of the direction [ﬂk,w_k*] is divided into several equal

parts (subsegments): [ﬂkswk"*,w_“zwk":”k] , where 1=012,...n is the

mark of the points on the segment of the direction, and n*>4 is both the

number of equal search steps and the number of equal subsegments
(integer) which provides search for a sufficient number of points for
smaller subsegments. The following points are generated on a segment

of the direction [M,M] .

W =w g VG for 1=12,n -1 (34)
where " €(0;1/4) is the constant size of the weight change step in each
of n“>4 equal steps in total; expression (34) is a linear combination of
the points w*® and w*™: W' =(1—1 )W+ 1 g*w' ™" .

The criteria for accepting the approximate solution (w*';s*') as an

extreme solution and for stopping the iterative procedure are defined
here in relation to the values of the function and the values of the
arguments (criteria weights) for three consecutive iterative solutions:

- basic criterion:

a) Sk,I—1>Sk,I <Sk,l+l; (min),

b) sk,I—1<Sk,I >Sk,l+1; (max); (35)
- argument value criterion:

max; {Iw" —wi'  IwS = wh < e (36)
- function value criterion:

max{|s"' = s ;] s = s* [} < g (37)

where 1=12,...n" -1, and ¢,,g, >0 are the parameters of small values.

The number of steps n* and the size of the steps ¢* are determined
depending on the selected parameter ¢, (36):

n“>(max {l| W‘}'”k — W[}/ ew) +3 (n"- the first major integer); ~ (38)
o =Yn. & <(0:1/4). (39)
whereby criterion (36) is met. The increments of the weight components
(«*V%) are constant, and, with n“>4, it is ensured that at least three
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points w*'

are determined on each segment [M,ﬂ] and the value
of the limit parameter is achieved:
gh=max {wi" - wi’}/n )< g, . (40)
The choice of parameter values ¢, and g, can be based on the

sensitivity of the value of the function to changes in the value of
arguments in the extremum environment. Although the criteria for
stopping the optimization process can be based on the norms of the

arguments  [|lw* - w*|l/llwll<g, and the function values

IS(WM)—SM)I/S(E) < ¢, in two consecutive iterations, for the current

NLP problem, the parallel application of criteria (36,37) in three iterations
is favorable. Criterion (36) limits the largest individual weight changes
via the parameter ., (40), so that the largest weight increment is

max; a“V§ = ey, < &, - The sensitivity of the value of a function (of), as a

criterion for the selection of parameters ¢, and g, can be defined as

the ratio of changes in the value of the function and the maximum
change of individual weights, i.e. as the ratio of the realized parameters

ek <g, and g for a certain subsegment: of=c*/£X . Numerical results
for TOPSIS solutions show greater sensitivity of argument values
(weight) than function values, because it is of=¢"/c <1 or <k,
which should focus on the choice of the parameter¢,. The parameters
gw and g, can also be determined depending on the required accuracy

of the values of arguments and functions: in order to round the values of
weights and the function of the target to four exact decimal digits, it is

enough to set ¢,=5-10", which ensures gk<5-107°.
In the set of solutions (w*',s*';1=12,..,n,—1), there does not have

to be a solution for which ¢! <s*® (min) or §*'>¢*° (max), because
such a solution can also be in the first subsegment [w*%w*'™].

Therefore, for the sake of generality of the procedure, a point ﬁ is

determined on the segment [M,Wk’“k] in which the function has the

value:
a) s“*=min{s*; 1=12,...a-la,a+1..n“~1} (min),
b) s*=max {s*; 1=12,...a-1a,a+1,..,n-1} (max). (41)
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There is an improved solution on the subsegment [w"®™%;w ] :

according to the selected ¢, and for n*>4 which provides at least four

new intervals, determine the required parameters (38-40), search the
subsegment and determine the TOPSIS solution according to the criteria
(35,37).

The disadvantage of the procedure based on fulfilling criterion (36) is

a large number of generated W_k' points on the segment [M,W"v“k] ,

especially for larger interval widths, when the values of the ! function
and other required quantities need to be calculated for several hundred
generated w*' points.

For the solved MADM problem procedure will satisfy criteria (35-37),
knowing that due to the nonlinearity of the function gradient in the nodes

a( z}‘m)) and the appearance of new active nodes, the exact solution will

be outside the direction [w;w']. For the sake of generality of the

procedure and reduction of error according to criteria (36,37), a two-
phase procedure can be applied: a) linear search and determination of

the best solution in the segment [ﬂk;W_k*] , it can also be the solution
[w*=w""s""]; and, b) determining a new segment between the
obtained solution and the solution on the hyperplanes w{ or wj . If the
point \/\f_+1 is where the best solution is achieved on the segment
[ﬂ";w_k*] , a new direction of the fastest fall (growth) is set through it and

a point w“"" is determined. On the new segment [w*";w**"], the

value of the function is calculated at the newly generated points, etc. The
two-phase procedure is repeated until criteria (35,37) are met. In general,
an approximately extreme solution was obtained in two steps with a
smaller error, but the procedure is much longer.

Procedure degenerations: wedging and oscillation

The presented procedure for determining a point on one hyperplane
requires that in each iteration at least one component of weight W'},

which is different from the limit values WJA<W'}<W‘J-3, have a value
wi =wj} or wi =w} atthe new point W and is in the direction of the
fastest fall (growth). These requirements cannot be met if wedging
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occurs: starting from some k-th iteration and a point ﬂk that can be an
inner or boundary point, through all subsequent iterations, the points
"accumulate" "near" the hyperplane W? or WjB and some expected
boundary point W_k* which cannot be reached in a finite number of

iterations. The expected point W_"* cannot be an extreme point, because

wedging does not appear in the iteration in which the extreme solution is
obtained; this iteration is preceded by only one active node, and for the
occurrence of wedging there must be two or more active nodes, which
facilitates the elimination of the problem. The possibility of wedging
cannot be established at the initial stage of the proceedings.

Wedging occurs (but not necessarily) when the coefficient of active

nodes cfk (29) is smaller than the coefficient of all criteria y/k (30):
yk:§k<1//k (31). As a consequence, none of the active constraints
under criteria (19a, b) that had a positive value d4“>0 or ¥ >0 in the
point w", will be fully utilized to achieve that (4" =0 or ¢%" =0 for at
least one j=J. Through several iterations, the unique coefficient

1= <y (31) decreases and 1/ — 0, due to successive reduction

§k=§?m>0. In each subsequent iteration, the values of the weight

changes per node z}‘m =yk|g(krt)| decrease as well as the increment of

the value of the objective function. When the process enters wedging, the
number and indices of active nodes do not change, so that all the
components of the direction vector that were active at the starting point

W< exist.

The 1= & <y* disorder can disappear by the algorithm: if in some

subsequent iteration in the second node (p,q) §k=§fpvq)<§(km) and

k k . . . Kk
$(pq)2 W, are achieved, then the most favorable direction towards &/

will be chosen, and the active node (r,t) will have no effect or will
become an inactive node.

Unlike some possible ways to solve the problem of wedging, e.g. ¢ -
approximation (Zangville, 1969) for the current problem of NLP and
based on relative independence of active nodes, a procedure based on
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changing the direction can be applied: a new direction is chosen from a
set of favorable directions which exclude individual active nodes. In any

iteration after the occurrence of wedging, at the obtained point ﬂk close

to the expected boundary point W_k* a new and less favorable direction is
selected based on the characteristics of all active nodes except the node
(r, 1) which is the cause of wedging and is found to be 4‘=¢(,,,. By

setting g(kmzo for that node (current iteration only), the node (r,t) is

excluded from the set of active nodes (25) and the new direction is
selected in accordance with the characteristics of the remaining active
nodes using expression (29-31). This does not disturb the procedure,

because a favorable direction is chosen, but after obtaining a new

boundary point W_k* the current value g?:i);to must be returned to the

procedure for the node (r,t), so that the node (r,t) can become an
active node again if it satisfies conditions (25), when again the most
favorable direction is chosen (29-31). There is a possibility that in several
consecutive iterations the selected favorable directions must be changed
and the number of active nodes successively reduced, until at some step

it is obtained that it is =y < £>0, when the procedure continues by
determining the (W_k*;Sk*) solution, and the omitted nodes return to the

procedure.

As the extreme solution does not depend on the initial solution or on
the secondary solutions that are a consequence of choosing one of the
favorable directions (based on the characteristics of all or only some
active nodes), it gives the possibility to simplify the problem of wedging

by: always when 1= ¢&" =& <y", setthe g =0 for the node (r,t)
and select another favorable direction, and in the (k+7) iteration, include

the calculated value of g(k:i)io in the procedure of selecting the most

favorable direction. This prevents the occurrence of wedging, that is,
automates its removal, and the whole procedure is extended by several
iterations at the most.

A special form of degeneration can be described as an oscillation of

the value of the w* component in the vicinity of a hyperplane. For
example: in the k-th iteration for the r-th component of the point ﬂk the

value w"=w" is reached. In the normal course of the procedure, the
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already reached values on the hyperplane W?‘ or W? do not change until

the end of the procedure, which is not the case with oscillations: instead

of wh=wi"=w}, the W™ >w” value close to w; is obtained in the (k+1)

iteration, while for some other component the boundary value w**=w"
or Wt“l:WtB is reached. In one of the following iterations, the value of
Wf is reached again for the r-th component, but wedging can also occur.

The oscillation can also be repeated on the same hyperplane, when the

wit— w2 differences also decrease. Apart from increasing the number

of iterations, the oscillations do not affect the final solution, and the
wedging is removed in the described way.

Partial stability of solutions

The stability of the MADM solution — the variant \/ ,|(w;s,(w)); pel
is defined in relation to all other variants V j|(w;s,(w);qel\{p} and
represents the set of points WeE, cE for which it is
sp(W)>sq(w);pel;qgel\{p}.

The partial stability of the solution \/ ,|(W;s,(W)) is determined in
relation to one of the other variants V. ;qel\{p}: The solution
V ,l(w;s,(w)) is stable in relation to the solution V ,|(w;s,(w)) for all
points We E ,, < E for which the function of partial stability is:

hpg(W)=s5,(W)—s,(W)>0; p,gel,p=q, (42)
that is, if it is sp(v_v)/sq(v_v)>1. For srg>sg" , the solution (w;s,(w)) is
stable in relation to the solution (w;s,(w)) at each point weE (Figure
E) arEtherefore the determination of partial stability makes sense only if
SpNS,# W, ie, if s) >sqAsh<sy (Figure 1: b,cde). The function
h, (W) is concave or convex, continuous and differentiable on the

convex set E, and the local extreme is also the global extreme.
The set of values of the function is S ,,={h,,€[hp;hpltc®R for

p,gel and p=q orthe line segment hrgq;h'g'q.
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The extremes of the function h,(w) follow from the function

k+1
pq

degree (12): hi'=(sk—sk)+ o, Where s§-si=C. The auxiliary

development hpq(ﬁ)zh into the Taylor's polynomial of the first

function of (;';q, according to (13,21), is equal to:

k _ k k Kk _ k ko .
000 =2y (Fperey ™ Yoery) 20ty = ety G pgerny Z0rty» (H) €@ (43)

| |
| m - 0 M |
! — Sp Sp Sp Sp !
| aeSe . . |
m 0 - M
@ S¢ Sqg Sq Sqg |
: be ° |
o |
| c ° |
: d e——0—o |
o o |
| € 1Si
0 1

Figure 1 — Possible relations of the set of function values s;(w) of two variants

Puc. 1 — Bo3MOXxHble OMHOWEHUs1 MHOXecms 3HayeHull pyHkuul s;( W) dsyx

eapuaHmos
Cnuka 1 — Moayhu odHocu ckyrnosa epedHocmu gyHkuuja s;(W) Ose eapujaHme

The values of the function gradient components h,(w) in the
nodes (r,t)e® are:
k k .
Oprny = Gaery (M)€O"
0; r=t, [(r,t)e®"]

and the elements are antisymmetric matrices
G (W)=GY, =(g':)qm))nxn . To determine the extremes, it is sufficient to

(44)

k
gpq(r,t)

determine the points of weight w in which the nonlinear auxiliary function
opq(W) (43) has extreme values, and then the corresponding TOPSIS

solutions. Starting from an admissible solution (let that be the solution at
the starting point (M;h%q)), by applying the presented procedure for

determining the extremum of the function s;(w) (27-41) and by
calculating the values g';q(m (22, 44), d7, df¢ and df, (9, 17) in
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each iteration, the extreme solutions of (w";hj; <0) and (w";hp,>0)

are obtained.

The separating hyperplane of the value set of the function h,, =cR
is defined by any value® of the h=CR|h"<C®<h" function and divides

the value set of the function §={he[h”‘;hM I}<R into two subsets:
S ={h|h"<h<CR}cS and §*={h|h" >h>CR}cS, where §-US*=S
and ;m S* =@ . An acceptable approximate value of the function in the
vicinity of the separating hyperplane of h=CR is:

he=Ce[C "+ ¢c]; k=012..., (45)

where ¢. is a low value parameter (e.g. ¢.=5-10" or less). The
procedure for determining the set of solutions on the separating
hyperplane of (w;h®=C) has several phases, where it is determined:
the set of 2n boundary solutions and their extremes; basic boundary
solutions for h®=C (if any) or basic solutions that are closest to the

current hyperplane Wf or W‘f; and, a set of solutions for 1 =C on the
set E_CQE. Accordingly, the partial stability of the variant Vv, with
respect to V, is achieved for all points of V_VEE with the corresponding

(w;(h>0)eS™)) solutions.

Boundary solutions

Boundary solutions are a set of solutions on one hyperplane of the
set E (w} or w}). On the hyperplane w/, these are (w**;h**) solutions
for the points w*=(wi*,--.w} =w}.-.wj*) (due to unambiguous

indexing, additional A=1neJ marks are introduced). If condition (7) is
met, then there is at least one boundary point with the component

al _ A
W, =W, -
Based on the relative independence of the variables z?ﬂ'j)zo (18)

and the built-in normalization condition (19) in each node, the w?*

% In the following text, the "pq” indices were used only if it was necessary due to
unambiguity.
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component is determined on the basis of any starting point v_mE - let
that be the point w°: the choice of variables z¢, ;y<d{;;,>0 eliminates
the active constraint of the A -criterion d4°>0— d7*=0 and achieves the
required condition: > 1770, ;) =d:°;(4,j)e@’. Nodes (1,j) and the
corresponding variables z¢, ;,<d(,;,>0 (the 2 row of the matrix T°)
can be chosen at will until the specified condition is met, or preference
can be given to a node in which z{,;,=d{,;,=max;{d(,;,}; if it is
fulfilled that 20, ;,=d%°, then also w*=w}, otherwise the procedure

should be continued by selecting a next node from the A4 row of the
matrix T° and by adding the necessary difference, until it is fulfilled that

j=n_0 A0
Z}:{]Z(i,j)zdl :

A
h N hM """""""" al kM P WM
. W _ WM L ‘ Wb)“’M
W
all -0 Wb/l,l
1 0
w" | e ba,2
' al2 0
h=c®__| w Citec
_|EiEE e N E— = C1C bi.C
tﬂ*\\\' \ el P W
(== N v =i -
al.km alC -
= at,2m
L w__! w bim
| i
m | m
h . w" W,
' ‘ A
A alk al2 0 B
Wi Wy Wj W, W3z

Figure 2 — Overview of the procedure for determining the basic solutions on hyperplanes
Puc. 2 — 0630p npouyedypsbi onpedeneHusi 6a308bix peweHuUl Ha 2uneprnioCKoCmsx
Cnuka 2 — [lpuka3 nocmyrka odpefusara OCHOBHUX peulera Ha xuneppasHuma

Practically, in all rows of the matrix G° except in the 1 row,
g?jly”:o; jeJ;jle J\{A} should be set and in the active nodes (4, ])

the values of 20, ;,<d(,;,>0 should be determined until the condition
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YI320,5,=d4° is fulfilled. By applying expression (2-4) for the point
w* =w**, the TOPSIS solution (w**;h*") is obtained. In the same

way, the solution of (w***;h***) on the hyperplane w} was obtained by
eliminating the active constraint d2°>0— g% =0 based on the choice of
the variable z{;,<d{;,>0 from which the ¥ !7'70;,,=d5" (the 2
column of the matrix T°) was obtained.

Extreme solutions on the hyperplanes Wf and W? (extreme
boundary solutions) are the exact solutions at the vertex of the set E

and are determined by applying the presented method for the extremes
of the function s(w). The starting point is the obtained solutions on the

hyperplanes: e.g. for the hyperplane Wf-\, the initial solution is

(W% h***); the component w3**=w’ retains its value, which requires

that the nodes that affect its value must become inactive.

From the starting point w***, the most favorable direction is chosen
in accordance with the characteristics of the active nodes (the set @' for
the minimum or the set @' for the maximum) that are not in the A row

. . 1 1
and the A column of the matrix T': set 925)=9(;.,=0 for all nodes (r.9

in the row of 4 and the column of A, and the further procedure for
determining the extremes (w**™;h*™)(min) and (w*™;h**™)(max) is

identical to the procedure shown for determining the exact extreme
solutions of the function s(w) (27-31). The interval of the value of the
function [h**™;h**™] on the hyperplane w’ cannot be greater than the
interval of the extremum of the function h(w): KM —p*M<p™ —p™,

Figure 2. In the same way, the extreme solutions on the hyperplane w5

are determined. Extreme boundary solutions (maximum 4n solutions),
among which are the extreme solutions h(w) of the function, are unique

in terms of the corresponding points w and the values of the function
h(w). Not all extreme points (w**™ and w*™ ) are linearly independent;

by eliminating the linearly dependent points, a set of points w' is

obtained which are the vertices of the set E .
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System of basic solutions for the separating hyperplane

h=CR

A system of basic solutions (SBS¢) is established for the value of the
function h=C, which contains 2n basic solutions: n solutions
(W*<;h*€=C) and n solutions (w**“;h™<=C). These are the basic

boundary solutions for the point w*©

alC

if w¥*C=w; (or w*¢ for
bhA,C

wy ¢ =wi) or the basic non-boundary solutions that are closest to the

2C b C B.
b >W/1 or w; ™ <w;:

a) On the hyperplane w5 (or w?%), there is an edge solution
(w;h*=CR) (Figure 2, hyperplane w} ) because itis h>"<CR<h**M

current hyperplane w; or w§ with w3

and it is determined by repeatedly halving the segment [M;M]
until it is achieved that it is Kh*©=C. The segment [w**";w""]

halved for the point w”?=05w>"+05w"" a5 well. The TOPSIS
solution, in general, has the value h®*?=C: in the next iteration, the
segment of the interval in which h=C® ([w”*";w"*’] or [w"**w”*"])

is halved and the TOPSIS value is calculated, etc. The procedure is
interrupted when p™*=c*e[CR+¢.] is obtained in the k-th iteration
and that solution is accepted as the basic boundary solution
[w**©;h*€1; for a larger number of iterations, a smaller absolute error

£ 4R - h™C|< ¢c was obtained.
b) On the hyperplane w; (or w%), there is no solution
(w*;h* =CR) because C"¢[h*";h**"]. To achieve the h=C value,

the point W"’1 cannot have a value of w3 =w?, but a value of w% > w5 .

These solutions are not boundary based on w3 =}, but are closest to
the hyperplane /; (basic non-boundary solutions). The position of C*
can be C?<h*™ (as in Figure 2) or CR>h*M. For the situation in
Figure 2, in order to determine the w3 >w; component, the point
wit? > w4 is first determined by iterative halving of the segment between
two known points at which there is a solution with h=C" until the value

h**=C is reached: for h**">CR+¢. value p*2=C"® it is on the
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segment [w";w*™], and for h*Y<CR-g., on the segment

alM al,2

;w" 1. From the point w*?, for the constant value w3*? (in the

[w*™

row of 2 and the column of 2 the matrix G?, set gu’j): g(M):O) and

al, 2m

determine the minimum (w**";h***™). If the obtained solution does not

satisfy condition (45) and if it is h**?™<CR— ¢, by repeatedly halving

the new segment [w**™;w*"], a new point w** and a minimum

(W™ h**"<C® - gc) are obtained, etc. The procedure ends when the

solution (w**'";h***"=C)=(w*"“;h*“=C) is obtained in the k-th

iteration, from which it is not possible to further move the point Wa’l m

towards the hyperplane wﬁ provided that h=C, which determines the
basic non-boundary solution (w**";h*'"=C)=(w*;h*°) (based on
other weight components w;;jeJ\{1}, these solutions can also be
boundary)®.

On the hyperplane w;, if h*™<CR-g., the procedure for

ail M.

determining the solution is similar: the segment [w*"™;w" M1 is

a4kM - the non-boundary

considered; the relevant points are W and w*™
solutlon is (Wal kM . ha/l,kM :C)E(Wa/l,c. a/IC).
The presented procedure yields n solutions (w*“;h*<) and n

solutions (w”*“;h™°) that make up the SBSc for the value of the

function h=CR+ ¢ . Due to the components 4 of the points w*< and
W€, the points of solution w in SBSc are mutually linearly
independent.

A set of solutions for the separating hyperplane h=CR: From SBS¢
linear combinations of the weight points w*¢ and w"*€, countless new

® In the numerical example, the solution (w"*;h"*®=0) is the basic non-boundary

solution because (w5*=0.1681)< (w?=0.1830) although y’*<E\E is a boundary
point due to wP* = w{ = 0.0990 .
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weight points can be obtained based both on them and on the solutions
with h=C:

WP =YW + DAY ST+ S =L (el (46)
where all coefficients ﬂj.‘,,b’t} >0 are not equal to 0, and can be selected
according to different criteria. Due to the nonlinearity of the h(W_ab)

function, by using the points w" and W_M and/or other known points, a

ab,C.

satisfactory solution ( h®<) can be determined by the line search in

the vicinity of the point w* .

The procedure completely defines the set of all solutions of the
function h(w) (graph of the function): based on the most 4n extreme
boundary solutions (whose points w are not linearly independent), a set
of linearly independent points w' is singled out, which are also all

vertices of the set E . Other TOPSIS solutions can be determined on the
basis of linear combinations of points on the vertices of the set E . For
each criterion jeJ and any value w;e[w}.w’], weight points can be
determined for which the function h,,(w) has a maximum and minimum

value, as well as points w for all values of the function from that interval.

If some values of the weight point components are set to a
predetermined and allowable value (maximum n-2 values), it is possible
to determine the solution for the required value of h,(w)=C based on

the parameters of the remaining active nodes. By combining multiple
SBSc solutions for different C”e[h},;hi,] values, solutions with a
range of h,,€[C';C3] values and stricter criteria for weight component

values can be determined.

Numerical example
By applying the TOPSIS method to the MADM problem given by the
initial matrix C:{cij; i=15, j=16}, for the weight point W_° and the

coefficients of the linear combination % ,s=(0.5717; 0.2647; 0.1636) for
p=12,0, the basic solution was obtained: the variant Vv,
(w’;s3=0.6209) and the rank \V,~V3-V5s-V, -V, (1-5) (Table 2).
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Table 2 — Criteria Matrix, basic solution and extreme solutions
Tabnuua 2 — Mampuua KpumepuasnbHbIx 3Ha4eHul, 6a308bie peweHue u
aKcmpemaribHble pelweHust
Tabena 2 — Mampuua KpumepujyMckux 8pedHOCMU, OCHOBHO pelleHe U eKcmpemMHa
pelwera

- criteria S.(V\f) s(w")
/ Ki(+) | Ka(=) [Ka(+)|Ka(=) [Ks(+) | Ke(=) (rank)
Vl 415 85 1112 60 1.42 11.9 0.4348 (4) 0.4107 0.4645

Vo | 432 94 970 35 1.71 15.2 0.6209 (1) | 0.5846 0.6518
405 7 1015 | 55 1.88 14.6 0.6058 (2) | 0.5812 0.6366
V4| 352 62 1055 | 54 1.06 13.8 0.3522 (5) | 0.3248 0.3838
Vs | 328 78 1045 | 38 1.43 17.5 0.4997 (3) | 0.4717 0.5214

Si(ﬂ)

variants
<
w

>

w” 0099 |0.132 | 0.237 | 0.147 | 0.208 | 0.088

wP | 0134 | 0161|0273 | 0.183 | 0241 | 0.105 | St Offunctionvalues si(w)
0

w® | 0112 0.144 | 0.258 | 0.167 | 0.223 | 0.096 i 'V, | in i

|

df° |0013]0.012 |0.021|0.020 | 0.015 | 0.008 | | ! o
BO :—4' Vs | _rV3 :

d?’ 0022 | 0.017 | 0.015 | 0.016 |0.018| 0.009 | | [ | Si
d?® |0.0350.029|0036|0036|0033| 0017 |03 04 05 06 07

Table 2 provides data for the weight range limits Wf and W?, the

initial active limits d4° and d%° (9) for k =0, and the extreme values of

si(w™) and si(ﬂ). Based on the characteristics of the formed nodes
(Table 1), exact extreme solutions were obtained at the vertices of the

set E (27-31, 2-4) when the optimality criterion (33) was met, regardless
of the convexity or concavity of the function. The variant v/, is slightly

better than the variant \/;, but in the conditions of interval given weights,
the ratio of their extreme values is (s =0.6518)>(sT=0.5812) and
(s5=0.5846)< (s =0.6366), which shows that the sets of values of

functions partially overlap and require testing the stability of solution
V,|(w;s,(w)) in relation to the solution \/5|(w;ss(W)).

The solution Vv, is stable with respect to v, for
hos(W)=s,(W)-s3(w)>0. For the function h(w) (42), extreme

solutions are determined (which are on the vertices of the set E, in
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accordance with (7)), where, except for the component ;, all other
components w;j have values of one of the limits of the weight interval,

Table 3. The set of yaues of the function s
S23=1{h,3€[-0.0298; 0.05571}, in the point w" the largest difference of
TOPSIS values of the variants Vv, and V; (hys(w")=0.0557) jg

achieved, while in the point w" the variant Vs is "better" than the variant
V. (hzyg(W_m)=—0.0298).

Table 3 — Extreme solutions of the function h, ,(w)
Tabnuya 3 — SkcmpemarbHble peweHust yHKUUU h, 5(W)

Tabena 3 — EkcmpeMHa pewetrba QyHKuUje h, 3(W)

Wy WH w3 wi | owd | owl [sa(W)|ss(w)|has(w)
0.0990 | 0.1610 | 0.2640 | 0.1470 | 0.2410 | 0.0880 | 0.6009 | 0.6307 |-0.0298

3

0.1340 | 0.1320 | 0.2550 | 0.1830 | 0.2080 | 0.0880 | 0.6425 | 0.5868 | 0.0557

5|

For each hyperplane w{=wj" and w?=w}", boundary solutions

and extreme boundary solutions (4n=24 solutions) are determined,
whereby the individual extreme boundary solutions are identical to each
other or identical to the extreme solutions of the function h(w). On the

segments [w*™w*M] and [w*";w*"], the basic boundary

solutions for the separating hyperplane :CE[CR+5C] (45) and for

the reference value of the function CR=0 (if any) are determined, or the
basic non-boundary solutions are determined. In order to determine only
solutions with positive values of the function h >0, due to partial stability

and S*={h|h">h>CR=0}cS, a modified expression (45) was

applied: hC:Ce[CR +ecl-

The obtained basic solutions are also boundary solutions based on the
current hyperplane because w3*® = w4 or w2*°=w?, except for the solution
for the point Wb40 which is not a boundary solution based on the hyperplane

wi  because w»C=w? (non-boundary basic solution) and

wit?=0.1681< w5 =0.1830 . In general, according to the definition of the
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0

boundary solution, the solution w"*° is a boundary solution based on gther

hyperplanes, because Wi'°=wi;=0990 gng w'®=w;=0.1610 (Table
4)".

Table 4 — System of basic solutions for the separating hyperplane h(w) =0
Tabnuya 4 — Cucmema 6a3o8bix peweHull 0ns pasdeneHus auneprnockocmet h(w) =0
Tabena 4 — Cucmem 0CHOBHUX pelletba 3a xurneppasaH paszdeajarba h(w) =0

W 1,0 b1,0 2,0 b2,0 3,0 b3,0 4.0 b4,0 50 b5,0 6,0 b6,0
W W T wAT W T w T W wAt e  w T w T  w w

0.0990 | 0.1340 | 0.1075 | 0.1106 | 0.1175 | 0.1053 | 0.1300 | 0.0990 | 0.1140 | 0.1073 | 0.1117 | 0.1116

0.1495| 0.1532| 0.1320 | 0.1610 [ 0.1511 | 0.1503 | 0.1353 | 0.1610 | 0.1527 | 0.1489 | 0.1505 | 0.1505

0.2681 | 0.2418 | 0.2699 | 0.2509 | 0.2370 | 0.2730 | 0.2719 | 0.2482 | 0.2679 | 0.2528 | 0.2607 | 0.2438

0.1613 0.1567 | 0.1532 | 0.1644 | 0.1593 | 0.1603 | 0.1470 | 0.1681 | 0.1573 | 0.1620 | 0.1600 | 0.1600

Q| N[N |[=

0.22510.2263 | 0.2353 | 0.2250 | 0.2301 | 0.2232 | 0.2127 | 0.2404 | 0.2080 | 0.2410 | 0.2291 | 0.2291

6 0.0971 0.0880 | 0.1021 | 0.0880 | 0.1050 | 0.0880 | 0.1031 | 0.0881 | 0.1002 | 0.0880 | 0.0880 | 0.1050

h( W) 0.00002|0.00001|0.00004(0.00000{0.00003{0.00001{0.00003|0.00003|0.00004|0.00004(0.00000|0.00004

S2=S3|0.6091|0.6188 | 0.6238 | 0.6089 | 0.6174 | 0.6092 | 0.6139 | 0.6122 | 0.6007 | 0.6222 | 0.6150 | 0.6153

It is shown that the function h(w) between the points of the weight
of the basic solutions is concave or convex: between the points ' and

W™ the function is convex, and between the points w??° and yw"%° the

function is concave. Due to the values of the 1 weight components (w3*
and w5"), all points of the basic solutions w*° gng w™*° are linearly

independent and their linear combinations give innumerable new weight
points in the environment of the separating hyperplane. By applying

expression (46) for ,6'"}‘ = ﬂt} =1/2n=1/12, the solution is obtained:
w* =(0.1123; 0.1497; 0.2572; 0.1591; 0.2266; 0.0951);

hgs(w™®)=0.0003< ¢ =0.00005 and s,(W™)=s5(w*)=0.6139. The
solution does not need to be corrected in accordance with other known

" For £c=5-10"° and the calculation of one basic boundary solution for which wh=wy
or w§ =y} about twenty iterations were required, and for the non-edge solution w -

aboult forty iterations.
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points, for example in accordance with the extremes of the function or the
boundary extreme solutions, because h,;(w*)<gc and the solution

(Wab;hg?a) can be accepted in accordance with condition (45). The

fulfilled condition (45) can also be a consequence of the concavity or
convexity of the function on the segments between the points of the basic
solutions.

Table 5 — Vertices of the set E B
Tabnuya 5 — BepwuHbl MHOoXecmea E
Tabena 5 — Bpxosu ckyna E

w Wy W, W3 Wy Ws Ws | h(w")
wt | 0.0990 | 0.1610 | 0.2640 | 0.1470 | 0.2410 | 0.0880 | -0.0298
w? | 0.0990 | 0.1610 | 0.2470 | 0.1470 | 0.2410 | 0.1050 | -0.0294
w® | 0.0990 | 0.1610 | 0.2730 | 0.1470 | 0.2320 | 0.0880 | -0.0283
w* | 0.1090 | 0.1610 | 0.2370 | 0.1470 | 0.2410 | 0.1050 | -0.0269
w® | 0.1060 | 0.1610 | 0.2730 | 0.1470 | 0.2080 | 0.1050 | -0.0216
w® | 0.1340 | 0.1610 | 0.2370 | 0.1470 | 0.2330 | 0.0880 | -0.0194
w’ | 01020 | 0.1320 | 0.2730 | 0.1470 | 0.2410 | 0.1050 | -0.0111
w® | 0.1340 | 0.1320 | 0.2730 | 0.1470 | 0.2090 | 0.1050 | 0.0040
w® | 0.0990 | 0.1610 | 0.2370 | 0.1830 | 0.2303 | 0.0897 | 0.0207
w | 0.1230 | 0.1610 | 0.2370 | 0.1830 | 0.2080 | 0.0880 | 0.0337
w' | 0.1190 | 0.1320 | 0.2370 | 0.1830 | 0.2410 | 0.0880 | 0.0416
w2 | 0.0990 | 0.1320 | 0.2730 | 0.1830 | 0.2080 | 0.1050 | 0.0467
w® | 0.1160 | 0.1320 | 0.2730 | 0.1830 | 0.2080 | 0.0880 | 0.0512
w | 0.1340 | 0.1320 | 0.2370 | 0.1830 | 0.2090 | 0.1050 | 0.0550
w® | 0.1340 | 0.1320 | 0.2380 | 0.1830 | 0.2080 | 0.1050 | 0.0554
w'® | 0.1340 | 0.1320 | 0.2550 | 0.1830 | 0.2080 | 0.0880 | 0.0557

Some of the weight components do not have to be given intervally
but as discrete values (maximum n-2 components), which also enables
the determination of a set of solutions for a certain value of the function
and the definition of the separating hyperplane. For example, if the

weight point is w=(w;) with the components szw‘} for j=123 and

the components w; e [w}.w;] for j=456 (according to Table 2), and
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the required value is h,;(W)=0.0500 (to ensure a significant “advantage”

of the variant \/, over V,), althhough h,;(w)<hj;=0.0557, such a

solution does not exit because the maximum possible value of the
function for these conditions is equal to h,,(w)=0.0421. For a smaller

value, for example for h,;(w)=0.0400, there is a set of basic boundary

solutions, and linear combinations of points of difficulty of these solutions
determine other solutions that meet condition (45). One of these

solutions is: W_ab:(O.1120; 0.1440; 0.2580; 0.1828; 0.2132; 0.0900);
haa(w™) = 0.0400 ; s,(w™)=0.6278 and s;(w™)=0.5878.
From the set of points w for the extreme boundary solutions (\w**™,

W WM and wP*M), which are not all linearly independent, linearly

independent points ﬂv are singled out and all vertices of the set E are
determined by them (16 vertices of the set MEE are obtained, Table 5).

This completely describes the set of definitions of the function E , which
with TOPSIS values of the function, represents a complete graph of the

function 7, ={(w; h2’3)eER7|V_VeE,h2’3(V_V)eS_2’3}. Knowledge of function

graphs enables determination of sets of solutions complying with specific
requirements in accordance with the stated limitations, which exceeds
the goal and scope of this work.

Conclusion

The initial idea of developing a concept for testing the stability of the
solution of the MADM problem (best variant and the corresponding
quantitative indicator of the quality of the variant according to the chosen
MADM method) in relation to other solutions (variants) and variable
criteria weights was operationalized only through the examination of
partial stability in relation to some other solution - one variant. The
problem of determining the set of solutions of partial stability is set as a
problem of NLP with the aim of finding feasible solutions that meet the
conditions from the definition of partial stability. The TOPSIS method with
parameters and interval-given criteria weights was considered as a basis,
which defined the reference function as nonlinear and differentiable, in
the presence of a normalization condition for arguments (weight
components).
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The created NLP model contains a nonlinear objective function,
linear constraints based on the nature of the arguments (values: from -
to) and the normalization condition for the arguments. An appropriate
method was not known for solving the set NLP task, and therefore an
attempt was made to solve the problem by introducing the nodes of
argument (criteria) pairs and by defining their parameters. This ensures
the normalization condition in each node and for each feasible point, non-
negativity of variables and independence of variables in nodes, within the
limits of active constraints. Node parameters were applied to determine
the extremes of the function, the extremes on the hyperplanes of the set
of arguments and other feasible solutions needed to determine the partial
stability of the MADM solution, as well as to eliminate the consequences
of accompanying degeneration (wedging and oscillation of the solution).

The presented procedure for determining the extremes of a given
NLP problem differs from the basic gradient method in applying nodes
parameters, choosing favorable directions, determining improved
solutions, as well as in the procedure of linear search for the point of
difficulty for an improved TOPSIS solution. The well-known and applied
line search procedure can be replaced by another, for example, the
"golden ratio" procedure, if this would contribute to the reduction of the
procedure.

The procedure can be applied to other MADM methods with a
nonlinear reference function, as well as to the class of NLP problems with
conditional optimization, in which the mathematical model contains a
nonlinear and on the whole set of arguments differentiable objective
function, natural linear constraints and the normalization condition for
variables. The procedure is robust and requires a larger number of
calculations, so adequate software support would increase the
possibilities of application.
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YACTUYHASA YCTONYMBOCTb MHOTOATPUBYTUBHOIO
MPUHATUA PELLEHUA NO MHTEPBANbHO 3A0AHHOMY BECY
KPUTEPUA - MPOBNEMA HENIMHEMHOIO
MPOrPAMMMPOBAHWA

Padomup P. [xyku4
He3aBUCUMbIN nccnepoBaTtenb, I. Kpywesau, Pecny6nuka Cepbusi

PYBEPUKA TPHTW: 27.00.00 MATEMATUKA,;
27.47.19 UccnepoBaHue onepaumi
BWO CTATbW: opurmHanbHasa HayyYHas ctatbsl

Pe3some:

BeedeHue/yens: B cmambe npedcmaenieHa paspabomarHas rnpouyedypa
0ns1 peweHuUs Kriacca 3aday HernuHelHoe2o npoepammuposaHusi (HIIM) ¢
HenuHedHoU u OugbgpepeHyupyemol uenegol ¢hyHKyuel, MuUHeUHbIMU
€CmeCcmeeHHbIMU  O2paHUYeHUsiMU U ycriogueM  Hopmanu3ayuu
rnepemeHHbIX (apaymeHmos). [lpouedypa Obia rnpumeHeHa Ons
onipedenieHuss  4YacmuyHoU — ycmoldueocmu — peweHus — 3adad
MHO20ampubymueHO20 MPUHSIMUS PeLWeHUU.

Memodbi: OcHoeoli npouedypbl s8rsiemcs ornpedesieHue y3roe nap
apaymeHmos u ux riapamempos 01151 O0ryCmuMbIX MHO20MEPHbIX MOYEX.
lNapamempbi eHedpeHbl 8 MPUMEHEHHOM epadueHmHoOM Memode,
Memode 803MOXHbIX HarpasneHuli u memode sruHeliHo2o roucka. [pu
pa3pabomke npouyedypbi bbiiu Ucronb308aHbl 0cHO8bI Memoda TOPSIS
Kak Memoda Onsi MHO20ampubymueHO20 MPUHSMUS peweHull ¢
UHMep.asibHO 3a0aHHbIMU KpUMepUsIMU 8eca, 8 repsyto o4epedb U3-3a
HesuHelHoCMuU 8 8bi308e QhyHKUULU.
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Pesynbmambi:  Takxke  paspabomaHa rnpouedypa  ornpedesieHus
aKcmpemMaribHbIX U Opyaux 0onycmuMbIxX peweHul fpu ebi308e hyHKUUU
(MapauHarnbHblie U 0a308ble peweHus) U 8CeX 6EepWUH 8blryK1020
MHOXecmea onpedesnieHuss yHkyuu. Takum obpasom cghopmuposaH
nonHbIl epachuk oyHKYUU, m.e. onpedeneHbl mpebyeMbie pelweHust u3
donycmumozo MHoxecmea. PaspabomaHa npouedypa ycmaHO8/eHUs
MHOXecmea peuweHul onsa oripederieHusi pasdensouwel
2urnepriiocKkocmu MHoXecmea 3HaqeHuli QyHkyuu; 6rnazodapsi yemy 8
omaderibHbIX CrlyHasiX MHOXeCmE0 peueHUl Yacmu4yHol ycmouvugocmu
eapuaHma ornpedenssemcsi Kak peweHue MHO20ampubymueHo20
npuHsmusi  pewerul. bbinu  npedroxeHbl  coomeemcmeytowjue
npoyedypbl Onsi ycmpaHeHUsi OMKIIOHeHUU 8 rpouedype (3aknuHueaHue
u KonebaHue peweHud).

Bbi600bi: [laHHoe uccriedosaHue si8/1siemcsi 3Ha4umesibHbIM 8K1adoM 8
onpederieHUe y3/108 apaymMeHmos U UX rapamempos, Komopble
obecriequgarom ycriogusi HopManu3auuu 8 Kaxoom y3rne u Orisi Kaxoou
doniycmumol ~ MOYKU,  HeompuyamesbHOCMb  MEPEeMEHHbIX U
Hes3asuCcUMOCMb U3MeHEeHUU apayMeHmMoe8 8 y3riax 8 paMKax akmuHbIX
oepaHuyveHuli. PaspabomaHa opuauHanbHas rpouedypa orpedesieHuUs
epachoe  ¢pyHKkyul. [lpusedeHbl coomeemcmeyrujue pearsibHble
4uCrio8bIe MPUMEPHI.

Knouesbie criosa: eeca Kpumepues, y37bl MNap apayMeHmos,
epadueHmHbIl Memod, Memod B03MOXHbIX HarpaesieHul, cucmema
baszosbix peweHul, Memod MHO20ampubymugHo20 MPUHSAMUS
peweHul, Yacmu4yHasi ycmol4yueocmb peweHuUd.

MAPLUNJATTHA CTABUITHOCT PELLEHA BULLEATPUBYTHOI
OOJTYYMBAHA 3A MHTEPBAIIHO 3AOATE TEXXMHE
KPUTEPUJYMA — NPOBJIEM HEJNTMHEAPHOT NMPOIrPAMUPAHA

Padomup P. Bykuh
camocTanHu nctaxuead, Kpywesau, Peny6nvka Cpbuja

OBNACT: maTematuka, HenMHeapHoO NporpaMmmpare
BPCTA UJ1AHKA: opuruHanHu Hay4Hu pag

Caxemak:

Yeod/uurb: Y pady je npukasaH rnpojekmoeaHu rnocmyrak 3a peulagaqe
Krace 3a0amaka HesrluHeapHoe rpoepamuparba (HJSIl1) ca HenuHeapHoM
u OucgpepeHyujabunHomM QQyHKUUjOM uurba, JIUHEapPHUM [PUPOOHUM
ogpaHudersuma U Hopmupajyhum  ycrioeoM 3@ POMEHsbUBE
(apaymeHme). lNocmynak je npumerseH 3a olpefjusar-e napuujanHe
cmabunHocmu pewera npobrema esuweampubymHoz o00ny4Yuearba
(BAO,).
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Memodu: OcHoe nocmyrika npedcmasrba 0ecbuHUCaHE Y80pO8a raposa
apeymeHama u HbUX08UX napamemapa 3a dornycmuse
suwedumeH3uoHanHe mayke. [lapamempu ce umnemMeHmupajy y
epadujeHmHU mMemod, Memod Mo8OSbHUX Mpasaua U Memold MUHUJCKO2
mpaxera. Y pas3eojy nocmyrika KopuwheHu cy OcHosu memoda
TOlMCUC 3a BAO ca uHmepsasiHo 3adamuM mexuHama Kpumepujyma,
rpseHcmMeBeHo 3602 HesluHeapHOCMU peghepeHmMHe QyHKUje.
Pesynmamu: PaspafieH je nocmynak odpeRhusara €KCMpeMHUX U
Opyaux dorycmusux pewer-a pechepeHmHe yHkuuje (pybHa u OCHOB8Ha
pelwera) U ceux 8pxoea KOHBEKCHO2 CKyrna degbuHucaHocmu byHKyuje.
Tume je cbopmupaH romnyHu epachuk ¢byHKUUje, Ha OCHOBY Kojee ce
Moey o0pedumu 3axmeegaHa pewera u3 dornycmueoe cKyrna. Pa3ssujeH je
rnocmynak odpefjusara ckyrna pewera 3a 0epuHucare xurneppasaHu
pasleajarba CKyrna epedHocmu ¢byHKkyuje. Ha maj HayuH ce, Kao
crieyugpuyaH crydaj, OecbuHuwe U CKyrl pewera napuujanHe
cmabunHocmu eapujaHme kao pewera BAO. 3a omknawame
OeeeHepauuje rocmyrnka (3akfurasare U Ocyusiosare peuera)
rpedrnoxeHe cy adeksamHe rpoyedype.

Bakrbyyvak: HajsHavajHuju donpuHoc o002 pada jecme OegbuHucar-e
4yeoposa apeymeHama U HUX08UX Mapamemapa Kojuma ce ocueypasa
HopmMupajyhu ycriog y ceakoM 4Ygopy U 3a ceaky OOorycmusy madqky,
HeHe2amueHOCM MPOMEH/bUBUX U HE3aB8UCHOCM MPOMEHa apeyMeHama
y YeoposuMa, y epaHulyama akmueHUX ogpaHu4er-a. Takohe, pasgujeH je
OpusuHanaH nocmynak 3a odpehusame 2pahuka yHKUUje U
npedcmaesbeH o0208apajyhiu peanaH HyMepuyKu ripumep.

KrbyuHe peyqu: mexuHe Kpumepujyma, 480posu naposa apaymeHama,
epadujeHmHuU Memod, Memod Mo8OsbHUX rpasaya, cucmem OCHOBHUX
pewera, suweampubymHo o0ny4uear-e, napuyujanHa cmabunHocm
pewema.
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Abstract:

Introduction/purpose: The purpose of this paper is to present the
importance of applying a new diagnostic method with a monitoring system
and its capability to reliably determine when and where the problem will
occur related to the wear of plain bearings in further operation of the plant,
to offer a quality assessment of how the system will continue to function
over time, to predict causes of failures and how to eliminate them as well
as to provide time for planned maintenance of technical systems.

Method:The new method solves the problem of sliding bearing diagnostics
by measuring the dynamic trajectories (orbit) of the sleeve in the sliding
bearing. Modern methods of technical diagnostics based on the
measurement of dynamic parameters and electrical quantities and their
analysis enable the support of measuring systems and measurement
sensors from different manufacturers.

Results: Measurements of the dynamic trajectories of sleeves in sliding
bearings determine the values characterizing: normal condition, initial
clearance size, further clearance increase, bearing clearance sizes, the
moment when the state parameters are close to the upper limit of the
allowable clearance, and the specific clearance size when further plant
exploitation can cause system failure.

Conclusion: The new diagnostic method and monitoring systems can be
widely applied in all technical fields: internal combustion engines,
hydroelectric power plants, thermal power plants, process plants, and in
many other areas. Many monitoring systems, compatibility of devices and
equipment of different manufacturers are supported by hardware and
software. The calculations of theoretical and experimental dynamic
parameters were verified. The method has a wide range of possibilities of
application.

Keywords: sliding bearing, bearing clearance, bearing wear, bearing
sleeve, dynamic trajectory.
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Introduction

The new procedure and measuring systems (hereinafter referred to
as monitoring systems) for determining the clearance size, i.e. the
degree of wear of sliding bearings, is a new diagnostic method in the
technical field. It is is characterized by the following: it allows direct
measurement of the movement parameters of the sleeve in the sliding
bearing, thus enabling automatic quality control of plants in which sliding
bearings are built into. The monitoring system has an almost unlimited
lifetime, has no transferable and wear-exposed elements, does not
depend on the speed of rotation and overload of a plant, in the case of
internal combustion engines, and does not depend on the engine type
and stroke. The new method is used as a precautionary measure to
prevent possible system crashes. The monitoring system can be built into
machinery during production, so there is no limit if it is installed on a plant
already in operation. Monitoring systems can be implemented in the on-
line version, i.e. as a constant monitoring system or in the off-line
version, i.e. as an occasional monitoring system, depending on the plant
type and the requirements of the plant user (Cernej et al, 1986).

Theoretical settings, dynamics of sliding bearings,
and the calculation of dynamic parameters

There is a range of impacts such as defective lubrication, dirty and
diluted lubricating oil, incorrect bearing geometry due to manufacturing
and assembly errors, or large bearing deformations caused by dynamic
forces during plant operation, which causes damage to sliding bearings.
High temperatures in sliding bearings are most often due to:

- transient mixed friction with a longer duration, mixed friction in a
larger zone along the bearing range or due to mixed friction of higher
intensity,

- lack of lubricating oil for a certain period of time or a permanent
lack of oil in the sliding bearing.

The causes of mixed friction may be different or a combination of
multiple impacts, such as (Li¢en & Zuber, 2003):

- mistakes in making liners and sleeves,

- small and large bearing clearances,

- excessive mounting or working deformation of the bearing,

- clogging of oil channels with dirt in the lubrication system,

- small lubricant pump capacity,
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- transmission of dynamic forces, and
- filtration and cooling of lubricating oil.

Fatigue of the material in the sliding bearing occurs if the limit of the
dynamic endurance of the bearing material exposed to cyclically variable
pressures in the oil film is exceeded. Today's limits, with regard to fatigue
and bearing wear, are (Cernej et al, 1986):

- minimum oil film thickness obtained by calculation - 2 ym,

- maximum pressure in the oil film up to 250 MPa,

- maximum temperature in the oil film up to 140°C, and

- hydrodynamic specific friction force in the bearing up to 0.15

W/mm?Z.

The bearing pressure of the bearing lubricating oil is determined by
the bearing capacity characteristic and is in the range from 90° to 130° of
the bearing circularity. In the rest of the clearance, the lubricating oil
pressure is approximately equal to the oil supply pressure in the sliding
bearing.

Knowledge of the parameters of the dynamic orbit of the sleeve in
the sliding bearing leads to quality indicators about the relative
performance of certain drive and design parameters such as: bearing
dimension, the size of the clearance in the bearing, speed of rotation,
viscosity of lubricating oil, and the like.

The dynamic orbit (trajectory) parameters of the sleeve in the
bearing are determined by:

- the minimum thickness of the oil film, which is closely related to the
bearing load,

- maximum pressure in the oil film,

- the friction magnitudes in the bearing (energy losses) depending
on the bearing temperature regime, and

- the amount of oil flow in the bearing.

In order to theoretically obtain the dynamic trajectory of the sleeve in
the sliding bearing, the input data requires a dynamic load force of the
bearing and the angle at which it acts. The basis for obtaining the
dynamic trajectory is based on the balance of the dynamic force (F)
loading the sleeve and the hydrodynamic forces due to the pushing of the
sleeve (Fp) and turning the sleeve in the bearing (Fo), (Figure 1),
(Zegarac, 1989).
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Figure 1 — Schematic presentation of a cylindrical sliding bearing and the equilibrium
position of dynamic forces
Puc. 1 — Cxemamuuyeckoe u3obpaxeHue UYunuHOpU4ecKo20 NnodWUNHUKa CKOMIbXEHUS U
r1o510)KeHuUe pagHo8ecusi OUHaMUYeCKUX CUJl
Cnuka 1 — llemamcku nipuka3 yunuHOPUYHO2 KITU3HOZ flexaja U pa8HOMexXHoe rosoxaja
OuHamMuyKux cuna

Based on the balance of dynamic forces, the exact position of the
sleeve motion in the sliding bearing is obtained at each moment of the
plant cycle time.

For realistic operating conditions and different directions of rotation
of the sleeve in the bearing in Figure 2, possible positions of the non-
stationary loaded bearing (Lang & Steinhilper,1978) are shown.

From equation (1), the value for the dynamic force is obtained:

E, 2{005(5—7) Sign(é_;);in (5_y)}ign(ﬂ—|5—ﬂ4) (3)

From equation (2), the value for the dynamic force is obtained:

F_F sign(0 —y)sin(o —y) (4)
0 sin
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Figure 2 — Possible balance positions of the sleeve of a non-stationary loaded sliding
bearing
Puc. 2 — Bo3MOXHbIe 0I0XKEeHUST paBHOBECUS pyKaga HeCmauyUuoHapHO HagpyXeHHO20
MOOWUNHUKA CKOIbXKEHUS
Cnuka 2 — Moeyhu nonoxaju pagHomexxe pykasua HecmauyuoHapHoez ornmepeheHoe
Knu3Hoe nexaja

By introducing known ratios for Sommerfeld's bearing characteristics
for components due to the rotation and thrusting of the sleeve, the
parameters of the dynamic trajectory of the angular velocity of the sleeve
in the bearing are obtained (Lang & Steinhilper,1978):

2
So, =LV (5)
BD 77|a)|
2
So, =~V )
BD 77|3|

534




The effective angular velocity of the sleeve |, | is given by equation

(7):

*

0- o,

.

=‘a)1+a)2—25

: (7)

where is:
w, - angular velocity of the sleeve,

@, - angular bearing speed (w, = 0, in the case of the non-rotating main
sleeve bearing),

s

w| - relative angular velocity of the sleeve in the bearing,

w = —262—5 - is a hydrodynamic effect in the bearing, stopping the
‘ t

sleeve and causing it to rotate in the opposite direction,

S| - angular velocity of the minimum thickness of the oil film,

v - relative bearing clearance calculated according to equation (8):

: (8)
where is:
R - bearing radius,

r - bearing sleeve radius, and
Z - radial bearing clearance.

Finally, the value for

G)‘Z

%k °

25 sign(6 — 7 )F sin(6 — y

= . (9)
BDSo,nsin
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The value for the radial velocity of the sleeve center (&) is obtained
from equation (10), (Lang & Steinhilper,1978):

2 inls -
g:L Cos(g_y)_w (10)
BD 1§, tgf

The value for the angular velocity of the minimum thickness of the oil

film (5), is obtained from equation (11):

. % 2 . _
521 e Fy sm('é‘ 7) (11)
2 BD nSo, sin f

An internal combustion engine of the type 6ASL-25D, manufactured
by Jugoturbina - Karlovac, licensed by Sulzer company, Switzerland, was
chosen as an example of modeling and calculating dynamic parameters
in order to determine the size of clearance in the sliding bearing.

Determining clearance in sliding bearings of internal combustion
engines is very complex. In this case, the main bearings of the engine
crankshaft were the subject of investigation.

Figure 3 shows the kinetostatic model of the motor mechanism, on
the basis of which the calculation of all dynamic parameters will be
performed: the speed of the parts of the motor mechanism, acceleration,
the dynamic forces that load the sliding bearing and the calculation of the
parameters of the dynamic orbit, on the axis, which will determine the
clearance size, i.e. bearing wear. A dynamic calculation was performed
in a completely new way. The results of the calculations were obtained
by the help of the software developed for this purpose (Zegarac, 1989).

Figure 4 shows the change in the intensity of the dynamic loading
force (F) acting on the sleeve of the 1st main bearing, depending on the
rotation angle of the crankshaft (a = 0° to 720°), during the engine
operating cycles, (Zegarac, 1989).
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Figure 3 — Kinetostatic model of an internal combustion engine

Puc. 3 — KuHemocmamudyeckasi Modesib dguzamerisi HymMpPeHHe20 c2opaHusi

Cnuka 3 — Kunemocmamuuku Modes1 MOMOPHO2 MexaHu3ma ca yHympauwiHum

cacopegaH-em
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a10°

Figure 4 — Changing the intensity of the dynamic force (F) acting on the sleeve of the 1st
main bearing depending on the angle of rotation of the crankshaft engine (a=0° to 720°)

Puc. 4 — NsmeHeHue uHmeHcusHocmu OuHamu4deckol cunbl (F), delicmeyrouwjeli Ha pykas
repeozo efagHo20 NOOWUMHUKA, 8 3a8UCUMOCMU OM yafia nogopoma KoieH4amozo
sarna dsueamens (a=0° do 720°),

Cnuka 4 — lNpomeHa uHmeH3umema duHamuyke curne (F) koja dernyje Ha pykasay, npgoe
2rasHoe nexaja y 3agucHocmu 00 yara 3aokpema KofeHacmoa epamusna momopa (a=0°
do 720°)

Figure 5 shows the change in the angle (y) at which the load force
(F) acts on the main bearing sleeve depending on the crankshaft rotation
angle (a=0°to 720°):
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Figure 5 — Changing the angle () at which the force (F) acting on the main bearing
sleeve depends on the the crankshaft rotation angle (a=0° to 720°)

Puc. 5 — NamereHue yena (Y), nod komopsim cuna (F), delicmeyrouwas Ha pykas
2n1asHo20 NodWUNHUKa, 3agucum om yarna KofieH4amoeo eana 0suzamens (a=0° 0o
720°)

Cnuka 5 — NpomeHra yana (Y) nod kojum cuna (F) Oenyje Ha pykasay anasHoe rexaja y
3asucHocmu 00 yara 3aoKpema KojieHacmoe gpamusa momopa (a=0° do 720°)

Figure 6 shows the hydrodynamic forces (Fo) and (Fp) depending
on the crankshaft rotation angle (a) on the 1st main bearing of the
engine. It presents the sum of the forces (ZFy), (2Fx), the influence of the
dynamic forces from all engine cylinders on the 1st main bearing of the
engine in the horizontal axis (y) and the vertical axis (x).

The radial clearance in the bearing is Z = 124 um, (Zegarac, 1989):
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Figure 6 — Changing the intensity of the hydrodynamic forces 2Fx, 2Fy depending on the

the crankshaft rotation angle (a = 0° do 720°)

a) vertical axis of the motor, b) horizontal axis of the motor

Puc. 6 — lsmeHeHue uHmMeHcusHocmu a2udpoduHamudeckux cun XFx, 2Fy, e

3asucumMocmu om yana rnosopoma KosieH4amozo easna (a = 0° do 720°)

a) eepmukarnbHas ocb 08uzamernsi, 6) 2opu3oHmarnbHas ocb 0guzamernsi

Cnuka 6 — [NpomeHa uHmeH3umema xudpoduHamuykux cuna 2Fx u 2Fy y 3agucHocmu
00 yena 3aokpema (a = 0° do 720°) KoneHacmoea epamusna Momopa:
a) eepmukarnHa oc momopa, 6) Xopu3oHmMarsnHa oc Momopa
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Figure 7 shows the calculated dynamic trajectory of the sleeve on
the 1st main bearing of the crankshaft, at 100% engine load and an
engine speed of n = 720 min™ when the value of the radial clearance is Z
= 124um. In the dynamic trajectory, the crankshaft rotation angle (a = 0°
to 720°) is indicated. The angle value (a = 0°) indicates the start of the
expansion in the engine, (Zegarac, 1989).
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Figure 7 — View of the calculated dynamic trajectory of the main sleeve on the 1st main
bearing on the engine crankshaft
Puc. 7 — N3obpaxeHue usmepeHHoU OuHaMu4ecKol mpaekmopuu a/1a8Ho20 pyKasa 8
repeom eriagHoM nodwurnHuUKe dgueameriss KOfieH4Yamoeo eana
Cnuka 7 — lNpuka3 npopayyHame OuHaMuyKe Mymarbe 2/1aeHo2 pyKasuya Ha rpeom
2/1a8HOM Jiexajy KoreHacmoa epamusna momopa

Experimental research

The experimental studies were performed on a marine diesel
engine type 6ASL-25D, manufactured by Jugoturbina - Karlovac,
licensed by Sulzer company, Switzerland, at different engine modes and
engine speeds up to a maximum speed of n = 720 min™. All the
preparations for the measurement were made, the operating parameters
of the engine were adjusted, the monitoring system was installed and the
measurement system calibrated (Easy-Laser, 2020), (Zegarac,1993).
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If the plant is in operation and there is a need to install a new
monitoring system, the installation and centering of contactless encoders
to measure the center displacement of the sleeve center can be
performed with a laser centering system of the sleeve center relative to
the bearing center (Zegarac, 2016), (Lien & Zuber, 2003).

Dynamic trajectories were measured in the unladen mode, up to a
maximum speed of n = 720 min™.

Dynamic trajectories at partial engine loads were also measured, up
to a maximum engine speed of n = 720 min™.

Figure 7 shows the measured dynamic trajectories of the main
sleeve on the 1st main bearing of the crankshaft engine at 100% engine
load and a speed of n = 720 min™.

The size of the radial clearance in the sliding bearing is Z = 124um.

The figure also shows the size (e) that represents the displacement
of the sleeve center relative to the bearing center, i.e. the eccentricity of
the sleeve center, which is directly related to the bearing clearance (Z).

In order to compare the calculated and measured sizes of the

bearing clearance, the term of so-called relative eccentricity (&) was
introduced and determined by the equation:

E=—= (12)

Figure 8 shows the angle (5) of the minimum thickness of the oil film.
On the basis of the measured values (e) and (9), the clearance in

the sliding bearing and the assessment of further plant exploitation are
determined in order not to cause a plant failure.
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Figure 8 — Display of the measured dynamic sleeve trajectory on the 1st main bearing of
the crankshaft, at the engine load of 100%,
n =720 min”, and the bearing clearance Z=124 (um)

Puc. 8 — M3obpaxeHue uamepeHHoU QUHaMu4ecKol mpaekmopuu pyKkasa & rnepeom
enasHoM rnodwurHuke guzamerisi KOfleHYamoeo 8ana, npu Hazspy3ke Ha dguaamerib
(100%), n = 720 mur™', 3a30p nodwunHuka Z = 124 (um)

Cniuka 8 — lNpuka3 uamepeHe duHaMu4Ke rMymarbe pykasua Ha rnpeom 2/1ag8HoOM fexajy
Momopa KosleHacmoa epamurna Mmomopa npu onmepeherwy momopa (100%), n = 720
min’, 3a30p nexaja Z=124 (um)

Figure 9 displays the measured dynamic trajectory of the sleeve on
the 1st main bearing of the crankshaft engine at the load of 0%,n = 720
min”', and the bearing clearance Z = 124(um):
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Figure 9 — Display of the measured dynamic trajectory of the sleeve on the 1st main
bearing of the crankshaft , at the engine load of 0%, n = 720 min", and the bearing
clearance Z = 124 (um)

Puc. 9 — NsobpaxeHue usmepeHHOU QuHaMu4ecKol mpaekmopuu pykasa 8 rnepeom
2nasHoM rnodwurHuke 0gueamerisi KOsieH4amoeo 8arna, npu Hazpy3ke Ha dguzamerib
(0%), n = 720mun™, 3a3op nodwwunHuka Z = 124 (um)

OmobpaxxeHue usmepeHHOU duHaMU4YecKoU mpaeKkmopuu emyrku Ha 1-M a2riaeHoM
nodwunHUKe KorneH4Yamoao eana rnpu Hazpy3ske dgueamers 0%, n = 720 muH-1 u 3a3ope
nodwuriHuka Z = 124 (um)

Cnuka 9 — lNpuka3 usmepeHe OuHaMu4Ke rymarbe pykasua Ha rnpeoM 2r1agHoM fiexajy
Momopa KoneHacmoe epamuria Momopa, npu onmepehery momopa (0 %), n=720min”",
3a3op nexaja Z=124 (um)

Based on the results of measuring the displacement of the center of
the sleeve (e) for this engine type, the dependence (Z) of (e) was
determined (Zegarac, 1989):

Z=101-e+748t4 (13)
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The results are presented in Figure 10.
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Figure 10 — Graphic depiction of the clearance size (Z) and the displacement of the
center of the sleeve (e) for different rotation speeds and engine loads

Puc. 10 — Npaguyeckoe usobpaxeHue pasmepa 3a3opa (Z) u cMeuweHuUs yeHmpa
pykaea (e) 0n1s1 pa3Hbix ckopocmel 8palieHusi U Hagpy30K Ha dguzamerib

Cnuka 10 — paghuyku npuka3s 3agucHocmu eenu4uHe 3a3opa (Z) u nomaka cpeduwma
pykasua (e), 3a paznudume bpusuHe spmmbe u onmepehewa Momopa

Comparison of the theoretical calculation results and
the experimental research results

Figure 11 gives a graphic representation of the calculated and
measured values of the sleeve eccentricity (e) depending on the angle of
rotation of the crankshaft (&) for various bearing wear degrees, at a
rotation speed of n = 720 min” and at 100% engine load, (Zegarac,
1993):
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Figure 11 — Display of the calculated and measured eccentricities of the sleeve (e) on the
1st main bearing depending on the crankshaft rotation angle () for different sizes of
bearing clearance Z=84 (um), Z=124(um), Z=144 (um), engine speed n = 720 min”" and
100% engine load

Puc. 11 — UsobpaxxeHue paccqumarHbIX U U3MePeHHbIX 3KCUeHmpucumemos pykasa (e)
repeozo efagHo20 NOOWUMHUKA, 8 3a8UCUMOCMU OM yafia nogopoma KoieH4amozo
sarna («) npu pasHbix pasmepax 3a3opa noowurnHuka Z = 84 (um), Z = 124(um), Z = 144
(um), yacmoma epawieHusi 0suzamens n = 720 mur" u Hazpy3ka Ha dgueamernb 100%

Cniuka 11 — lNpuka3 npopadyyHamux U USMEPEHUX eKCUeHmpuYyHocmu pykasua (e) Ha
rp8oM 2r1aéHoOM fiexajy y 3agucHocmu 00 yana 3aokpema KosieHacmoa epamuria
momopa («) 3a pasnu4yume 8enuquHe 3a3opa y nexajy: Z=84 (um), Z=124(um), Z=144
(um), 6p3uHU epmre momopa n =720 min~ u onmepehery momopa 100%

In Figure 12, there is a graphic representation of the measured
values of the sleeve eccentricity (e) depending on the angle of rotation of
the crankshaft (a) for various bearing wear degrees Z=84 (um), Z=124
(um), Z=144 (um), at different speeds of rotation, without loading the
engine.
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Figure 12 — Display of the measured eccentricities of the sleeve (e) on the 1st main
bearing, depending on the crankshaft rotation angle («) for different sizes of the
clearance in the bearing Z=84(um), Z=124 (um), Z=144 (um) and speed, no engine load

Puc. 12 — UsobpaxkeHue UaMepeHHbIX IKCUeHmpucumemos pykasa (e) nepgozo
2/1a8H020 MOOWUNHUKa 8 3a8UCUMOCMU Om yana rogopoma KoseH4amoao eana («) npu
pasHbIX 8efiu4uHax 3asopa 6 noowunHuke Z = 84 (um), Z = 124 (um), Z = 144 (um) u
ckopocmb, 6e3 Haepy3ku Ha dsuzamesb

Cniuka 12 — lNpuka3 usmepeHuUx ekcueHmMpu4YHocmu pykasuya (e) Ha rnpeom 2r1agHom
nexajy, y 3aeucHocmu o0 yana 3aokpema KorleHacmoe epamurna («), 3a pasnuyume
genuyuHe 3a3sopa y nexajy: Z=84(um), Z=124 (um), Z=144 (um) u 6p3uHama epmkbe,

6e3 onmepehera momopa

Figure 13 gives a graphic representation of the calculated and
measured values of the eccentricity angle of the bearing hose (9)
depending on the angle of rotation of the crankshaft of the engine («) for
various bearing wear degrees, at 100% engine load and the engine
speed of n = 720 min™' (Zegarac, 1993):
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Figure 13 — Display of the calculated and measured values of the angle of eccentricity of

the bearing hose (9) depending on the crankshaft rotation angle () for various bearing
wear degrees, 100% engine load, speed of rotation engine n = 720 min”
Puc. 13 — NsobpaxeHue pacdyemHbIx U U3MEPEHHbIX 3Ha4YeHUU yara sKcyeHmpucumema

pykaga nodwurnHuKa (d) 8 3a8ucuMocmu om yasia ogopoma KosieH4amozo eana

dsuzamens (&) npu pa3nu4yHoM usHoce nodwurnHuka, npu 100% Hazpyske Ha
dgueamernb, cKopocmu epaujeHusi 0gueamesisi n = 720 MuH’
Cnuka 13 — lNpuka3 npopadyHamux U U3MepeHUX 8peOHOCMU yana eKcUueHmpu4YHocmu

pykeua nexaja () y 3asucHocmu 00 yana 3aokpema KoreHacmoa epamurna mMomopa ()
3a pasHa ucmpouwersa nexaja, npu 100% onmpef;e/-by momopa, 6p3uHU 8pmMHe Momopa
n=720 min

Based on the comparison of the calculated dynamic sizes and the
measurement results, it can be concluded that the correspondence of the
results of the calculations and measurements is in the domain of 5%,
which is completely acceptable. The repeatability of the measurement
values during the measurement was obtained.

The method of calculation and measurement of the functional
parameters of the new diagnostic method has been completely verified.

Diagnostics of sliding bearings can be carried out for all modes,
rotation speeds and plant loads.

The author of this scientific paper has spent many years of research
on many projects related to technical diagnostics of machine and
electrical plants, development, research, design and implementation of
monitoring systems (Zegarac, 1994), (Zegarac, 2019).
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Conclusion

The application of the new diagnostic method and the monitoring
system gives an opportunity to reliably determine when and where the
problem will arise related to the wear of sliding bearings in further plant
operation, to offer a quality assessment of how the system will continue
to function over time, as well as to predict the causes of failures and how
to remedy them, and to provide time for routine maintenance of technical
systems. Modern methods of technical diagnostics based on the
measurement of dynamic parameters and electrical sizes and their
analysis allow the support of measuring systems and measurement
sensors from different manufacturers. The capabilites of a very
advanced program configuration for system diagnostics and monitoring
are presented. The values of the functional parameters were measured
and software processed as well as their limit values and alarms displayed
in different ways.

There are options for remote control and monitoring, shutting off
particular parts from further exploitation to prevent damage to various
plants where vital machine elements are installed. High accuracy and
reliability of measurements of all relevant measuring sizes are ensured,
on the basis of which the technical correctness of the plant can be
qualitatively determined. Multi-channel, modular, software-hardware
monitoring, control and protection systems allow the optimization of plant
operating parameters. The new diagnostic method and monitoring
systems can be widely applied in all technical fields: internal combustion
engines, hydropower plants, thermal power plants, process plants, and in
many other areas. Many systems for monitoring, compatibility of devices
and equipment from various manufacturers are supported by hardware
and software. Mechanical and electrical sizes measured on different
types of plants are very important for further operations of drive systems.
In this paper, a special attention is given to the diagnostics of sliding
bearings.

The new method of diagnostics of sliding bearings, by measuring the
dynamic trajectory of the sleeves in the bearing, does not depend on the
plant type, and can be applied to all types of internal combustion engines
and various other plants. The author of this very important project
proposes that this new method and its accompanying monitoring systems
be installed in drive systems. In the past, many important systems did not
have similar monitoring systems in place, and many problems arose. For
system installations used since the 1950s, simpler systems for
monitoring basic functions were designed, which was not enough,
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especially in recent times, as the development of new techniques has
progressed.

New plant monitoring systems have alarm functions. The alarm can
be visual or accoustic or in the form of SMS notifications. The field of
technical diagnostics is a very interesting field for many scientists (Braut
et al, 2008), (Licen & Zuber, 2003). This area is under-researched, as is
the area of medical diagnostics.
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PASPABOTKA METOOA OIMNPEOEJIEHNA BEJIMYMH 3A30POB B
NOoAWNIMHNKAX CKONbXEHNA

Hukona T. Xerapay,

Cepbckas akagemusi nsobpetartenei 1 y4eHbix,
r. benrpag, Pecnybnvka Cepbusi

PYBPUKA TPHTW: 55.00.00 MALLMHOCTPOEHMWE; 55.45.00 CynocTtpoeHue,
44.00.00 SHEPTETUKA
BWO CTATbW: opurmHansHas Hay4Has ctaTbs

Pe3some:

BeedeHue/uyenb: Lenb  daHHOU  cmambu  3ak/odyaemcss 8
npedcmasneHuu  8aXHOCMU  MPUMEHEHUsI ~ HO08020  Memooda
AuasHOCMUKU U cucmeMbl MOHUMOPUH2a, 803MOXHOCMU HalEXHO20
onpedesnieHUss 8PEMEHU U MOYHO20 Mecma B03HUKHOBEHUS
rnpobrnemebi, c8s13aHHOU C U3HOCOM MOOWIUMHUKO8 CKOJIbXEHUS rpu
OanbHeluwel 3Kcrilyamayuu ycmaHOBKU, a makxXe Ka4yecmeeHHO20
npoeHo3a npu npodosmkeHUU pabombi  cucmembl C MEeYeHUeM
8peMeHu, npedycMompeHuUe rpuyuH omkasa U crnocobos ux
ycmpaHeHusi, a makxe [aHUupoB8KU peayriipHO20 MEeXHUYEeCKO20
obcnyxueaHusi cucmemail.

Memod: Hosebili memod pewaem rnpobremy  OuacHOCMUKU
MOOWUMHUKOB  CKOJIbXKEHUSI  MymeM  U3MEepPeHuUsi — mpaekmopul
nepemeuweHuss (opbuma) eana 8 MNOOWUNHUKE  CKOJIbXEHUS.
CospemeHHble Memodbl mexHu4Yeckol QuagHOCMUKU, OCHOBaHHbIE Ha
u3MepeHUU GUHaMUYeCKUX rnapamempos U 3/71eEKMPUYECKUX 8€/TUYUH U
ux aHasnuse nosgorsnsam noddepxueame UIMEPUMESbHbIE CUCMEMbI
u damuyuku om pasfuyHbIx npouzeodumerned.

Pesynbmambi: U3mepsis mpaekmopuu nepedsuxeHusi (opbumesi)
gasnioe 8 MOOWUMNHUKax CKOMbXEHUsl, ornpedesisemcs 3HaqyeHusl,
Komopbie Xxapakmepusylom: HOpMasibHOe COCMOSHUE, HayarbHyHo
genluyuHy 3a3opa, ez2o OarnbHelwee ysesuvyeHue, 8eflU4UHY 3a3opa
nodwurnHuka, koz2da napamempbl npubsniwkaromes  rnpedesibHo
donycmumoUl eefluduHe 3a3opa U ornpedesisemcs 8esiuduHa 3a3opa, 8
criydae ecnu  OanbHelwasi 3KCrislyamayusi ycmaHo8KU MOXem
npusecmu K omka3ay cucmemal..

Bbigod: Hosebili mMemod OuasHOCMUKU U cucmeMbl MOHUMOPUH2a
MOXem UMemb WUPOKOE [PUMEHEHUE 80 8CEX MEXHUYECKUX
obnacmsix, makux Kak: 0euz2amesiu 8HYMPEHHE20 CaopaHus,
2udpoanekmpocmaHyuu, mernosble anekmpocmaxyuu,
mexHoJsIo2uUYecKUe ycmaHoeKu U np. AnnapamHoe U fpoepammHoe
obecriedeHue noddepxugaem MHOXeCmeo CUCMeM MOHUMOPUH2a,
KOHMpoJsis coemecmumocmu ycmpoticme u obopydogsaHusi om pasHbixX
npoussodumeried. lMpoeedeHa sepucbukayus pacyema
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meopemuyecKkux u aKCrepuMeHmarbHbIX OuUHaMu4ecKux
napamempos. Memod umeem wupoKuli Criekmp npuUMeHeHUs.

Knoyesbie crioga: noOWUMHUK CKOJIbXKEHUS], 3a30p MoOWUNHUKa,
U3HOC MOOWUNHUKa, 8as1 MOOWUNHUKA, MPaeKkmopusi rnepemMeueHusl.

PA3BOJ METO[E 3A YTBPBUBAHE BEJTMYMHE 3A30PA Y
KINMN3HNM NEXXAJEBUMA

Hukona TN. Xerapay,
Cpnicka akagemMuja usymmTerba u HayyHuka, beorpag, Penybnvka Cpbuja

OBNACT: MmalmrHCTBO, eHepreTuka, bpogorpagra
BPCTA UJIAHKA: opvruHanHu Hay4Hu pag

Caxemak:

Yeod/uurb: Y pady je npedcmasrbeHa rnpumeHa Hoge OujacHOCMUYKe
memode u MOHUMOpuHe cucmema. [lpukasaHa je mozayhHocm da ce
rnoy3sdaHo ymepou kala u 20e he ce riojasumu npobsieM Koju ce jasrba
rpu mpowery KNU3HUX fiexajesa y 0arboj ekcriroamauuju nocmpojersa.
lMoped moea, ouewyje ce kako he cucmem Hacmasumu Oa
byHKUUOHULWE MOKOM epemMeHa, rpedsuhajy ce y3pouu Kkeapoea U Ha4yuH
HbUX0802 OMKIararba, Kao U epeMe 3a M/1aHCKo 00pxKagare mMexXHUYKUX
cucmema.

Memoda: Hosa memoda pewasa npobrnem OujacHOCMUKE KIU3HUX
Jiexajesa mMepereM OUHaMUYKUX Mymarka pykasua y KIU3HOM 1eXajy.
CaspemerHe mMemode mexHudke OujazHOCMUKe, 3aCHO8aHe Ha MEpeH-y
OUHaMUu4KUX rapamMemapa U eJIeKMPUYHUX 8e/luduUHa U Huxose
aHarnuse, omoayhaeajy noOpuwKy MEPHUX cucmemMa U CeH30pa 3a MepeH-e
pasHux npoussohaya.

Pesynmamu: Meperem OQuHaMuyKux nymarma (mpajekmopuje)
pykaeaua y KIUSHUM nexajumMa ymephyjy ce eenuduHe Koje
Kapakmepuuly: HOpMaslHO Cmak-€, Mo4YemHy 8eslu4UHy 3a30pa, He2080
Oarbe rosehasarbe, 6eru4UHe 3a3opa rexaja, kada cy napamempu
cmarsa bnu3sy 2oprse 2paHuue 00380s/beHO2 3a3opa, U ymephusearse
gernuyuHe 3a3opa Kada Oarba eKcryioamauuja nocmpojerba MOXe
Mpoy3poKosamu xasapujy cucmema.

Sakrbyyak: Hoea OdujazHocmuuka Mmemoda U MOHUMOPHU2 cucmema
MO2y Ce WUPOKO MpuMeHUmu y CeuM mexHUYKuM obnacmuma:
MomopumMa ca yHympalbuM caz2opesareM, xudpoernekmpaHama,
mepmoerieKmpaHama, MPOUEeCHUM 0CmpojersumMa U MHo2uM Opyaum
obnacmuma. Xapdsepcku U coghmeepcku rnodpxasajy ce MHo2u
cucmemu 3a HalenieOare U rposepasa KomrnamubuiHocm ypehaja u
onpeme pasHux rnpoussohaya. M3epuwieHa je sepuchukayuja npopadyHa
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MeopUjCKUX U eKcriepuMeHmarnHux OuHaMuykux rnapamemapa. Memoda
uma wupoke moz2yhHocmu npumMeHe.

KrbyyHe peyqu: Knu3HU rnexaj, 3a3op riexaja, ucmpowere riexaja,
pykaeay, nnexaja, OuHaMuy4ka fnymarba.
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Abstract:

Introduction/purpose: The paper presents the mode of operation of the
CBU-102(V) 2/B cluster bomb, weighing about 340 kg and containing
bomblets with electrically conductive fibers for disabling power plants.

Methods: Physical and chemical analyses of the fibers were performed.
The following test methods were used for fiber characterization: a
binocular microscope for determining fiber thickness and a qualitative XRF
analysis performed on an XRF-MiniPal spectrometer, PANalytical. The
XRFanalysis aimed at qualitative detection of the present elements, which
was confirmed by a quantitative chemical analysis.

Results: The semi-quantitative XRF analysis determined the content of
gallium (0.007%), the peak of which was detected on the spectrum.
Gallium nitride is a material that can be used as a semiconductor. The
chemical analysis was performed on an atomic absorption
spectrophotometer Analyst 300, Perkin Elmer.

Conclusion: The instrument for differential thermal analysis and
thermogravimetry (DTA/TG), NETZCH STA 409 EP (operational range
from 20°C to 1000°C), confirmed that the sample was of 50% silicate
origin, non-toxic and with heavy metal content in traces. The rest of the
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sample is aluminum whose presence in soil can cause decline in soil
fertility thus leading to decline in crop yields.

Keywords: chemical warfare, cluster bomb, electrically conductive
fibers, energy system, chemical analysis, thermochemical analysis,
silicate, aluminum, environmental impact, soil, declined fertility,
reduced yield.

Introduction

The attack on FR Yugoslavia began with a combined action of
tomahawk cruise missiles (BGM-109 TLM) and AGM-86-ALCM launched
from V-52N strategic bombers, which took off from RAF Fairford base
(Great Britain) and from the southern Adriatic sea from submarines and
ships of the Sixth fleet, USA Navy. A total of 78 projectiles were launched
in the first raid. At the same time, about 300 planes took off from the
aircraft carriers from the Sixth fleet and bases in Italy, Germany and
Turkey, 100-200 out of which were fighters, armed with the most modern
guided munitions (air bombs and air-to-ground and air-to-air missiles).
They deployed air attacks with the aim of destroying and neutralizing vital
facilities of the Yugoslav Army, and especially the Air Force (RV) and the
Air Defense (PVO), with a quick operation. After the war, the Pentagon
publicly stated that the focus of the operation was the destruction and
neutralization of the air defense system of FR Yugoslavia (Andelkovic-
Luki¢, 2015, p.36).

Military doctrines in the world's largest countries hold the view that
war conflicts, such as those in Iraq, Bosnia and Herzegovina, Chechnya
and Yugoslavia, can be successfully resolved by selective attacks on
vital enemy targets using high-precision weapons from a distance. Such
aggressions are carried out by mass attacks with cruise missiles and
aviation on airports, positions of missile units and air defense radars,
command posts, telecommunication systems, but also on the country's
economic infrastructure in order to immediately overcome resistance and
endanger the existence of the population. For this purpose, CBU-102/B
cluster bombs with BLU-114/B bomblets were deployed against electric
power facilities. At the same time, cluster bombs with high-explosive
bomblets were used against civilian targets such as residential buildings,
hospitals, schools, etc. (reference) All missiles dropped on FR
Yugoslavia during the bombing, in terms of their effect and purpose, can
be classified into three general groups:

- high-explosive (HE), guided and unguided, of various calibers,
(missiles, air bombs and cluster bombs),
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- anti-tank, armour-piercing, filled with depleted uranium, and

- non-lethal, which do not have the effect of an explosion at the
target, but cause serious damage, so-called "soft bombs" or "blackout
bombs".

The paper will present the properties and action of bombs for
incapacitation of electric power facilities and the physico-chemical
analysis of electrically conductive fibers contained in cluster bomblets
within cluster bombs and containers. (Andelkovié-Luki¢, 2015, p.36).

Electrically conductive fibers are intended to create blackouts, to
disable the power grid of a state, leaving it without electricity. This
includes hospitals, industrial plants, schools, colleges, etc.

They were first used over Iraq, but their chemical structure was that
of graphite fibers, an allotropic modification of carbon, which is also
highly conductive. Therefore, all such bombs containing electrically
conductive fibers are popularly called graphite bombs, and, despite the
difference in their composition, they all work in the same way: they
disrupt the electricity supply in the attacked country. (Jeler & Roman,
2016, pp.13-18)

The fibers dropped on FR Yugoslavia were the product of highly
sophisticated technology, a product of the fourth generation, and they
work by causing short circuits on transmission lines.

Cluster bombs with electrically conductive fibers
targeting the electrical grid of FR Yugoslavia

Depending on the model, cluster bombs (CBUs - Cluster Bomb
Units) consist of the body of the SUU-65/B or SUU-66/B (Stores Release
and Suspension Unit) air bomb loaded with 202 BLU-114/B bomblets.
The CBU-102/B cluster bomb weighs about 340 kg and bomblets, 1 kg
each, are filled with spools of conductive filaments. It was developed for
the US Air Force to be dropped from the altitudes of 600m - 6000m at a
speed of 460 up to 1.200 km/h. It is released from aircraft and covers an
elliptical surface measuring approximately 150x360 m. This bomb was
developed in 1994, and became operational in the US Armed Forces in
the late 1990s. (Andelkovic¢-Luki¢, 2015, pp.57-58)

Bombs with electro-conductive fibers (which contains BLU-114/B
bomblets, produced in the USA) were used in the NATO aggression on
FR Yugoslavia (1999), when more than 70% of the electricity in the
national power grid was disabled.
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In less than 24 hours, experts from Serbia managed to restore the
operability of the electrical system, so that the used bombs with
electrically conductive fibers did not give the expected results. (Jeler &
Roman, 2016, pp.15)

In the territory of FR Yugoslavia (Republic of Serbia), the power
transmission system in 1999 consisted of:

1) Overhead lines (transmission lines) a total of 449 in the length of
9,408 km, by voltage levels:

- 400 kV - 37, in the length of 1,626 km;
- 220 kV - 48, in the length of 1,917 km;
- 110 kV - 358, in the length of 5,804 km;
- 35kV - 6, in the length of 141 km;

2) Underground lines (cables) of voltage level 110 kV, 2 in total, in
the length of 6.1 km;

3) Transformer stations (TS) a total of 30, total installed capacity
15.396 MVA, by voltage levels:

- 400/H kV/KkV - 14, total installed capacity 9,750 MVA,;
- 220/H kV/KkV - 13, total installed capacity 5,343 MVA,;
- 110/H kV/KV - 3, total installed capacity 303.5 MVA and

4) Distribution plants (DP) a total of 8, by voltage levels, as follows:
-400 kV - 4;

- 220 kV -1,

- 110 kV - 4. (Energy Agency of the Republic of Serbia, 2017, p.8)

Cluster bombs targeted overhead lines, transformer stations and
switchyards.

The electric power system of the FR of Yugoslavia was targeted with
cluster air bombs with BLU-114/B bomblets from the beginning to the end
of May 1999:

- May 2, 1999, at 9.45 pm, the substations TS 400/200 kV
"Obrenovac”, TS 220/35 kV "Bajina Basta", TS 2400/220/110kV "Nis",
TS 400/220/110kV "Novi Sad" and distribution plant RP 400kV "Drmno".

- May 7, 1999, at 9.21 pm, the substations TS 400/220 kV "Belgrade
8", TS 220/110 kV "Belgrade 5", TS 400/220 kV "Obrenovac" and TS
220/110 "Belgrade 3".
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- May 13, at 10.40 pm, distribution plants RP 400 kV "Drmno" and
RP 10/35 kV TPP "Kolubara" and the substations TS 400/220/110 kV
"Nis 2", TS 400 and 110 kV "Novi Sad 3".

- May 22, at 2.18 p.m, the substations TS 400/220 kV "Drmno", TS
400/220 kV "Belgrade 8", TS 400/220/110 kV "Ni§ 2", TS 220/35 kV
"Bajina Basta" and the plant 110 kV TPP "Kostolac A". (Dveri srpske,
pp.68-69)

Due to a small mass of fibers, winds occasionally carried conductive
fibers from uncleaned parts of facilities and their surrounding areas,
which then fell on the already cleaned parts of the electrical system and
short circuits and power outages occurred repeatedly.

Engineers from the Military Technical Institute with colleagues from
the Faculty of Technology and Metallurgy in Belgrade successfully solved
the lifting of conductive fibers from the ground, using a certain procedure,
by which thin threads were glued to the ground and there was no
possibility for their re-lifting.

Their lifting into the air and causing short circuits again was thus
prevented. When the enemy realized that Serbian electric power grid
workers were successfully repairing the damage from conductive fibers
and that there was practically no damage to the electric power system,
they started firing HE bombs at transformer stations. This resulted in
subsequent soil contamination, because transformer oil leaked from the
hit transformer stations and went into the water and into the soil
(Andelkovic¢-Luki¢, 2015, p.104).

How the CBU-102/B cluster bomb works

The CBU-102/B cluster bomb has a timer fuze with an altimeter
which at a given height from the ground activates a detonation blade that
cuts off the front and the rear of the bomb with the stabilizer, and the
container is cut along its length to three parts at an angle of 120° (Figure
1) thus releasing cluster bomblets under the action of air current and
centrifugal force. Spools are made of silicon fiber covered with a
molecular layer of aluminum probably applied by a special process,
evaporation under vacuum, or by a nanotechnological process.
(Andelkovi¢-Luki¢, 2015, p.55)
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Figure 1 — Parts of an activated CBU-102/B cluster bomb (in Figures 1 and 2, inactivated
BLU-114/B bomblets are marked with the arrows) (Serbian Armed Forces, 1999)
Puc. 1 — Hacmu akmusupoeaHHoU kaccemHol 6ombbl CBU-102/B (Ha pucyHkax 1 u 2
cmpersikamu ommeYeHbl HeakmugupogaHHblie 6ombbi BLU-114/B) (Serbian Armed
Forces, 1999)

Cnuka 1 — [enosu akmusupaHe kacemHe 6ombe CBU-102/B (Ha cnukama 1 u 2
cmpenuyama cy obenexeHe HeakmusupaHe bombuue BLU-114/B) (Serbian Armed
Forces, 1999)

Figure 2 — Content of the BLU-114/B cluster bomblet (Serbian Armed Forces, 1999)
Puc. 2 — CodepxaHue kaccemHoti 6ombel BLU-114/B (Serbian Armed Forces, 1999)
Cnuka 2 — Cadpxaj kacemHe 6ombuue BLU-114/B (Serbian Armed Forces, 1999)
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Table 1 shows the technical characteristics of the CBU-102/B cluster
bomb, and Figure 3 shows the arrangement of spools in the cluster
bomblet shell, top view.

Table 1 — Technical characteristics of the CBU-102/B cluster air bomb
Tabnuua 1 — TexHu4Yeckue xapakmepucmuku kaccemHou asuayuoHol 6ombbi CBU-
102/B
Tabena 1 — TexHU4YKe Kapakmepucmuke kacemHe asuo-bombe CBU-102/B

Purpose and the name CBU-102/B cluster air bomb for disabling
electric power facilities

Total weight 340 kg

Charge BLU-114/B bomblets (202 pieces,
individual weight of about 1 kg)

Dimensions of the BLU-114/B bomblet Length 16.7 cm, diameter 6.7 cm

Number of spools 147 pieces

Weight of a spool 2g

Length of a filament in a spool 150 m

Material Glass fibers with aluminum coating

Manufacturer USA

CBU-102/B cluster bombs are carried by F-117 aircraft and
manufactured in the USA (Jeler & Roman, 2016, pp.13-18).

r

P — 4
Figure 3 — Arrangement of spools in the bomblet, top view (Serbian Armed Forces, 1999)
Puc. 3 — PacrnionoxeHue kamywek 8 6ombe manozo kanubpa, sud ceepxy (Serbian
Armed Forces, 1999)
Cniuka 3 — Pacrioped kanemosa y bombuuyu, usaned ca copwe cmpaHe (Serbian Armed
Forces, 1999)
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Figure 4 shows an open bomblet and a mechanism for opening the
shell.

Figure 4 — Parts of an open cluster bomblet with spools and an ejection mechanism
(Serbian Armed Forces, 1999)
Puc. 4 — HYacmu omkpbimol Kkaccembl ¢ KamywkKamMu U MexaHU3MOM 8blbpachieaHusi
(Serbian Armed Forces, 1999)
Cnuka 4 — [Jenosu omeopeHe kacemHe 6ombuue ca karnemosuma u usbayHum
mexaHusmowm (Serbian Armed Forces, 1999)

After being dispersed from bomblets, spools unwind and conductive
filaments fall on high-voltage lines of the power system and form
electrically conductive lines which cause short circuits and electrical
discharges. Unwound filaments have a length of about 150 m, and while
they fall, they unwind into a number of thinner ones creating a net at the
point of impact, covering large areas. Such a net has higher strength
than individual filaments. Figure 5 shows unwound electrically conductive
filaments on transmission lines.

A short circuit is accompanied by filament evaporation, ionization of
the air and the formation of an intensive current flow between the wires of
the transmission line, i.e. the appearance of electric arcs, with
accompanying manifestations: temperatures above 4000°C and strong
flashes of whitish light. Not only does the power system break down, but
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also high temperatures can cause fires and explosions. (Andelkovié-
Luki¢, 2015, p.58).

Figure 5 — Electrically conductive filaments on power transmission lines
(Serbian Armed Forces, 1999)
Puc. 5 — Snekmponposodsiujue 80/10KHa Ha NTUHUSIX arekmpornepedadyu
(Serbian Armed Forces, 1999)
Cnuka 5 — Enekmponpoegodsbusa enakHa Ha Oasiekoeoouma
(Serbian Armed Forces, 1999)

Characterization of electrically conductive fibers

In order to characterize electrically conductive fibers, a qualitative
XRF analysis, a (DTA/TG) analysis and a chemical quantitative analysis
were performed. The analyses were performed at the Institute for
Technology of Nuclear and Other Mineral Resources in Belgrade and
represent the first test for the Commission for Investigating the
Consequences of NATO Bombing in 1999, formed by a Government
decision in June 2018.

The analysis sample was taken from one spool from an inactivated

BLU-114/B cluster bomblet. Figure 6 shows a spool sample for a fiber
analysis.
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Figure 6 — Samples for the analysis — a separate spool of fibers from a
cluster bomblet (Serbian Armed Forces, 1999)
Puc. 6 — Obpasupbl 0nsi aHanu3a — usgredyeHHasi u3 kaccemHoli 60Mbbl 8B0IOKOHHas!
kamywka (Serbian Armed Forces, 1999)
Cniuka 6 — Y3opuyu 3a aHanusy — us0eojeH HaMomayj efiakaHa u3 kacemHe 6ombuue
(Serbian Armed Forces, 1999)

Figure 7 shows a BLU-114/B fiber magnified on a binocular
microscope.

Figure 7 — External appearance of a conductive fiber from the BLU-114/B, magnified on a
binocular microscope (size - 1 mm) (Serbian Armed Forces, 1999)
Puc. 7 — Bud nposodsujeco sornokHa u3 BLU-114/B, ysenuyeHHbIl no0 6UHOKYNAPHLIM
Mukpockoriom (paamep - 1 mm) (Serbian Armed Forces, 1999)
Cnuka 7 — CriorbHU u3aned npogodrbueoe enakHa u3 BLU-114/B, yeehaH Ha
OUHOKYnapHOM MUKpockory (pa3mepa : 1 mm) (Serbian Armed Forces, 1999)
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The qualitative XRF analysis was performed on the XRF-MiniPal,
PANalytical spectrometer, and the XRF spectrum of the fibers is shown
in Figure 8 (the energy in KeV is represented on the x-axis, and the
relative intensity of the peak on the y-axis).

The spectrum was recorded using a sodium filter that reduces the
intensity of interfering lines and background noise. The XRF analysis
aimed at qualitative detection of the present elements, which was
confirmed by a quantitative chemical analysis. The semi-quantitative XRF
analysis determined the content of gallium (0.007%), the peak of which
was detected on the spectrum. Gallium nitride is a material that can be
used as a semiconductor.
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Figure 8 — XRF spectrum of a conductive fiber (with a sodium filter)
Puc. 8 — PenmeeHogyopecueHmHbIl criekmp rnpogoda (C HampuesbiM huribmpom)
Cnuka 8 — XRF criekmap rpoeodrbugoe 8rakHa (ca HampujyMcKum ¢urmepom)

The chemical analysis was performed on the atomic absorption
spectrophotometer Analyst 300, Perkin Elmer (Table 2). The sample was
dissolved in HCI (1: 1) and the insoluble residue was alkaline.
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Table 2 — Chemical analysis of the sample of conductive fibers from the BLU-114/B
bomblet
Tabnuua 2 — Xumudeckull aHanu3 obpa3sua rnposodsiLiux 80/10KoH U3 6ombsl BLU-114/B
Tabena 2 — Xemujcka aHarnu3a y3opKa rnpogsodsrbusux enakaHa us bombuye BLU-114/B

Element | Al SiO, CaO MgO Fe, O3 Na,O K20 TiO»
% 51.400 | 31.640 | 13.260 | 1.606 0.495 1.132 | 0.104 0.329

Element | Pb Zn Cu Cd Cr Ga Ni MnO
% 0.029 0.015 0.006 <0.001 | 0.002 0.007 | <0.001 | 0.003

Based on the chemical analysis of the conductive fibers, it is
concluded that these are glass fibers coated with aluminum, which is in
accordance with the literature data. Fang et al. (2010), write about the
usage of ordnance with conductive fibers/flaments which can consist of
carbon filaments or glass filaments with metal coating.

Filaments have a characteristic of creating a compulsively sequential
arc that leads to a short circuit in the contact between two electrical
phases or the phase and the ground.

The sum of all determined inorganic oxides that are part of the glass
fiber is 48.5686%, the content of heavy metals (Pb, Zn, Cu, Cd, Ni) is
0.0522%, the content of Ga 0.0074% and the content of aluminum is
51.400%. The analysis of the acid-soluble part of the fiber detected all
elements except Si which remained in the insoluble residue and after
melting was transferred to the solution. This information is important from
the point of view of the solubility of aluminum and its potential harmful
effect on soil contamination and inclusion in the food chain.

The device for a thermal (DTA/TG) analysis is NETZCH STA 409 EP
(operating range of 20-1000 °C, with a heating rate of AT = 10 °C/min).
The experiments were performed in an air atmosphere. The differential
thermal analysis, DTA, (Figure 9) indicates an endothermic peak at
659 °C, which corresponds to the melting point of aluminum, which
according to the literature is 660.3 °C. The TGA, thermogravimetric
analysis, indicates that there was no change in mass. The TGA of the
sample resulted in melting of the metal without loss of mass.
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Figure 9 — Thermal analysis (DTA/TG) of a sample of conductive fibers
Puc. 9 — Tepmuueckut aHanu3s (QTA/TI) obpa3sya nposodsiuyux 80510KOH
Cnuka 9 — Tepmujcka aHanu3sa (DTA/TG) y3opka npoesodrbusux ernakaHa

This is obviously a non-toxic sample that is about 50% of silicate
origin.

Ecological aspects of the impact of aluminum on
arable land

Aluminum makes up 51.40% of the fiber sample (Table 2). lIts
presence in the soil can cause the decline in soil fertility, which leads to
the reduction in the vyield of cultivated crops. The phyto-toxicity of
aluminum in acidic soils has been the subject of numerous studies in the
country and in the world. It is known that the harmful effects of aluminum
depend on its concentration and form, the pH value, organic and
inorganic ligands in the solution, the ionic strength, and the plant
genotype. Aluminum binds strongly to phosphates, sulfates, and silicates,
and its desorption from negatively charged soil colloids is difficult, given
the highly positive charge (Mrvic et al, 2012, pp.257-262).
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Hydrogen and aluminum cations are responsible for soil acidity.
Below pH 6, the substitution acidity of the soil, aluminum is the main
source of H + ions, due to the dissociation of Al from clay minerals.
Aluminum becomes more soluble at lower pH values. Very acidic soils
with the pH value below 4 are not suitable for agricultural production.
Leachate from acid soils can contain substances, especially aluminum,
which have a detrimental effect on the quality of surface water and
groundwater and a negative effect on plants, animals, especially fish in
watercourses and lakes. Research in recent decades indicates the
harmful effect of Al on human health, with an emphasis on its role in
Alzheimer's disease. (Rondeau et al, 2000, pp.59-66)

Conclusion

During the aggression on FR Yugoslavia in 1999, CBU-102/B cluster
bombs with BLU-114/B bomblets filled with electrically conductive fibers
were dropped on electric power facilities of FR Yugoslavia. Cluster
bombs with high-explosive bomblets targeted civilian objects such as
residential buildings, hospitals, schools, etc.

The qualitative XRF analysis of conductive fibers from BLU-114/B
bomblets was performed on an XRF-MiniPal spectrometer, PANalytical.
Spectrum recording was done using a sodium filter that reduces the
intensity of interfering lines and background noise. The XRF analysis
aimed at qualitative detection of the present elements, which was
confirmed by a quantitative chemical analysis. The semi-quantitative XRF
analysis determined the content of gallium (0.007%), the peak of which
was detected on the spectrum. Gallium nitride is a material that can be
used as a semiconductor.

Based on the chemical analysis of the conductive fibers, it is
concluded that they are glass fibers with aluminum coating, which is in
accordance with the literature data (Fang et al, 2010).

The differential thermal analysis (DTA) indicates an endothermic
peak at 659 °C, which corresponds to the melting point of aluminum,
which is, according to literature data, 660.3 ° C.

It is obvious that this is a sample that is about 50% of silicate origin,
non-toxic in nature, and with the content of heavy metals in traces, which
is important from the point of view of environmental protection.

The rest of the sample consists of aluminum, the presence of which
in the soil can cause the decline in soil fertility, resulting in a lower yield
of cultivated crops. The phyto-toxicity of aluminum in acidic soils has
been the subject of numerous studies in the country and in the world.
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Unfortunately, no study has been done after the aggression to
determine the degree of degradation, i.e. decline in soil fertility due to
residual electrically conductive fibers near the affected electric power
facilities by analysing the content of accessible forms of aluminum, as
forms that are easily adsorbed in plant organs and included in the food
chain.
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AJIEKTPOIMPOBOOALUNE BONOKHA B KACCETHbBIX BOMBAX,
CBPOLWEHHBIX HA OB BLEKTbI QNEKTPO3HEPIETUYECKOW
CUNCTEMbI COKO3HOW PECIYBINWKW FOTOCNABUA B 1999 roay

MupbsiHa H. Anmkenkosud-Tlyknu®, koppecnonaeHT, MupbsHa [. CrosiHoBnY®

@ BOEHHO-TEXHUYECKUIA MHCTUTYT, T. Benrpaa, Pecnybnvka Cepbus;
MpaButenbctBo Pecnybnukmn Cepbus, MexXxBeJOMCTBEHHbI
KOOpAMHaLMOHHbIV opraH, r. benrpag, Pecnybnuka Cepbusi

® IHCTUTYT TEXHOMOTUIt SIAEPHBIX W APYIUX MUHEPATbHBIX PECYPCOB,
r. benrpag, Pecnybnuka Cepbus

PYBPUKA TPHTW: 78.00.00 BOEHHOE LEJIO;

78.25.12 Xvmuyeckoe, buonornyeckoe 1 3axuratenbHoe
opyxue. BoopyxeHus n cpeactea
pagnaumMoHHONM, XMMMYeckon n bruonornyeckom
3aLluThI,

61.00.00 XUMNYECKAA TEXHONIOIMA. XUMNYECKAA
NMPOMBbIWWIEHHOCTb;

61.01.94 OxpaHa okpyxatLen cpeabl

BWO CTATbW: opurmHansHas Hay4Has ctaTbs

Pe3swome:

BeedeHue/uernb: B cmambe npedcmasneH crocob
yHKUUOHUpO8aHusi KaccemHol 6ombsbi CBU-102(V) 2/B, maccol
okorno 340 ke, codepxawel 6ombbl Manoz2o Kanubpa ¢
3/16KMPONPO8OOSLLLUMU 80/I0KHaMU, KOMOpbIl 6bifl npuMeHeH Ons
8bI8e0eHUS U3 CMPOSs 351eKmpocmaHyudl.

Memodbi: B xode uccnedosaHusi 6bini 6bINONHEH busudeckul u
XUMUYecKkul aHasu3 80JI0KOH. [ns onpedenieHUsi xapakmepucmuk
B0JIOKHa UCMOb308asuchk credyrwue memoobl: OUHOKYSPHbIU
MUKpocKon Oris orpedesieHUsi MoJsiUuUHbl 80/I0KHA U Ka4yeCmeeHHbIU
PEeHmMaeHoyopecyeHmMHbIU aHanus, 8bIMOJTHEHHBIU Ha
criekmpomempe XRF-MiniPal, PANalytical.
PeHmeeHOQyopecueHmHbIU aHanu3 Obisl  8bIMOSIHEH C  UEsbio
Ka4ecmeeHHO20  ObHapyXeHus  MpuUCymcmeywux 371eMeHmos,
Komopoe 6bi10  NoOMeEepKOEeHO KOIUYECMBEHHbIM  XUMUYECKUM
aHasu3om.

Pesynbmamesi:  [NonykonudecmeeHHbIl  peHmaeHogh1yopecyeHmHbIU
aHanus ebisieun codepxaHue eamnnus (0,007%), nuk komopozo Obin
OBHapyxeH Ha crnekmpe. Humpud eannus sensemcs mamepuariom,
KOmopbIU  MOXHO  UCMO/b308amb 8 Kayecmee  [10s1yrnpo8OOHUKA.
Xumudeckuli aHanus rnposoousu ¢ rnoMoWbK amoMHO-abcopbyUoOHHO20
criekmpogpomomempa Analyst 300, Perkin Elmer.

Bbigodbi: Npubop 0nsa dughgbepeHuuanbHOo20 mepMUYeCcKo2o aHau3a
u mepmoepasumempuu (AQTA/TT), NETZCH STA 409 EP (pabouuti
OQuarna3oH om 20 ° C 8o 1000 ° C), nodmeepdus, ymo obpasey
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codepxan 50% HEmMOKCU4YHO20 cusiukama U crelbl MmsKesbixX
memarnnos. OcmarnbHass 4Yacmb obpa3ya codepxana asroMuHul,
fipucymcmeue Komopo20 8 [1048e MOXem 6bi38amb CHUXEHUe
rnnodopodusi roysbl, YMO Kak credcmeue npueodum K CHUXEHUI
ypoxatHocmu.

Knwyeseble crnosa: xumu4yeckass eoliHa, KaccemHass  6owmba,
3/1eKMporposodsiLiUEe BOTOKHA, SHEPeemuYecKasl cucmema, XUMu4eckul
aHasu3, mepMoxXuMu4YecKuli aHanus, cusukam, amoMuHul, eosdelicmeaue
Ha OKpyxarowyro cpedy, ro4Yea, CHLXKeHUe 71000p0o0Us], CHLXKEHUE
ypoxatiHocmu.

ENEKTPOIMPOBOAJBMBA BNAKHA Y KACETULIAMA BEOMBU
KOJMMA JE HANAOHYT ENNEKTPOEHEPIETCKN CUCTEM CP
JYIT'OCNABWJE 1999. TOONHE

Mupjana H. AnRenkosuh Jlyknh®, ayTop 3a npenucky, Mupjaxa [. CTOjaHOBVIﬁ6
@ BojHOTeXHWYKM MHCTUTYT, Beorpaa, Peny6nuka Cpbuja;

Bnapa Penybnuke Cpbuje, MehypecopHoO koopaAnHaLMOHO Teno,

Beorpag, Penybnuka Cpbuja

® IHCTUTYT 3a TEXHOMOMWjy HyKIeapHUX 1 APYrX MUHEpPanHUX CUPOBHUHA,
Beorpag, Penybnuka Cpbuja

OBNACT: xemujcke TexHomnorunje
BPCTA YJ1IAHKA: opurMHannim Hay4Hu pag

Caxemak:

Yeod/uyurb: Y pady je npukasaH Ha4uH OyHKUUOHUCara kacemHe bombe
CBU-102(V) 2/B, mace oko 340 kg, y kojoj ce Hamase bombuue ca
e/1eKmpornpoeod/bUsUM  8r1akHUMa KojuMa Ccy OHecriocobrbasaHa
efleKmpoeHepaemcKa rnocmpojersa.

Memode: UsepweHe cy pusudyke U Xxemujcke aHasuse enakHa. 3a
aHanuszy enakaHa kopuwheHe cy cnedehe memode ucnumueara:
OUHOKYniapHU ~ MUKpockornl  3a  oOpefjusarbe  OebrbuHE  6r1aKkHa,
keanumamueHa XRF aHanu3sa ypafieHa Ha criekmpomempy XRF-MiniPal
u PANalytical. Lurs XRF ananuse 6uo je O0a ce  keanumamueHO
OemeKkmyjy  npucymHu  efieMeHmu, wmo je romepheHo U
K8aHMUMamMUBHOM XEMUJCKOM aHarlu30M.

Pesynmamu: CemukeaHmumamueHom XRF ananusom odpeheH je
cadpxaj eanujyma (0,007%), 4uju je nuk OdemekmoeaH Ha CrieKmpy.
lanujym-HUmpud je Mamepujari Koju ce MOXe Kopucmumu Kao
nonynpogodHuK. Xemujcka aHanusa ypaheHa je Ha amoMCKO-
abcopnyuoHom criekmpogbomomempy Analyst 300, Perkin Elmer.

Sakrbyyvak: Ha ypehajy 3a OucbepeHyujarnHo-mepMujcKy aHanusy u
mepmoepasumempujy (LTA/TT), NETZCH STA 409 EP (onceez pada
20-1000°C), nomepheHo je da ce padu O y30pKy Koju je oko 50%
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CcusnuKkamHoe ropekxsia, HemoKCU4YHO2 Kapakmepa, ca cadpxajeM meuwKux
mMemana y mpazosuma. Ocmamak y30pKa YUHU amyMuHujym 4duje
fpucycmeo y 3eMsbulUMy Moxe 0a ymu4ye Ha cMar-eHe MIodHoCmU,
wmo 0oeo0u 00 cMaH-eHa NpuUHoOca 2ajeHuUx Kyrmypa.

KrbyqHe pedu: xemujcku pam, kacemHa bomba, eriekmporposodrbuea
e/laKHa, €eHEepa2emcKu CcucmeM, XeMujcka aHanusa, mepmMoxemujcka
aHanusa, cunukam, anyMUHUjyM, €KOJIOWKU ymuuaj, 3emrbulime,
CMar-eH-e MII0OHOCMU, CMak-eHe MpUHoca.

Paper received on / Jata nonyyeHus pabotel / flatym npujema ynaxka: 24.06.2020.
Manuscript corrections submitted on / lata nony4eHus ucnpaeneHHo Bepcumn paboTbl /
Hatym goctaBrbana ncnpasku pykonuca: 17.07.2020.

Paper accepted for publishingon / [lata okoH4YaTensHOro cornacosanusi pabotsl / latym
KOHaYHOT NpuxBaTaka YnaHka 3a objaBrbmBare: 18.07.2020.

© 2020 The Authors. Published by Vojnotehnicki glasnik / Military Technical Courier
(www.vtg.mod.gov.rs, BTr.mo.ynp.cp6). This article is an open access article distributed under the
terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/rs/).

© 2020 AsTopbl. OnybnukoBaHo B «BoeHHo-TexHu4eckuii BecTHUK / Vojnotehnicki glasnik / Military
Technical Courier» (www.vtg.mod.gov.rs, BTr.mM0.ynp.cp6). [lJaHHasi cTaTbsi B OTKPLITOM AOCTyNe 1
pacnpocTpaHaeTcs B COOTBETCTBUM C nueH3nen «Creative Commons»
(http://creativecommons.org/licenses/by/3.0/rs/).

© 2020 Aytopu. O6jaBuno BojHoTexHuukm rnacHuk / Vojnotehnickiglasnik / MilitaryTechnical Courier
(www.vtg.mod.gov.rs, BTr.mo0.ynp.cp6). OBo je 4naHak OTBOpeHOr nNpuctyna n auctpubyupa ce y
ckragy ca Creative Commons licencom (http://creativecommons.org/licenses/by/3.0/rs/).

571

Andelkovié-Luki¢, M. et al, Electrically conductive fibers in cluster bomblets which targeted the electric power system of FR Yugoslavia in 1999, pp.554-571



€" VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2020, Vol. 68, Issue 3

MODULATION TRANSFER FUNCTION IN
THE ANALYSIS OF ELECTRO-OPTICAL
SYSTEM PERFORMANCE

Nedeljko S. Paden?, Dragana B. Peri¢®,
Branko G. Livada®, Milan M. Milosavljevié®
& Vlatacom Institute, Belgrade, Republic of Serbia;
Singidunum University, Department for Electrical Engineering and
Computing, Belgrade, Republic of Serbia,
e-mail: nedeljko.padjen@vlatacom.com, corresponding author,
ORCIDID: ““https://orcid.org/0000-0002-5556-7552
® Vlatacom Institute, Belgrade, Republic of Serbia,
e-mail: dragana.peric@vlatacom.com,
ORCIDID: ““https://orcid.org/0000-0002-2556-8212
“Vlatacom Institute, Belgrade, Republic of Serbia,
e-mail: branko.livada@vlatacom.com,
ORCIDID: “https://orcid.org/0000-0002-7257-4842
b Singidunum University, Department for Electrical Engineering and
Computing, Belgrade, Republic of Serbia,
e-mail: mmilosavljevic@singidunum.ac.rs,
ORCIDID: “https://orcid.org/0000-0001-9630-804X

DOI: 10.5937/vojtehg68-26985; https://doi.org/10.5937/vojtehg68-26985

FIELD: Electro-optics, Electronics, Mathematics
ARTICLE TYPE: Original scientific paper

Abstract:

Introduction/purpose: The Modulation Transfer Function (MTF) is a useful
fool for an imaging system performance analysis. It is used in Electro-
Optical (EQ) system design, verification of targeted system parameters,
but also in optimization tasks for systems under test. This methodology
based on the linear systems theory allows the performance analysis of
complicated EO systems to be divided into subsystems. In this paper, the
MTF methodology will be presented and explained, followed by the
measurements performed in the electro-optical laboratory. The MTF
measurements were performed on three types of cameras in different
spectral bands, after which the results were compared to the model
expectations and theoretical limits for the imaging system. For one of the
sensors, the limiting frequency was also measured using the USAF 1951
test target which allowed the comparison between the methods.

NOTE: The previous version of this paper was presented at Sinteza 2019
International Scientific Conference on Information Technology and Data Related
Research (Paden, 2019).
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Methods: Laboratory measurements and theoretical mathematical
calculations.

Results: Based on the laboratory and theoretical results, the measurement
results were further analyzed.

Conclusion: The measurements have proven that the calculated cutoff
frequency and the MTF curve represent the limit for the real measured
system performance. Therefore, this study has confirmed that the MTF
can be convenient for finding system limitations and bottlenecks and for
increasing the overall performance of the system.

Key words: MTF-Modulation Transfer Function, USAF 1951 test,
electro-optics.

Introduction

Border security in the modern society has become an increasingly
important task for countries in order to prevent illegal immigration,
smuggling and cross-border criminal, but also to answer to the recent
needs for border lockdowns due to the pandemic health crisis (McDaniel
et al, 2006), (Dufour, 2013). As borders are vast, usually not easily
accessible areas, the task of their protection requires centralized control
and integration of various types of sensors such as radars, cameras,
motion sensors, and unmanned aerial vehicles. One of the key roles in
these systems is the one of Multi-Sensor Imaging Systems (MSIS) which
are sets of different sensors covering the visible spectral band (Holst,
2008) - VIS (0.4-0.7 um), but also the Near Infrared — NIR (0.7-1.1 pm),
Shortwave Infrared - SWIR (1.1-2.5 ym), Midwave Infrared — MWIR (2.5-
7 um) and Longwave Infrared - LWIR (7-15 ym) ones. The goal of these
systems is to provide all-day, all-weather visibility, which is achieved by
integrating high quality detectors working in different spectral bands and
powerful lenses, for long range and high resolution systems (Peri¢ et al,
2019). Based on their main role in the system, MSIS can be designed for
various tasks such as detection, recognition, and identification of different
type of objects (vehicles, trucks, pedestrians, etc.).

This paper will analyze one such multi-sensor imaging system
consisting of a visible camera, an SWIR and an MWIR camera with
lenses whose specifications will be listed in Chapter 5 of this paper. The
performance assessment of this system was done in an electro-optical
laboratory by measuring the system Modulation Transfer Function and,
for one of the sensors, the resolution using the USAF 1951 resolution
test chart.
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In Chapter 2, we will describe the basics of the electro-optical (EO)
imaging system performance and its main models. Chapter 3 gives an
overview of the theory behind the MTF analysis and its contribution in the
overall performance analysis of one imaging system, followed by Chapter
4 where the methodology uncertainties and biases are listed.

The laboratory environment, the equipment used for the
measurements and the procedures and methods used in this process are
described in Chapter 5.

Chapter 6 presents the measurement results for all three sensors
and discusses them in relation to the theoretical expectation.

The alternative measurement of system limiting resolution is
presented in Chapter 7.

The real-environment outdoor camera performance is presented in
Chapter 8 where the system potential to perform detection, recognition
and identification of objects is tested on the scene 12 km far from the EO
system position.

Finally, the last chapter offers the conclusions on the conducted
testing and proposes some possible guidelines for further optimization of
electro-optical imaging systems.

Electro-optical imaging system performance

The analysis of the electro-optical imaging system performance is a
complex process that must cross-reference the results and information
gathered in different environments, as depicted in Figure 1.

Besides the necessity of taking measurements/predictions in various
environments, one must take into consideration all the elements of the
system, from the scene, to the observer (Holst, 2008).

Figure 2 depicts one such system, and the elemets which are
affecting the creation of an image to be presented to the observer.
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Field — Mission scenario
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t Absorption
Scattering
Meteorological conditions
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Laboratory measurements
v = Imager Parameter Models
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Figure 1 — Relationship between different system predictions and measurements, for an
infrared imager (Peric¢ et al, 2019)
Puc. 1 — OmHoweHuemex0y pa3nuyHbIMU rpo2Ho3amMu U U3MePEHUSIMU cUCMeMbIOns
UHepakpacHoli momoepacpuu (Peric et al, 2019)
Cnuka 1 — O0Hoc usmeljy paznudumux npedukyuja u Mepera cucmema 3a
uHbpaupseHy kamepy (Peric et al, 2019)

E-O System E-O System

Jnterv'ét:i'n‘&m
Scene
atmosphere Lens Image sensor
B
W N N
Electronics

Observer Display Signal processing

Figure 2 — Electro-optical imaging chain
Puc. 2 — Gnekmpoornimuyeckas uernoyka usobpaxeHuu
Cnuka 2 — Enekmpoonmuyku naHay, criuke
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The major elements that contribute to the resulting image quality are
the following (Holst, 2008):

The scene content - target and background characteristics,
clutter, motion

Intervening atmosphere - rain, haze/fog, transmittance, dust
Electro-optical system — Lens and Sensor system - Minimum
Resolvable Temperature Difference (for infrared systems),
Minimum Resolvable Contrast (for visible systems), resolution,
sensitivity, noise,

Electronics — Signal processing

Display - distance to the observer, luminance, contrast, and
finally,

Observer - his experience, fatigue, training, and workload.

In order to relate these various measurable system design
parameters with their operational performance, different models were
developed and used. Three levels of models are best answering to these
requirements (Shumaker & Wood, 1988), (Fiete, 2010):

Component/phenomenology models — These models find the
MTF of the whole system (MTFSYS) by finding the MTF of
individual components, listed in the paragraph above. The
MTFSYS is then used as an input parameter for the next-level
system modeling;

System performance models — Built on component models, they
describe the total system performance for some controlled
tasks;

Operational models — These models focus only on the overall
operational system functionality, where they are used to
calculate detection, recognition and identification ranges of the
whole system.

The focus of our analysis will be limited to the component model,
where the Modulation Transfer Function will be used to describe the
signal transfer characteristics of the whole system, and of some of its
subsystems.

The MTF methodology and its main characteristics as well as
limitations are described in more detail in the following two chapters.
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MTF analysis

The MTF analysis is one of the primary parameters used in electro-
optical system design, sub-system specification and performance
analysis (Holst, 2011).

This methodology carries out the analysis of the total impulse
response of the system from the spatial (time) domain to the frequency
domain by the means of Fourier analysis. The benefit of this is the
replacement of the complex time domain mathematics, involving two-
dimensional convolutions, with much simpler multiplications between
elements (Boreman, 2001).

The imaging channel response is described by the Optical Transfer
Function (OTF), where the Modulation Transfer Function represents the
modulus of OTF, i.e. the magnitude response of our optical system to the
sinusoidal input signals of various frequencies.

The MTF analysis is applicable only for linear shift invariant (LSI)
systems which should modify only amplitude and phase of the target
(Holst, 2011). In order to achieve this, four conditions must be met: 1.
signal processing is linear; 2. the radiation is incoherent; 3. the image is
spatially invariant; and 4. the system mapping is single valued. While
these conditions are generally not fulfilled, especially on a microscale,
the MTF analysis is a very useful tool in a system performance analysis
and comparison and, as such, very much in use in the system design
and choice of adequate optical elements (Peri¢ et al, 2018).

The MTF methodology connects two important aspects of the image
— its modulation depth (or contrast) and resolution - through the concept
of spatial frequency.

The modulation depth is actually a measure of visibility of an image.
The finite-size impulse response of the electro-optical system (i.e. not the
delta function) decreases the modulation depth of the image, compared
to that one of the object (Daniels, 2018).

In image processing applications, a system performance is often
described in terms of spatial frequency, defined in the number of line
pairs per mm (or cycles per mm, or cycles per miliradian), where one
line pair (or one cycle) represents the closest spacing of black and white
bars that can be resolved by the system.

Figure 3 presents the USAF 1951 resolution test chart which is one
of the most commonly used targets for evaluating system spatial
frequency (United States Department of Defense, 1950). The basis of the
chart is a group of three vertical and three horizontal lines organized by
groups and elements. A higher group/element number gives a higher
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number of black and white line-pairs per millimeter, i.e. higher spatial
fregency. The chart clearly shows that by increasing spatial frequency
(increasing the number of black and white line-pairs per millimeter, noted
with a higher group/element number in the figure), it becomes more
difficult to distinguish the lines.

Group Number

B III ] m
III_2

III =1 Illlllgi

=M uE

Element Number 4_“| 2§ =s
S=1

E o= m=6
s=m ="
USAF 1951 1X

Figure 3 — USAF 1951 resolution test chart, where the group of bars with ahigher
group/element number have higher spatial frequencies
Puc. 3 — Tecmosas uenb BBC CLUA 1951 2oda, 20e epynna nuHul ¢ 601bWUM YUCTIOM
epynn / anemeHmo8 umeem 60Js1ee 8bICOKYIO MPOCMPaHCMBEHHYIO Yacmomy
Cnuka 3 — TecmHa mema YCA® 1951, 20e epyna nuHuja ca eehum 6pojem
2pyne/enemeHama uma eehy npocmopHy hpekseHyujy

The concept of spatial frequency will be additionally explained later
in the document, where the system resolution will be evaluated by using
the USAF 1951 test chart.

The following figure depicts how the increase of spatial frequency of
the object (the upper graph) affects the modulation depth of the image
(middle graph), resulting in the degradation of the MTF function (lower

graph).
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Figure 4 — MTF as a function of spatial frequency (Boreman, 2001)
Puc. 4 — MTF kak ¢byHKyusi npocmpaHcmeeHHol Yacmomsi (Boreman, 2001)
Cnuka 4 — MTF kao ¢byHkyuja npocmopHe yd4ecmaHocmu (Boreman, 2001)

To summarize, by moving to the spectral domain, instead of
convoluting the independent impulse responses of the system
components, we will simply multiply their separately calculated MTFs,
resulting in the overall system modulation transfer function (MTFSYS).
Figure 5 illustrates typical MTF shapes of some of the system
components. The x-axis, noted with &, represents normalized spatial
frequency, i.e. spatial frequency divided with cutoff frequency (detector,
or optical cutoff, depending on the type of the system, as explained in
Table 1 of this paper).

The MTFs presented in Figure 5 do not conclude the list of the
elements affecting the final shape of the MTF system graph, where jitter,
defocus and noise also influence the final result. The more components
are analysed, the better result (result closer to real measurements) will
be achieved. As a rule of thumb, it can be considered that the quality of
the optical system is better if the area below the curve is greater.
Nonetheless, there is no ultimate way to evaluate which MTF shape is
the best (Boreman, 2001), due to non-linearity of the human eye which
does the task of reconstruction filtering.
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Figure 5 — System MTF as a result of components MTFs, where & denotes normalized
spatial frequency (Boreman, 2001)
Puc. 5 — Cucmema MTF kakpesysnbmam komrnoHeHmos MTF, 20e £ o603Hayaem
OMHOCUMesbHY MPocmpaHcmeeHHyro Yyacmomy (Boreman, 2001)
Cnuka 5 — Cucmem MTF kao pesynmam MTF-a nojeOuHaqyHux KomrnoHeHmu, 20e &
o3Hayasa peflamusHy rpocmopHy y4yecmaHocm (Boreman, 2001)

The parameter that uniquely defines the shape of the electro-optical
system modulation transfer function is given by the expression F4A/d,
where F; is the focal ratio (F-number), A is the wavelength, and d is the
detector size (Holst, 2011).

The following table gives the relation between the value of the
expression and its representation in the spatial and frequency domain.

Table 1 — Optics-limited versus detector-limited system performance (Holst, 2011)
Tabnuuya 1 — Onmuko-ogpaHu4yeHHas 3¢bgheKmueHOCMb CUCMEeMbl [0 CPAaBHEHUo C
demexkmopom (Holst, 2011)

Tabena 1 — lNopehere cucmema ozpaHu4eHUX demeKkmopomM, 0OHOCHO onmukom (Holst,

2011)
System . . .
FyNd performance Spatial domain Frequency domain
<1 Detector-limited Airy disc smaller than Optical cutoff greater that detector
the detector cutoff
>1 Optics-limited Airy disc larger than Detector cutoff greater than optical
the detector cutoff

This ratio also reveals the systems prone to aliasing, boresome
artefacts of the signal under-sampling, which occur for the ratios below
the value of 2.
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While the MTF measurement brings a lot of benefits in system
design and analysis, this methodology also has its uncertainties,
described in the following chapter.

MTF methodology uncertainties

The MTF laboratory measurement process suffers from various
uncertainties or biases, mostly caused by the fact that the methodology
requirement for the LSI system is not achieved. This results in
differences in measuring which can be categorized into four groups
(Haefner, 2018):

m  Data corruption,

Equipment and experimental selection,
Operator selection, and
System under test effects.

Data corruption is the reason of the most severe errors in the MTF
measurement, which can make the whole process unusable and
meaningless. The main reasons of data corruption can be found in:

m  Saturation, where multiple input values are mapped to the same

output value,

m  Quantization, where low signal quantization levels can lead to

significant variations in signal output uncertainties, and

m  Non-linear response.

Equipment and experimental variations are the reason why the MTF
results for the same system, measured in different laboratories, will give
different results. These variations are caused by:

m  Target angle variations - as the system is not diffraction-limited,

the MTF is rotationally dependent

Operator selection, where one needs to select:

m  Region of Interest (ROI) - real systems are not spatially
invariant, so the choice of ROl will influence MTF
measurements,

m  Focus adjustment, where results obtained even by highly
trained technicians will vary due to selected focuses which will
affect measurement results.

System under test effects, such as:

= Non-uniformity, caused by detectors imperfections, poor optics,
or fixed patter nnoise, and

m  System noise.
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While all these challenges in MTF measuring are well documented,
with defined best practices how to mitigate these uncertainties, results
from the laboratory must be accompanied with the ones from tests
performed in real environment, to enhance the evaluation of the system
and give clear guidelines for its improvement.

MTF measurement setup

The MTF characteristics measurements were done in an electro-
optical laboratory equipped with a collimator station, illustrated in the
following Figure:

Optical
Module
(Collimator)

Targets

Radiation
Sources

%

Figure 6 — Electro-optical modular test station (Cl Systems, 2012)
Puc. 6 — Snekmpoonmuyeckas ModyrnbHas ucrsimamernbHas cmaryusi (Cl Systems,
2012)
Cnuka 6 — ModynapHa enekmpoonmuy4ka mecm-cmaruua (Cl Systems, 2012)

The test system has the following characteristics (Cl Systems,
2012): the collimator's effective focal length (EFL) is 3,025mm (120
inches), with a clear aperture of 355.6mm (14 inch) and a field of view of
1.0°. The radiation source is VIS/SWIR integration sphere with a spectral
range of 0.44-2.2 ym, and a blackbody source (absolute temp. range 0°C
to 125°C, resolution 0.001°C), which is used for MWIR and LWIR
measurements.

The characteristics of the cameras under the test are as follows:

m SWIR - resolution 640 x512 pixels, detector pixel size 15 um.

The lens has a declared waveband of 0.9-1.7 uym, and a

582



variable focal length (f;) of up to 2500mm. The measurements
were made on f; = 2500mm, with F;=16

m Visible camera — resolution 1920x1080 pixels, detector pixel
size 5 ym. The lens has a declared waveband of 0.4—-0.7 pym,
and a variable focal length of up to 2000mm (with extender).
The measurements were made on f; = 2000mm, with F3=16

. MWIR - resolution 640x512 pixels, detector pixel size 15 pm.
The lens has a declared waveband of 3-5 um, an anticipated
waveband central wavelength of A=4 uym, and a variable focal
length of up to 825 mm. For the purpose of measurements, we
set the focal length to fj = 784mm, to provide enough room for
fine focusing.

There are different methods to determine the system MTF, using the
imaging lines, points, or even imagery from a system of well-known MTF
values (Schowengerdt et al, 1985).

In this case, the MTF measurements were performed with a step-
target, depicted in Figure 7. The MTF measurement procedure with the
step target is described in the following lines.

Figure 7 — Step-target, used in the MTF measurement
Puc. 7 — Lienesol mecm, ucrnonb3yembilnpu usmepeHuu MTF
Cnuka 7 — Tecm-mema Koja ce kopucmu 3a mepeme MT®-a

The measurement process begins by selecting and placing the
slanted step target with an almost perfect edge in the target wheel,
switching on the integration sphere and setting the intensity. The edge
spread function (ESF) is the system response to a high contrast edge
(Kohm, 2004). Images in a number of consecutive frames are taken, and
averaging is done over all recorded frames. The derivative of the ESF
produces the line spread function (LSF), which is the system response to
a high contrast line. While the target has an almost perfect edge, its
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image gets distorted as a result of the system imperfection, resulting in
the LSF.

From the LSF, by means of Fast Fourier transformation (FFT), the
MTF graph is derived, presenting all frequencies up to cut-off frequency.

The above described procedure measured the MTF of the whole
system, which was compared with the MTF curves for the detector
(determined by the size of the pixel and the focal length of the lens) and
the optics system (which is limited by the optical diffraction), calculated
from formulas (1) to (5) (Holst, 2008).

The MTF curve for the detector is calculated as the magnitude of the
following formula

. fx
| sin(raafy) _ S0 (770)
OTFdetector (fx)=SInC(T[0(dfx) = ”adfx = = T[ffxDCO ) (1)
DCO

1 d  detector pixel size
"~ foco fi effective focal length’

(2)

Aq

The diffraction (optical) MTF was calculated by the following formula:

OTFags(f) = 2lcos™ (2) = () [1- Ly

foco foco foco” ' (3)
for fx < foco
OTFqirs = 0,for fx > foco,  where (4)
f fi_ 1
foco = 5y @ Fa = 5= (5)

The parameters used in the formulas (and in the tables in the
following chapter) are
m A —central wavelength,

m d — detector pixel size,

m f; —focal length,

m D — diameter of the lens aperture,

m  F; — F-number, a function of the focal length and the lens
aperture,

m  fpco — detector cutoff frequency,

m fyco — optical (diffraction) cutoff frequency,

m  NA — Numerical aperture, and

m  fy— Nyquist frequency, which is half of detector cutoff

frequency, as per the sampling theorem.
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Measurement results

The measurement parameters and the calculated cutoff frequencies
are summarized in Table 2 for the visible camera, in Table 3 for the
short-wave infrared (SWIR) camera, and in Table 4 for the mid-wave

infrared (MWIR) camera.

Table 2 — Calculated cutoff frequencies for the visible camera
Tabrnuya 2 — PaccyumaHHble npedesibHble Yacmombi O kKamepbl 8uOeoHabnodeHuUst
Tabena 2 — UspadyyHame epaHU4YHe ¢hpekseHyuje 3a sudrbusy Kkamepy

Detector : Optical
Detector | Focal F- cutoff ][\rlgg:j;: cy cutoff
A [um] size length number | frequency £ FyNd frequency
d[um] filmm] Fy foco N foco
[cy/mrad] [cy/mrad] [cy/mrad]
0.5 5 2000 16 400.00 200.00 1.60 250
Table 3 — Calculated cutoff frequencies for the SWIR camera
Tabnuua 3 — PaccyumanHbie npedernbHblie Yacmomal 0511 SWIR kamepb!
Tabena 3 — U3pauyHame epaHu4He gppekseHyuje 3a SWIR kamepy
Detector : Optical
Detector | Focal F- cutoff ][\rlggllj:: cy cutoff
A[um] | size length number | frequency f FyNd frequency
d[pm] fulmm] Fy fpco N foco
[cy/mrad] [ey/mrad] [cy/mrad]
1.5 15 2500 16 166.67 83.33 1.60 104.1667
Table 4 — Calculated cutoff frequencies for the MWIR camera
Tabnuua 4 — PaccyumatHbie npedesnbHble 4acmomsl 0151 MWIR kamepb!
Tabena 4 — UspadyyHame epaHuyHe ¢ppekseHyuje 3a MWIR kamepy
Detector ; Optical
Detector | Focal F- cutoff fr\rlggﬂxlasrtxcy cutoff
A[um] | size length number | frequency f FyNd frequency
d[um] filmm] Fy foco N foco
[cy/mrad] [cy/mrad] [cy/mrad]
4 15 784 4 52.27 26.13 1.07 49
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These values were then used to calculate and plot the graphs for the
MTF of the detector, the MTF of the diffraction, and the resulted MTF of
the system (MTF product) using formulas (1-5), given in the previous
chapter. The graph X-axes are all plot up to the Nyquist frequency (which
is one half of the sampling frequency), as that is the highest frequency
which can be faithfully reconstructed, as per the sampling theorem
(Holst, 2008).

Figure 8 presents the graphs of the calculated MTFs and the
measured MTF for the visible camera with the extender (f; =2000mm).

Figure 9 gives the graphs of the calculated MTFs and the measured
MTF for the SWIR camera with a focal length of 2500mm.

Finally, Figure 10 shows the MTF calculations and measurements
for the MWIR camera with a zoom lens with the maximum focal length of
825mm, which was set on 784mm for these measurements.

wtp MTF detector
== MTF diffract

MTF

de= MTF product

=== MTF measured

0 20 40 60 80 100 120 140 160 180 200
Spatial frequency fx [cy/mrad]

Figure 8 — MTF for the visible camera, f;=2000mm
Puc. 8 — MTF Onsi kamepbl sudeoHabnodeHus, f; =2000mm
Cnuka 8 — MTF 3a sudrbugy kamepy, f; =2000 mm
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== MTF detector
== MTF diffraction
==dr=M product

== M measured

T sl
0.0 100 200 300 400 500 60.0 700 80.0
Spatial frequency fx [cy/mrad]

Figure 9 — MTF for the SWIRcamera, f; =2500mm
Puc. 9 — MTF dnsi SWIR kamepsi, f; =2500mm
Crniuka 9 — MTF 3a SWIR kamepy, f; =2500 mm

== MTF detector
== MTF diffraction

=

e M M2 ASUrEd

0.00 5.00 10.00 15.00 20,00 25.00 30,00
Spatial frequency fx [cy/mrad

Figure 10 — MTF for the MWIR camera, f; =784mm
Puc. 10 — MTF ona MWIR kamepesl, f; =784mm
Cnuka 10 — MTF 3a MWIR kamepy, f; =784 mm
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A. Visible camera, with the extender (f; =2000mm)

By analyzing Figure 8, we can conclude that the measured result
(the MTF measured curve) has lower cutoff frequency than the one
expected by the theory (the MTF product curve). The deviation of the
measured MTF from the theoretical one, reflected in the steeper decline
of the MTF curve, can be explained by the effect of the elements which
were not measured in this case, such as focus, electronics for video
processing, display, etc. We can also conclude that the limiting factor in
this case is the diffraction of the lens system (fyco), as the MTF diffract
graph is below the MTF detector. While the calculated diffraction of the
lens system is at 250 cy/mrad, we can see that the measured MTF is
falling below 0.2 already for the spatial frequencies at a one tenth of the
optical cutoff. This can be explained by using the optical extender (to
achieve the targeted focal length) which has also introduced the
deviations caused by the aberrations (imperfection) of the optical
extender elements.

B. SWIR camera, a focal length of 2500mm

This measurement, performed by the short-wave infrared camera
with a narrow field of view (NFOV), reveals that again we are dealing with
an optics-limited system, which is obvious from the graph (where the
MTF diffraction is lower than the MTFdetector line), from the values of
focoand foco, but also from the value of FyA/d expression, as per the
limits defined in Table 1 of this paper. The MTF measured curve is also
below the MTF product one but, compared to the visible camera in the
scenario A, the measured curve is less steep. In this scenario, the
measured MTF drops below 20% approximately at a value of 26 cy/mrad,
which is around 25% of the optical cutoff. Based on this, it is safe to
conclude that the SWIR lens has better optical characteristics than the
one used with the visible camera. Having this in mind, we expect better
identification in SWIR images which will be tested with images taken from
a real scenario.

C. MWIR camera, a focal length of 784mm

Unlike the first two scenarios where the system was clearly residing
in the diffraction (optics) limited part, here the cutoff frequencies
(detector, and optical) are much closer, resulting in closer MTF detector
and MTF diffraction graphs, compared to the first two scenarios. What is
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also readable from the graph is that the measured MTF is above 10% for
most of the values up to the Nyquist limit, which is a general indication of
a well-designed system and better image quality (Boreman, 2001)
(although the system performance can be really evaluated only through
the prism of frequency specific range of interest). What also must be
commented is the measured results for the frequencies above 22-23
cy/mrad, reflected in the incline of the graph-line. As this have no
explanation in physics of the system, this behavior can be explained by
system non-linearity, signal processing, measurement setup, and other
aspects which are described in Chapter 4 of this paper and have the
effect on the MTF measurements.

Other methods for measuring EO system resolution

The MTF analysis and measurements, presented in the previous
chapters, offers a lot of information to the viewer, by describing the
system behavior on the whole spectrum of frequencies, up to the limiting,
cutoff frequency. There are other methods to measure optical resolution:
the United States Air-Force (USAF) 1951 resolution test chart, being one
of the most popular ones, is given in Figure 11 of this document.

GROUP 2, ELEMENT 6

0 |
1 [

Figure 11 — USAF resolution target, imaged with the MWIR camera described in Chapter
6. The left image was taken with a good focus, the right one with a bad focus.

Puc. 11 — Lens paspeweHus BBC CLLUA, nonydyeHHas ¢ nomoubto kamepbi MWIR,
onucaHHol 8 anase VI. Jlegoe uzobpaxkeHue 6bi10 r1ony4eHo rpuxopowiel
ghokycupoeke, npasoe rnpurnioxoli hoKycuposKe.

Cnuka 11 — USAF-osa pe3onyyuoHa mema cHumrbeHa MWIR kamepom onucaHom y
rnoanassby VI. Criuka 5ie8o cHUMIbeHa je ca 0obpum hOKycoM, a criuka OecHo ca 10uum
¢hoKycom.
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This target consists of a group of elements, each element consisting
of three vertical and three horizontal bars of precise width. The observer
task is to visually identify which group of bars can still be distinct without
blurring into one another. By identifying the number of that last resolvable
element, which is in our case group 2, element 6, the resolution limit can
be calculated from the formulas:

l
Resolution (_p) = pUroupt——— — 72 = 713 —
mm mm (6)

element—1 5 lp

Resolution (mcy )

rad l
= Collimator EFL [mm] = 10~3 x Resolution (i)
cy mm/ (7)
= 21.56
mrad

where the Collimator Effective Focal Length (EFL) is 3,025mm, as
previously mentioned.

Having in mind that the human visual system can work with contrast
which is above 5% (although this cannot be taken as a hard fact, as it
depends on the human visual system properties), by analyzing again
Figure 10, we can see that the value of the MTF is falling to 5%
somewhere around the spatial frequency of 20 cy/mrad, which is similar
to the limiting resolution found with the USAF 1951 test target (formula
7).

The USAF target, as shown, is an effective method to quickly
estimate the system resolution, but it suffers from some challenges. The
most important one is in the fact that the process heavily depends on the
observer (and his decision on what target is resolvable), but also on
some other things, such as the image focus, which can seriously affect
the measurement, as shown in Figure 11.

While the MWIR system and the focal length forming the target
image were the same for both images, the focus of the object (target) for
the right image was not done properly. As a result, the limiting resolution
derived from this image is lower than previously estimated. While the
matter of the focus is also affecting the MTF calculations (Holst, 2008),
(Haefner, 2018), in this case of the USAF1951 test target, it will give a
completely wrong picture of the system capability.

590



Real scenario images

In order to illustrate the image performance of the multi-sensor
imaging system (MSIS) in a real scenario, the system tested in the
laboratory (a Visible and an SWIR camera, without an MWIR sensor)
was installed outdoors and set to monitor the scene approximately 12
kilometers apart from the MSIS position.

Figure 12 — Visible camera image
Puc. 12 — U306paxeHue ¢ kamepbl 8uOeoHabmodeHust
Cnuka 12 — Cniuka CHUM/beHa 8UG/bUBOM Kamepom

Figure 13 — SWIR camera image
Puc. 13 — NsobpaxeHue ¢ SWIR kamepsbi
Cnuka 13 — Cnuka cHumbeHa SWIR kamepom
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What is clearly distinguishable in the pictures are vehicles, buses,
pedestrians and the general background characteristics (buildings, trees,
etc.). Since this type of system is generally designed to perform
detection, recognition and identification of objects, it is safe to say that
the system is performing well for the purpose it was built for. Comparing
the images in VIS and SWIR, we can conclude that the SWIR image is
richer in detail, which is expectable regarding the comments stated
earlier in the paper. During the tests, we also noticed remarkable
advantage of the SWIR image in the presence of fog.

Conclusions

The theoretical analysis and laboratory measurements of electro-
optical system performance have demonstrated that the MTF can be an
effective analytical tool.

Theoretical calculations have shown that the increase of the focal
length results in the increase of the F-number (Fy), and for that reason
the diffraction of the lens system becomes the dominant limitation factor
compared to the detector limitation. In that way, we have identified the
maximal frequency for our system.

The MTF measurements in the electro-optical laboratory have given
some valuable information. Besides a visual confirmation on the system
limiting elements (where the lower diffraction lines prove they limit the
system, and not the detector), the comparison of the curves for VIS,
SWIR and MWIR cameras has shown that the SWIR and MWIR lenses
have supreme optical characteristics compared to those of the VIS
camera. In addition, the visualization of the results in the form of graphs
has clearly shown the areas where the system non-linearity and various
forms of data corruption caused the graph to behave unexpectedly.

The resolution measurement using the USAF target has presented
the alternative ways to analyze the system performance, although less
accurate compared to the MTF measurement methodology.

With the real scenario images, we have confirmed the expectation
from the laboratory measurements that the SWIR camera gives a better
(richer in detail) image compared to the Visible camera. This was
especially obvious for the tests conducted in the degraded environmental
conditions (fog).

Taking into account the considerable distance, it can also be
concluded that the whole EO system performs well, for the purpose it
was built for (detection, recognition and identification of objects). This
leads to a general guideline in the design and optimization of EO
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systems — the key of success is to fully understand the system
requirements and the use-cases (Hobbs, 2000), since no system can be
designed to provide perfect resolution, contrast, brightness and color
fidelity, for any object distance, in all possible environmental conditions.
Therefore, the best systems are the ones designed for the exact
purpose. Then, through a careful selection of system elements (lens,
detector, etc.) and the system parameter optimization, we can influence
the system performance.

To further prove the value of the MTF analysis, future efforts will be
made to include in the calculations the effects of other system elements
such as focus, jitter, and image processing MTFs. It is expected this will
provide better matching of measured and calculated MTF results as well
as give some additional direction for further EO system optimization.
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PYBEPUKA TPHTW: 47.00.00 SNIEKTPOHUKA. PAONOTEXHUKA;

47.57.00 MiHdpakpacHasa TexHuka,

47.57.29 Mpnbopbl HOYHOTO BMAEHWUS.

27.00.00 MATEMATUIKA;

27.35.00 MaTtemaTtuyeckue Moaenn ecTeCTBEHHbIX HayK U
TEXHUYECKUX HayK. YpaBHEHNS MaTemMaTu4ecKon
dusnku,

27.35.47 YpaBHeHUs nepeHoca.

BWO CTATbW: opurmHansHas Hay4Has ctaTbs

Pe3swome:

BeedeHue/uenb: ®yHkuyus modynsauyuu nepedadu (MTF) sensemcs
rone3HbIM UHCmpymeHmom Or1s1 aHanusa saghhekmugHocmu cucmema|
gopmuposaHusi uzobpaxeHut. OHa ucronb3yemcs npu paspabomke
anekmpoonmu4yeckux cucmem (EQ), nposepke uenesbix napamempos
cucmembl, a makxe 8 3adadax onmumusayuu mecmupyemou
cucmemsbl. [JaHHasi memoQdosioausi oCcHo8aHa Ha Mmeopuu JUHeUHbIX
cucmem u obecrieyusaem B03MOXHOCMb pa3desieHusi aHanusa
agppbekmusHocmu  crioxHbix cucmem 30 Ha nodcucmembl. B
Hacmosiwel cmambe rnpedcmasneHa U 0b6bsCHeHa Memodosioausi
MTF, a makxe nipugsedeHbl npuMepbl UMepeHUl, rnpPou3eedeHHbIX 8
anekmpoonmu4eckol nabopamopuu. NameperHuss MTF nposodunuck
C rnoMowbo mpex 8udo8 Kamep 8 pasHbiX CreKkmpasbHbIX
OuanasoHax, froc/ie 4Ye2o  pe3ynbmambl  CpasHusasnucb C
MPO2HO3UPYyEMbIMU  MOOENISIMU U meopemuydeckumu  npedenamu
cucmembi hopMUpPOBaHUST U306paKeHUsI.

Memodbi:  JlabopamopHbie  uU3MepeHus U meopemuyeckas
Mamemamu4ecKkasi crmamucmuka.

Pesynbmamsi:  Pe3ynbmambl usmepeHul 6binu  dornonHuUmesbHo
rpoaHanu3uposaHbl Ha OCHO8aHUU MpoeedeHHbIX rlabopamopHbIX U
meopemuyecKux pe3ysibmamos.

Bbigodbl: [NposedeHHbIe u3MepeHUsi rokasasnu, 4mo paccyumaHHas
npedenbHas Yyacmoma u Kpusass MTF npedcmaenstom cobol epaHuuy
pearnibHbIX ~ U3MEPEHHbIX  Xapakmepucmuk  aghghekmusHocmu
cucmemsbl. Takum obpasom, uccrnedosaHue nodmeepdusno, ymo MTF
Moxxem crnocobcmeosampb 6bIsI8/IEHUK CUCMEMHbIX OgpaHu4eHul u
y3KUX Mecm, a makxe MoebileHu0 obwel agpgpekmusHocmu
cucmembl.  PaspabomaHbl  pekomeHOayuu o  OanbHelwel
onmumu3ayuu cucmem hopMuposaHuUsi u3obpakeHudu.

Knwouesblie crnoea: pyHKkuus modynsyuu nepedadu, mecmosasi yeslb
USAF 1951, anekmpoonmuka.
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MOOYNALMOHA ®YHKLUWJA MPEHOCA Y AHAJTIN3U
MEP®OPMAHCU EJNIEKTPOOMNTUYKMNX CUCTEMA

Hedesrbko C. I'Iaf]eHas, ayTop 3a npenucky, [pazaHa b. Mepuh?,
Bparko I'. Nusana®, Munax M. Munocasrbesuh

#WHetuTyT Bnatakom, Beorpan, Penybnvka Cpbuja

® YHuBepauTteT CuHrMayHym, Kategpa 3a enekTpoTexHUKY U pauyHapcTBo,
Beorpag, Penybnuka Cpbuja

OBNACT: enekTpoonTuka, enekTpoHvka, MmateMaTuka
BPCTA YJ1IAHKA: opurMHanHm Hay4Hu pag

Caxemak:

Yeod/uyurb: ModynauuoHa ¢byHKkuyuja npeHoca (MTF) kopucmaH je anam
3a aHanusy nepgopmaHcu cucmema 3a obpady cnuke. Kopucmu ce y
Ou3sajHuparsy enekmpoonmudykux (EO) cucmema, ripu nposepu yurbaHux
napamemapa cucmema, anu u y 3adayuma onmumusayuje mecmupaHux
cucmema. Osa Memodorioeuja, 3acHoO8aHa Ha MeOoPUjU JIUHEaPHUX
cucmema, omoegyhaea Oa ce aHanusa riepgopmaHcu crioxeHux EO
cucmema nodesnu Ha nodcucmeme. MTF memodosnioeuja Hajnpe je
npedcmaesrbeHa U objawreHa, a 3amuM je [PuKa3aHO MepeHe
U38PpUWEHO y enekmpoornmudykoj nabopamopuju. MTF mepersa useedeHa
Cy Ha mpu muna Kamepa, y PpasfiudumuM CrieKmpasaHuMm orce3uma,
HakoH 4Yeza cy pesysimamu yriopefieHu ca oyYekusaHumM modenuma u
MeopUjCKUM O2paHuYersuma cucmema 3a obpady criuke.

Memode: Jlabopamopujcka Mepera U meopujcka Mamemamuyka
uspaydyHaearba.

Pesynmamu: Ha ocHogy nabopamopujckux U meopujckux pesynmama
do0amHo cy aHanu3upaHu pe3ynmamu Mepetba.

Sakrbyyak: Mepema cy Ookasana Oda u3padYyHama 2paHU4YHa
ppekseHyuja u kpusyrba MTF npedcmaerbajy epaHuuy 3a cmeapHe
rnepgopmaHce cucmema. NomepheHo je 0a MTF moxe 6umu nozodaH 3a
MpoHanaxewe OepaHuU4Yera U YCKUX epfla cucmema, Kao U 3a
rnoborbluar-e yKyrnHUX nepghopmaHcu cucmema.

KbyuHe peuu: modynayuoHa byHKuuja npeHoca, mecmHa Mmema
YCA® 1951, enekmpoonmuka.

Paper received on / [lata nonyyeHus pabotsl / JaTtym npujema unaxka: 09.06.2020.
Manuscript corrections submitted on / lata nony4eHus ucnpaeneHHo Bepcumn paboTbl /
Oatym goctaBrbana ncnpasku pykonuca: 10.07.2020.

Paper accepted for publishing on / [lata okoH4YaTenbHOro cornacoBaHus pabotsl / latym
KOHa4HOr npuxeaTara YnaHka 3a objasrbmeamne: 11.07.2020.

596



©2020 The Authors. Published by Vojnotehnickiglasnik / Military Technical Courier
(www.vtg.mod.gov.rs, BTr.mMo.ynp.cp6). This article is an open access article distributed under the
terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/rs/).

© 2020 AsTopbl. OnybnukoBaHo B «BoeHHo-TexHuYeckuinBecTHUK / Vojnotehnickiglasnik /
MilitaryTechnical Courier» (www.vtg.mod.gov.rs, BTr.mo.ynp.cp6). JaHHas cTaTbs B OTKPbITOM
[0CTyne 1 pacnpocTpaHAeTcsl B COOTBETCTBUM C nuueH3unen «CreativeCommons»
(http://creativecommons.org/licenses/by/3.0/rs/).

© 2020 Aytopu. ObjaBno BojHoTexHuukurnacHuk / Vojnotehnickiglasnik / MilitaryTechnicalCourier
(www.vtg.mod.gov.rs, BTr.mMo.ynp.cp6). OBo je UnaHak OTBOpEHOr NpucTyna u AucTpmbympa ce y
cknagy ca Creative Commons nuueHuom (http://creativecommons.org/licenses/by/3.0/rs/).

597

Paden, N. et al, Modulation transfer function in the analysis of electro-optical system performance, pp.572-597



E VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2020, Vol. 68, Issue 3

INFLUENCE OF PRE-PROCESSING ON
ANOMALY-BASED INTRUSION
DETECTION

Danijela D. Proti¢

Serbian Armed Forces, General Staff,

Department for Telecommunication and Informatics (J-6),
Center for Applied Mathematics and Electronics,
Belgrade, Republic of Serbia,

e-mail: adanijela@ptt.rs,

ORCID iD: @https://orcid.org/0000-0003-0827-2863

DOI: 10.5937/vojtehg68-27319; https://doi.org/10.5937/vojtehg68-27319

FIELD: Computer Sciences
ARTICLE TYPE: Original scientific paper

Abstract:

Introduction/purpose: The anomaly-based intrusion detection system
detects intrusions based on a reference model which identifies the normal
behavior of a computer network and flags an anomaly. Machine-learning
models classify intrusions or misuse as either normal or anomaly. In
complex computer networks, the number of training records is large,
which makes the evaluation of the classifiers computationally expensive.

Methods: A feature selection algorithm that reduces the dataset size is
presented in this paper.

Results: The experiments are conducted on the Kyoto 2006+ dataset and
four classifier models: feedforward neural network, k-nearest neighbor,
weighted k-nearest neighbor, and medium decision tree. The results show
high accuracy of the models, as well as low false positive and false
negative rates.

Conclusion: The three-step pre-processing algorithm for feature selection

and instance normalization resulted in improving performances of four
binary classifiers and in decreasing processing time.

Key words: anomaly-based intrusion detection, machine learning,
Kyoto 2006+.

Introduction

Intrusion detection systems (IDSs) monitor computer network
behavior to perform diagnostics of the security status and protect the
network from malicious activities or various anomalies. Intrusion
detection systems can be divided into two basic groups. Misuse or
signature based IDSs detect malware based on knowledge accumulated
from known attacks. Anomaly based IDSs detect deviations from a model
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of usual network behavior. The goal of anomaly detection is to build a
statistical model of normal network behavior and look for activities which
deviate from the created model (Proti¢ & Stankovi¢, 2020, p.7). The main
disadvantage of the signature based IDS is a difficulty to detect unknown
attacks. The biggest challenge in anomaly detection is to identify what is
considered normal. Machine learning (ML) based binary classifiers can
detect anomalies with a high accuracy of prediction. In supervised
learning, the number of training instances collected over a period of time
can be large, which makes the evaluation of the models computationally
expensive. Feature selection reduces the training set, which speeds up
the processing time and increases the accuracy of the classifiers. This
paper shows the results of the experiments of the three-step feature
selection and instances normalization pre-processing algorithm
conducted on the Kyoto 2006+ dataset and four machine learning
models, namely: feedforward neural network (FNN), k — nearest neighbor
(k-NN), weighted k-NN (wk-NN), and medium decision tree(DT).
Accuracy (ACC), false positive rate (FPR), false negative rate (FNR), and
processing time are given.

Feature selection and instances normalization: Three-
step pre-processing algorithm

One of the major issues in supervised ML is a large number of
instances in the training set. The aim of feature selection is to reduce the
dataset size and remove irrelevant features. Furthermore, raw data have
to be pre-processed before being fed to the input of the model so that
effects of one feature cannot dominate the others. In this paper, a three-
step pre-processing algorithm for feature selection is presented. The
algorithm is given as follows:

1 Identify and discard all irrelevant features;

2 Remove features which cannot be normalized into the range [-1,1];

3 Normalize instances into the range [-1,1] by applying the hyperbolic
tangent function:

2
tanh(n):1+62n -1, (1)

where n is the number of instances in the dataset.

Feature selection improves performances of the classifier, saves
memory space and decreases processing time. Additionally, instances
normalization speeds up the model training and reduces the domination
of one feature over the other ones.
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Data collection: The Kyoto 2006+ dataset

The Kyoto 2006+ dataset contains records of real network traffic
data collected from November 2006 to December 2015 at five different
computer networks inside and outside the Kyoto University (Takakura,
2020) (Proti¢, 2018, pp.587-589). During the observation period, over 50
million sessions of normal traffic, 43 million sessions of known attacks
and 426 thousand sessions of unknown attacks were recorded (Proti¢ &
Stankovi¢, 2018, p.44). The dataset consists of 14 statistical features
derived from the KDD Cup '99 dataset (Table 1) and 10 additional
features which enable more efficient investigation (Table 2) (Ashok
Kumar & Venugopalan, 2018), (Song et al, 2011, pp.29-36).

Table 1 — The Kyoto 2006+ Dataset — first 14 features

Tabnuuya 1 — Habop OaHHbix Kyoto 2006+ - 14 nepebix ¢byHKyul
Tabena 1 — Kyoto 2006+ 6asa noGamaka — npeux 14 ampubyma

No Feature Description

1 Duration The length of the connection (seconds).

2 | Service The connection’s server type (dns, ssh, other).

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

4 | Destination bytes The number of data bytes sent by the destination IP
address.
The number of connections whose source IP address and

5 Count destination IP address are the same to those of the current
connection in the past two seconds.

6 Same_srv_rate % of connections to the same service in the Count feature.
% of connections that have ‘SYN’ errors in the Count

7 | Serror_rate
feature.
% of connections that have ‘SYN’ errors in the Srv_count
(% of connections whose service type is the same to that

8 | Srv_serror_rate - .
of the current connections in the past two seconds)
feature.
Among the past 100 connections whose destination IP
address is the same to that of the current connection, the

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

10 | Dst_host_srv_count ) ; :
number of connections whose service type is also the
same to that of the current connection.
5 - -

11 | Dst_host_same_src_port_rate % of connections whosg source port is the same to that of

— = — = = the current connection in the Dst_host_count feature.

o : : ; :

12 | Dst host serror rate % of connections that have ‘SYN'’ errors in the

— = - Dst_host_count feature.

% of connections that have ‘SYN’ errors in the

13 | Dst_host_srv_serror_rate
Dst_host_srv_count feature.
The state of the connection at the time the connection was

14 | Flag .
written (tcp, udp).
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Table 2 — The Kyoto 2006+ Dataset — additional 10 features
Tabnuua 2 — Habop 0aHHbix Kyoto 2006+ - 10 dononHumernbHbIx hyHKUul
Tabena 2 — Kyoto 2006+ 6a3a nodamaka — dodamHux 10 ampubyma

No Feature Description
Reflects if IDS triggered an alert for the connection; ‘0’ means any
1 IDS_detection alerts were not triggered and an arabic numeral means the different

kind of alerts. The arenthesis indicates the number of the same alert.

Indicates if malware, also known as malicious software, was
observed at the connection; ‘0’ means no malware was observed,

2 | Malware_detection and string indicates the corresponding malware was observed at the
connection. The parenthesis indicates the number of the same
malware.

Means if shellcodes and exploit codes were used in the connection;

‘0’ means neither shellcode nor exploit code were observed, and an

3 | Ashula_detection arabic numeral means the different kinds of the shellcodes or exploit
codes. The parenthesis indicates the number of the same shellcode
or exploit code.

Indicates whether the session was attack or not; ‘1’ means normal. ‘-
4 Label 1" means a known attack was observed in the session, and ‘-2’
means an unknown attack was observed in the session.

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

5 | Source_IP_Address

6 Source Port Number | Indicates the source port number used in the session.

Destination IP It was also sanitized.
Address
8 Destination Port Indicates the destination port number used in the session.
Number
Start Time Indicates when the session was started.
10 | Duration Indicates how long the session was being established.

The proposed algorithm discards all categorical features as well as
features for further investigation, excluding the Label feature (step 1),
cuts all features containing instances that cannot be normalized into the
range [-1,1] (step 2) and normalize the rest of instances (step 3). Out of
24 features of the Kyoto 2006+ data set, 17 features are left after the first
pre-processing algorithm step and nine features (5-13) are left after the
pre-processing is done. The Label feature is used for the detection of
anomalies. Scaled instances not only reduce the effects of one feature to
the others but speed up the FNN since the network training is more
efficient if normalization is performed on inputs. If the number of inputs is
23, the sigmoid functions used in the hidden layer become easily
saturated. If the saturation happens at the beginning of the training, the
gradients will be small which may slow down the network training (Proti¢
& Stankovi¢, 2020, p.9).Also, instances are scaled due to the fact that
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distances in the wk-NN model lose accuracy because of a small
difference between the farthest and the nearest neighbors.

Classifier Models

In supervised machine learning, classifiers can be divided into two
groups. Lazy learners, such as the k-NN and the wk-NN, do not focus on
constructing a general model, but store the training data and weight until
a test set appears. Eager learners, such as the FNN, construct a
classification model before getting data for predictions.

k-Nearest Neighbor

The k-NN stores all instances corresponding to the training data into
the n-dimensional space. Classification is computed on a simple maijority
vote of the k-NN of each point, based on the Euclidean distance measure
given with (Proti¢ & Stankovi¢, 2020, p.9):

d(X,y)=\/sZp_l(Xis—ys)2- (2)

The prediction speed of the k-NN is medium as well as memory
usage. Interpretability of the classifier is hard. In the experiments, the
distinction between classes is medium, and the number of neighbors is
set to 10 (Proti¢ & Stankovi¢, 2018, p.48).

Weighted k-Nearest Neighbor

The main idea of the wk-NN is to extend the k-NN so that the
instances within the training set which are particularly close to the new
instance should get a higher weight in the decision than more distant
ones (Tsigkritis et al, 2018, pp.70-84). The distances are transformed
into the weights as follows:

1

W:W. (3)

The wk-NN classifier adapts as the new training data is collected,
which allows the algorithm to respond quickly to changes in the input
during real-time use. In contrast with the fast training stage, the algorithm
requires expensive testing. All the cost of the algorithm is in the
processing time. All characteristics of the classifier are the same as for
the k-NN model except flexibility which is also medium (medium
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distinctions between classes using a distance weight) (Proti¢ &
Stankovi¢, 2018, p.48).

Medium Decision Tree

The Decision Tree is one of the graph-like algorithms which use
branching methods to illustrate every possible outcome of decisions,
where nodes represent features, links represent decision rules and leafs
represent outcomes. The lIterative Dichotomy 3 algorithm (ID3) calculates
entropy and information gain to build a tree (Proti¢ & Stankovi¢, 2020,
p.9). Entropy is a measure which controls how the tree decides to split
the data. If the target feature can take on k different values, then the
entropy of the S relative to this k-wise classification is given as follows:

Entropy (S)= —il p;log, (p,). (4)

where p; represents the proportion of S belonging to the class i. The
information gain represents the expected reduction in entropy based on
the decrease in entropy after the dataset is split on the feature (See
Eq.5).

Gain (S,A)=Entropy (S) - |SS—”|‘Entropy (s,)- (5)
veavlues (A)

The feature with the highest information gain will split first. The
Gain(S,A) of a feature A relative to a collection of examples S provides
information about the target function value; given the value of some other
feature A that splits S into the subsets S, (Proti¢ & Stankovi¢, 2020,
p.10).The characteristics of the medium DT classifier are: fast prediction
speed, low memory usage, easy interpretability and medium model
flexibility, i.e. medium number of leaves for finer distinctions between
classes. The maximum number of splits is 20 (Proti¢ & Stankovi¢, 2018,
p.48).

Feedforward Neural Network

The objective of the FNN is to minimize an output error in
accordance with the back-propagation algorithm. The FNN transfer
function used in the experiments is given with Eq. 6.

yi(W’W):Fi(Zq:Wijfj(Zm:wjixl+Wj0)+Wf0j- (6)
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where x;are inputs, y;are outputs, w and W are weight matrices, fand F;
denote the transfer functions of hidden and output layers, m represents
the number of inputs, q represents the number of outputs, and wj and
Wy denote biases. The objective of the FNN presented in this paper is to
minimize the output error in accordance with the Levenberg-Marquardt
(LM) algorithm (Levenberg, 1944, pp.164-168) (Marquardt, 1963, pp.431-
441).The LM algorithm performs a combined training process: around the
area with complex curvature, the LM switches to the gradient descent
(GD) algorithm until the local curvature is proper to make a quadratic
approximation. Then it approximately becomes the Gauss-Newton(GN)
algorithm which can speed up the convergence (Kwaket al, 2011,
pp.327-340). The structure of the FNN presented in this paper is 9 inputs,
9 weights in the hidden layer and one output. The transfer function in the
hidden layer is tangent hyperbolic while the output layer's transfer
function is linear.

Experiments

A key criterion which differentiates classification techniques is
prediction accuracy which represents the ratio of the number of instances
correctly classified to the total number of instances (See Eq. 7).

TP + TN

ACC = ’
TP +TN + FP + FN

(7)

where TP (true positive) represents the number of positive samples
correctly predicted by the classifier, FN (false negative) represents the
number of positive samples wrongly predicted as negative, FP (false
positive) represents the number of negative samples wrongly predicted
as positive and TN represents the number of negative samples correctly
predicted by the model (Ambedkar & Kishore Babu, 2015, pp.25-29).
Additionally, processing time (t), false positive rate (FPR) and false
negative rate (FNR) are also measurement criteria (Nguyen & Armitage,
2008, p.56). Processing time (t) is a sum of the training and testing time.
FPR represent the fraction of negative samples predicted as a positive
class (See Eq. 8).

FPR=— (8)
CTIN +FP
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FPR is a measure of accuracy for a test. It is defined as the
probability of rejecting the null hypothesis, i.e. it is a probability that a
false alarm will be raised; a positive result will be given when the true
value is negative (Split, 2020). Ideally, FPR should be low (0.1 or less). A
low FPR indicates that the classifier does not classify many irrelevant
examples as relevant (Shirabad et al, 2007, p.198).

FNR represent the fraction of positive samples predicted as a
negative class (Eq.9):

FNR = ————. 9)

FNR is the probability that a true positive will be missed by the
classifier.

The experiments presented here are conducted on three pre-
processed daily records from the Kyoto 2006+ dataset (See Table 3) and
performed using Intel(R), Core(TM) i7-2620M CPU 2.7GHz processor,
with 16GB RAM Installed memory.

Table 3 — Daily records — number of instances
Tabnuua 3 — Konuyecmeo 3k3emnnsipos 8 0eHb
Tabena 3 — bpoj uHcmaHyu no daHy

Day Number of instances
03/02/2007 57278
14/02/2007 58317
27/02/2007 57278

All classifiers are trained so that 70% of daily records are used for
training and 30% are used for testing. The results on accuracy, FPR,
FNR, and processing time are given in Figures 1-4, respectively.
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Figure 1— Accuracy
Puc. 1 - ToyHocmb
Cnuka 1 - TayHocm

As it can be seen from Figure 1, the wk-NN has the highest
accuracy of all of the models (up to 99.5%). However, the accuracies of
both k-NN and DT are also high (99.4%). The FNN is less accurate than
the other models but its accuracy is still very high (99.2%).

Low FPR (see Figure 2) indicates that the models classify a small
number of relevant examples as irrelevant, so the probability a false
alarm will be raised is very low. Although all models show a low
probability of false alarm, the k-NN model classifies the highest number
of irrelevant examples as relevant.

FNR has the highest value for the DT model, trained on the
14.02.2007 dataset. The lowest value of FNR gives the FNN trained on
the 27.02.2007 dataset. However, FNRs of all classifiers are lower than
0.8%, and lower than 0.2% if DT is not considered as relevant.

As it is expected, the processing time is high for the lazy learners
(the k-NN and the wk-NN) and exceeds 50s. The FNN and the DT show
significantly shorter processing time (more than 10 times).
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False positive rate
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Figure 4 — Processing time
Puc. 4 — Bpemsi o6pabomku
Cnuka 4 — Bpeme o6pade
Conclusion

The three-step pre-processing algorithm for feature selection and
instance normalization resulted in improving performances of four binary
classifiers and in decreasing processing time.

The algorithm reduced three training sets derived from the Kyoto
2006+ dataset. Accuracy, false positive rate, false negative rate, and
processing time are given as measures of the performances of the
classifiers.

The results show the highest accuracy of the wk-NN model. Low
false positive rates indicate that the models classify a small number of
relevant examples as irrelevant. FNR is significantly higher for the DT
model than for FNN, k-NN, and wk-NN models.

The processing time of the lazy learners is significantly higher than
the processing time of eager learners.
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POJIb NPEABAPUTEJIBHOIO NMPOLUECCUPOBAHUA MNPU
OBHAPYXEHUU ATAK, OCHOBAHHbBIX HA AHOMANNAX
HaHuena [1. Mpotny

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

LleHTp npuknagHo maTemMaTuKn U SNEKTPOHMKM,
r. benrpag, Pecnybnuka Cepbus

PYBEPUKA TPHTW: 20.00.00 MUHOOPMATUKA,;
20.15.05 UHdbopmaLmMOoHHbIe criyX0bl, ceTn, CUCTEMbI B
uenom
BWO CTATbW: opurmHanbHasa HayyYHas ctatbsl

Pe3swome:

BeedeHue/uenb: Cucmema o0b6HapyxeHUsI amak, OCHO8aHHbIX Ha
aHomarnusix, 6bIsiesisiem 8MOPXEeHUEe 8 KOMIbIOMEPHY cemb,
OCHoO8bI8asiCb Ha 3amaJsioHHoU Modesnu, Kkomopasi udeHmughuyupyem
HopmaribHoe rnosedeHUe KOMIMbIOMEPHoOU cemu, Oemekmupysi
aHomanuro. Modenu MawuHHO20 0b6y4eHusi  Kaccuguyupyrom
8MOPXKEHUs1 unu 3ro0yriompebrieHuss no 08ymM epyrnnam: HopMaribHbIl
mpaguk unu aHomanusi. QueHka Moderneli Kraccugukamopos
s85155emcsi 00CMamoYHO CrI0XHbIM MPOUECCOM, MaK KakK 8 CIIOXHbIX
KOMrbromepHbIX cemsix 60nbwoe Kou4ecmso obyyvarouux 3anuced.

Memodbi: B 0daHHOU cmambe npedcmasreH anzopumm eblbopa
ampubymos, Komopbil yMeHbUaem MHOXXeCm80 OaHHbIX.

Pesynbmamsi: OkcrniepumeHmsb! npoeedeHbl Ha MHOXecmee OaHHbIX
Kyoto 2006+ 6a3bl u Ha 4Yembipex MOOefigxX Kraccughukamopos, ¢
rnomMowbro criedyroujux memodos: Memod HelpOHHOU cemu € rpsMol
ces3bi0, mMemod k-brnuxatiueao coceda, mMemolO B38eWeHHbIX K-
bnuxatiwux cocedell u MemoO Oepeea MPUHAMUS pPeweHul.
Pesynbmambi  npo8edeHHbIX 3KCMEPUMEHMO8 0Ka3asau B8bICOKYH
moyHocmb modened.

Bbi80o0b1: TpexcmyrieH4ambil aneopumm rpedsapumersibHol 0bpabomku
0ns1 8bibopa ampubymos u HopManu3auuu 3K3emriisapos obecrieyurn
yrAyqweHue xapakmepucmuk Yemsipex 6UHapHbIX Knaccughukamopos u
COKpamur1 epemsi 06pabomku OaHHbIX.

Knwouesble cnosa: obHapyxeHue aHomanul, MawuHHoe obydeHue,
KYOTO 2006+.

YTUUAJ NMPENPOLIECYUPAHKA HA OETEKUWJIY HAMAOA
3ACHOBAHMX HA AHOMAJIMJAMA

Harujena . MpoTtuh

Bojcka Cpbuje, NeHepanwTab, YnpaBa 3a TenekomyHvkaumje n nHpopmaTtuky
(J-6), LleHTap 3a npumereHy MaTeMaTuKy U eneKkTPoHUKY,
Beorpan, Peny6nuka Cpbuja
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OBNACT: pauyHapcke Hayke, MHCpOpMaunoHe TexHororuje
BPCTA YJTAHKA: opyrnHanHu Hay4Hu YnaHak

Caxemak:

Yeod/yurb: Cucmem 3a Oemekyujy yrnada Koju ce 3acHU8a Ha 0emeKkyuju
aHomarsuje omkpuea Hamad Ha padqyHapCcKy Mpexy Ha OCHo8Yy
pegepeHmHoe Mmodenia Koju UOeHMUGUKYje HOPMAasIHO [OHalame
padyHapcke Mpexe u Oemekmyje aHomanujy. Modernu MawuHcKo2
yyersa Knacugukyjy ynade unu 3royriompebe y 0se epyne: epymny
HOopMariHo2 caobpahaja u 2pyny aHomarnuja. Y CIIOXeHUM paqyHapCKum
Mpexama 6poj uHcmaHuu y obydasajyhem ckyrny Moxe bumu eeriuku,
wmo eesarnyauyujy modesia Kriacughukamopa YUHU MeLKOM.

Memode: Y pady je nipukasaH anzopumam 3a u3bop ampubyma Koju
CMaHbyje 8erluduHy cKyrna rnodamaka.

Pesynmamu: EkcriepumeHmu cy udeedeHu Ha ckyry noGamaka u3 Kyoto
2006+ 6ase u Ha Yyemupu MmoQlena Kriacugukamopa: modeny feedforward
HeypoHcKa Mpexa, Moderly K-Hajoruxux cyceda, modersly noHOepucaHux
K-Hajoriuxux cyceda u molenty cmabrna o0nyqugama. Pesynmamu
roKasyjy 8ucoKy ma4yHocm modera.

Bakrbyydak: [Npenpouecyupare mpoKopayHUM an2opummom 3a u3bop
ampubyma u HopManu3auyujy UHCmaHuu pe3yimuparo je nobosrbwarem
rnepghopmaHcu Yemupu 6GuHapHa Kracugukamopa U CMaHUIo epeme
npoyecyuparba.

KbyuHe peuu: demekuyuja aHOMarnuja, MaWUHCKO y4erse, Kyoto

2006+.
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Abstract:

Introduction / purpose: This article is written in order to acquaint readers
with geoinformation technology in the process of organizing topographic
and geodetic support, as well as to make recommendations and
suggestions that will enable the formation of an effective and
comprehensive system of geoinformation support for the Armed Forces,
other troops and military units of the Republic of Kazakhstan.

Methods: The analytical approach was used in the analysis of the causes
of local warfare, armed confiicts and use of high-precision weapons in
combat operations where sophisticated reconnaissance, geoinformation
systems and communications are involved. The conclusions were also
drawn on the basis of the analysis of the historical development of
geoinformation technologies.

Results: The article provides a brief overview of geospatial support
systems using geoinformation technologies in foreign countries and the
topographic service of the Armed Forces of the Republic of Kazakhstan.

Conclusions: Creating a unified state geoinformation space is of high
importance since technologies are developing in the direction of the
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distribution of geoportals, cloud services and the development of service-
oriented architecture systems that will allow the creation of distributed GIS
of various kinds. Integration of geographic information systems with
rapidly developing systems of remote sensing of the Earth will dramatically
increase the capabilities of modern GIS, allowing real-time updating of
spatial information, especially in the field of important decision-making.

Keywords: geoinformation technology, geoinformation support,
geoinformation, geoinformation system, geospatial support systems,
topographic service, remote sensing systems, Armed Forces of the
Republic of Kazakhstan.

Introduction

Analyses of local wars and special operations show that, in the era
of high-precision weapons and maneuverable combat operations, the
highest importance is given to sophisticated reconnaissance equipment,
topographic and geodetic and navigational support and communications.
They provide timely detection and recognition of targets, command and
control, accuracy and timeliness of strikes. Moreover, they allow all this
to be done in real time.

The process of organizing topographic support for military
operations 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
positions of missile forces and artillery and passing them to appropriate
command and control bodies;

- providing staff 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 combat and during
engagement in it;

- provision of appropriate systems for command and control,
reconnaissance and guidance by digital electronic maps, digital terrain
models;

- organization and timely communication to the troops of the results
of topographic reconnaissance of the terrain and the enemy (Evglevsky &
Morozov, 2005, p.40).
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Topographic-geodetic and cartographic support is one of the main
types of ensuring the effective development of economy, strengthening
the country's defense and security and is a combination of managerial,
production, scientific and educational measures for the creation, storage
and communication of cartographic-geodetic data to consumers,
including the territory and zones of the economic interests of the
Republic of Kazakhstan and territories of foreign states.

The creation and use of cartographic and geodetic data is one of the
most important factors contributing to the solution of key tasks of the
state policy of the Republic of Kazakhstan, the creation of “Digital
Kazakhstan”, an increase in the share of digital products for command
and control, a means in automated control systems.

All this dictates the need to take a fresh look at the problem of
ensuring the country's security and fully sets the task of maintaining a
high level of combat readiness of the Armed Forces, other troops and
military units of the Republic of Kazakhstan, their comprehensive
support, implementation of measures to develop operational (combat)
support in modern conditions.

One of the types of operational (combat) support is topographic and
geodetic support, which consists of the supply of geospatial information
to the headquarters of the Armed Forces, other troops and military units
of the Republic of Kazakhstan, for the effective management and use of
weapons.

Nowadays, 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.

As was the case in the Gulf War, technology aspects are at odds
with each other. Sometimes with technology, expectations become
directly opposite without any kind of warfare. And sometimes a war ends
in a very short time due to technology.

One of the most important parts of all types of wars is intelligence
and operational information about the enemy and his units, reliable and
obtained in a very short time.

The accuracy of the data in this article was proven in the conduct of
hostilities by coalition forces in Iraq. In the article “Electronics today;
November 1996” Major General Gurbaksh Singh says: “Lessons learned
from military history show that victory over the enemy lies in being one
step ahead of him in terms of the timeliness of providing information,
managing subordinate units, and also the use of information systems.
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Information systems and weapon control systems can warn the attack
time, and assume the enemy’s position with high probability and fairly
accurately, in which case it is easier to take the necessary disposition
before the enemy and destroy him” (Satyanarayana & Yogendran, 2009).

The preparation and conduct of warfare is impossible without
reliable information about the terrain, which is reflected in the combat
manuals of the armed forces of many countries of the world, including the
United States.

Currently, the United States production facilities provide the creation
of more than 300 types of geographic information documents not only for
its Armed Forces, but also for the military contingents of the countries
participating in joint operations with the American army. So, after the
collapse of Yugoslavia, in military cooperation with the American army,
military units of 33 countries used the American state standards in the
field of cartography and information documents on the terrain created by
topographers and surveyors of the United States (Azov, 2003).

According to the United States Ministry of Defense, in armed
conflicts and local wars of the new century, the one who will win will be
the one who is able to quickly collect multifaceted, constantly changing
data on the course of the battle, analyze them, draw the right
conclusions, make the right decision and quickly pass it to subordinates.
For a guaranteed victory, it is necessary to achieve the so-called
information superiority over the enemy, which makes it possible to
forestall him in assessing the rapidly changing situation on the battlefield,
making the right decision and planning the course of the operation
(military operations). The description of the current situation should be
large-scale, covering all aspects of the battle, sufficiently generalized and
intuitive to decision-makers (Kulabukhov, 2007, pp.13-15).

The development of the 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
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, optical-
electronic reconnaissance, satellite communications, digital computer
technology, and classical methods of geodesy, cartography, and
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photogrammetry. An analysis of the tasks solved by the topographic
services of the associations of the Armed Forces of the Republic of
Kazakhstan in 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 in comparison to the armies of
developed countries.

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 a society (Kulabukhov, 2007, pp.13-15).

Geoinformation support involves 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, a 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.

A 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. Many other functions are based on these two functions
implemented with GIS (Goodchild & Kemp, 1990).

The term “geographic information system” (GIS), which appeared in
the early 60s of the last century, underwent quite a lot of changes in its
meaning, and for a long time did not have a clear and unambiguous
interpretation. The number of existing definitions is almost equal to the
number of authors who wrote on this topic. And since specialists from the
most diverse branches of knowledge and practice (literally from geology
to sociology) turned to GIS, considering them from their positions, the
definitions of the essence of systems differ quite significantly.

With the development of science, knowledge about the earth, natural
resources, geology and geography, geoinformatics in many countries of
the world previously understood “a specialized section of computer
science that deals with geography” (Ivanov & Markus, 1999, pp.36-37).
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By area of the territory subject to cartographic and geodetic support,
the countries closest to the Republic of Kazakhstan are: Russia, the
USA, Canada and China. RK takes the 9th place in the world.

Historical aspects of the formation and development
of a geoinformation system

The emergence and rapid development of GIS was predetermined
by the rich experience of topographic and, especially, thematic mapping,
successful attempts to automate the cartographic process, as well as
revolutionary achievements in the field of computer technology, computer
science and computer graphics.

Of particular note are the ideas and experience of integrated
thematic mapping, which convincingly demonstrated the effect of
systematic use of diverse data to extract new knowledge about
geographical objects. Complexity and integrability are still the most
important GIS properties that attract users.

Technological support for geo-mapping projects was implemented in
the style of Automatic Design Systems. It is this approach that underlies
modern geographic information systems. In the history of the
development of GIS, the following main periods can be distinguished:

1. Pioneer period (late 1950s - early 1970s).

This is the time of researching the fundamental possibilities of
creating GIS, accumulating knowledge, developing empirical experience,
and creating the first large projects.

2. The period of state initiatives (early 1970 - early 1980).

This period was characterized by the development of large
geoinformation projects supported by the state, the formation of state
institutions in the field of GIS, and the reduction of the role and influence
of individual researchers and small groups.

3. The period of commercial development of GIS (beginning of 1980
- end of 1990).

This was the period of creating a wide market for GIS software,
creating desktop GIS, expanding their scope by integrating them with
non-spatial data bases, the emergence of non-professional GIS users,
and the emergence of distributed geodatabases.
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4. User period (1990 - present)

This period has been characterized by increased competition among
commercial manufacturers of GIS shells, the discovery of software
systems that allowed users to adapt and upgrade the shell to their tasks,
and the beginning of the formation of a global geographic information
infrastructure (Baranov et al, 1999, p.14).

There are a few words to be said about organizations, projects and
researchers who played a key role in the development of GIS.

The beginnings of GIS in Canada

The first geoinformation technologies were developed in the late
1950s - 1960s in Canada, the USA and Western Europe. Among the
main achievements of this period in the GIS theory is the determination
of the fundamental capabilities of geographic information systems; in the
practical sphere, the development of the first large GIS.
The largest and most successful of these was the Canada Geographic
Information System (CGIS), developed under the guidance of renowned
English geographer Roger Tomlinson.

The objectives of this GIS were to map the lands of Canada with
their subsequent classification. It was decided to transfer tens of
thousands of cartographic information storage units to computer media,
to organize databases intelligently and to create software managing all
this. Taken together, all this was to form a GIS.

What is fundamentally new to the creators of the Canada GIS in the
formation and development of GIS technology?

1. The use of scanning to automate the process of entering geodata.

2. The division of cartographic information into thematic layers and
the development of a conceptual solution about “attribute data tables”,
which made it possible to separate the planned (geometric) geo-
information files about the location of objects and files containing
thematic (meaningful) information about these objects.

3. Functions and algorithms for overlay operations with polygons,
calculation of areas and other cartometric indicators, and much more .

The advent of GIS in the USA

The US National Census Bureau, one of the organizations that
played a key role in the development of geographic information systems,
developed GBF-DIME (Geographic Base File, Dual Independent
MapEncoding) format in the late 60s.
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The history of GBF-DIME began in February 1967 when the US
Census Bureau began experimenting with computer mapping. Bureau
programmers struggled with inefficiency and redundancy when
converting printed paper cards to digital cards. The problem was that in
those days, every intersection of streets (in the US cities, there is often a
trellis system when the streets form a grid of streets and avenues) was
entered exactly eight times. According to Donald Cooke, who was a
Bureau programmer at that time and became famous, in particular, for
statements like “paper cards lead to fires but perform decorative
functions well,” the problem was overcome thanks to the principles of
cartographic topology proposed by Bureau's mathematician James
Corbett.

Thus, the encoding scheme, later known as DIME, was discovered.
The main idea was to renumber nodes (in this case, intersections of
streets) and squares (blocks). In the summer of 1967, innovations
showed their effectiveness in practice - they dramatically increased the
efficiency of digitization and error detection and became the basis for
mapping census results.

From the beginning of the 1970s to the beginning of the 1980s, the
design of geographic information systems proved to be very costly, and
the role of individual researchers in this area decreased markedly. At the
same time, the role of state-funded large institutions increased. A number
of large-scale geoinformation projects were implemented (Mishin, 2014).

The most famous of them is the census of the US National Census
Bureau in 1970 using a special topological approach containing a
mathematical method for describing the spatial relationships between
objects, to organize the management of geographical information based
on the presentation format of DIME map data.

This was a revolutionary innovation. The GBF-DIME format was
later transformed into TIGER.

During the 70s, GBF-DIME cards were created for all US cities. This
technology is still used by many modern geographic information systems.

The creation, state support and updating of DIME-files also
stimulated the development of experimental work in the field of GIS
based on the use of databases on street networks:

- automated navigation systems;

- systems for the removal of municipal waste and garbage;

- movement of vehicles in emergency situations, etc.

At the same time, based on this information, a series of atlases of
large cities was created containing the results of the 1970 Census, as
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well as a large number of simplified computer maps for marketing, retail
planning, etc.

That is, in this period of the beginning of the 70s, a phenomenon
such as raster computer mapping appeared. Points, lines and areal
objects on the map were represented by many symbols. These data
could be displayed on the plotter in various scales and projections. All
attention and efforts at that time were focused on the map itself and then
the foundations of modern GIS technology were laid.

The obvious advantage of computer mapping was the ability to
select a site on the map and quickly draw it, while it took weeks to
introduce changes to the map before introducing computer mapping. In
the 80s, the foundations of modern computer cartography were laid. At
this time, the attention and efforts of researchers were mainly focused on
creating a high-quality digital map using graphic objects (points, lines and
polygons) represented by a variety of coordinates. The obvious
advantage of electronic cartography was the ability to select a plot on the
map, change the scale, and display it on the plotter in various scales and
projections. However, the cost of hardware and software was not
available to all specialists. In this regard, opinions were even expressed
about not promising and inexpedient development of GIS technology due
to a very high price of the final product.

The oldest companies, founded in 1969, which are, to this day, the
largest GIS developers, are ESRI (Redlands, California) and Intergraph
(Huntsville, Alabama). These two companies are the producers of the
most popular geographic information systems in the USA and in the
world - for example, together they produce exactly half of the GIS used in
the USA.

The largest contribution to the development of GIS and GIS
technologies during this period was made by ESRI. The first ESRI
commercial product, Arcinfo, was released in 1981. In the same year, the
first ESRI user conference was held, bringing together 18 people. As new
operating systems and new hardware emerged, Arcinfo quickly moved to
new platforms. Deliveries of the latest version of the system - Arcinfo 8 -
began a few months ago.

ESRI later focused on developing fundamental GIS ideas and
applying them to real-world projects, such as developing a Baltimore
reconstruction plan or helping MobilQil select a site in Reston.

Digital terrain models in the form of an irregular triangulation network
were built at Simon Fraser University, which carried out the order of the
US Defense Department. The main objective of the project was to solve
the problem of matching the real hypsometric profile of a certain territory
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(in other words, the elevation profile) with the model embedded in the
computer. In other words, it was the military task of accurately guiding
missiles at a target.

Widespread GIS and their active development led to a significant
increase in competition in the market of geoinformation products, the
intensification of research on their further improvement. At the same
time, the processes of globalization of the geographic information
infrastructure began.

The so-called "Age of Maturity" of GIS coincided in time with the
intensive development of computer networks, which played a positive
role in supplying geographic information systems with a wide variety of
information. At this time, the demand for thematic information made us
pay attention to the problem of data collection. The idea of an integrated
information environment was formed when the data of space and aerial
photographs coexisted peacefully in one system with a digital
topographic base, various database tables, graphs, etc.

And finally, in the 90s, intelligent information systems appeared,
using both visual and sound images, a variety of multimedia features.
One of the latest achievements in the field of GIS is the construction of
virtual worlds, while GIS provides three-dimensional visualization (lvanov
& Markus, 1999).

The GIS is currently a multimillion-dollar industry that involves
millions of people around the world. Many experts call this period the
user period, since the market for geographic information products has
turned into the so-called customer market, when increased competition
leads to the fact that the buyer, his preferences and needs begin to play
a major role in the market.

During this period, an example of a new attitude towards users was
shown by the developers and owners of the geographic information
software GRASS (Geographic Resources Analysis Support System) for
workstations created by the American military specialists (Army Corpsof
Engineers) for the tasks of environmental management and land
management.

They opened GRASS for free use (public-domain), including the
removal of copyrights to the source code of programs. As a result, users
and programmers can create their own applications, integrating GRASS
with other software products.

Currently, GRASS Version 4.1, created in 1993, including the source
code of the programs, system and reference documentation, a training
manual for users, a number of data sets as examples, is openly
distributed on the Internet.
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An example of Army Corpsof Engineers was followed by ESRI,
which opened its ArcView 1 forWindows software product in 1994 for
unlimited free use (also available on the Internet).

Currently, the leaders in global GIS are the products of two firms -
this is the ArcFM system of the American company ESRI, and it provides
users with a variety of tools. ESRI has strengthened its position as a
leading provider of GIS software products; in 2017, it accounted for more
than a third (more precisely, $ 736.7 million, or 36%) of total sales of GIS
software.

Intergraph Corporation (Huntsville, Alabama) took the second place
in terms of sales of GIS software products. According to Daratech
estimates, in 2017 this corporation delivered software for $ 246.8 million,
which is 9% of the total sales in the industry (in 2008 its share was 16%),
(Gorno-Altayskiy Gosudarstvennyy Universitet, 2020).

The saturation of the market with GIS software tools, especially
those designed for personal computers (Desktop GIS), has dramatically
increased the scope of GIS technologies. This required substantial sets
of digital geodata, as well as the need to form a system of training and
education for GIS specialists. The GIS is studied in schools, colleges and
universities.

Unfortunately, Kazakhstan and the former USSR did not participate
in the global development of geographic information technologies until
the mid-1980s. Nevertheless, our country has its own experience in the
development of geographic information systems and technologies
(Gorno-Altayskiy Gosudarstvennyy Universitet, 2020).

GIS history in Europe

In general, the achievements of the United States overshadow the
achievements of Europe, and indeed the rest of the world. Nevertheless,
Europe has also made a significant contribution to the process. The
situation with computer mapping in Europe had certain differences, which
led to the fact that Europe went its own way in the process of developing
GIS.

It is interesting that one of the first successful experiments using the
principle of complexing (combining and superimposing) spatial data using
an agreed set of maps dates back to the 18th century! The French
cartographer Louis-Alexandre Berthier used the transparent layers
superimposed on the base map to show the movement of troops in the
battle of Yorktown (Kulabukhov, 2007, pp.13-15).

The fact is that almost every European country has its own national
cartographic agency.
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Thus, about 30 organizations produce maps in Europe on a scale of
1:25 000 and higher, while in the United States there are only two such
organizations - the civilian US Geological Survey and the military
Defense Mapping Agency. In addition, the national cartographic agencies
of European countries had more responsibilities and were engaged in
both cadastres and land information systems - that is, they did the part of
the work that universities or private campaigns did in the USA.

Some of the European agencies started experimenting with
computerized inventory databases (for example, in Sweden and Austria)
very early. Ordnance Survey in England, IGN in France and the national
mapping agency of Germany quite successfully mastered the new
technology. There were other pioneers. Alas, their heyday never came.

Unfortunately, the European companies that worked with GIS were
not as successful as their American counterparts. So, approximately at
the same time as ESRI and Intergraph, the English Ferranti and the
Swiss Contraves were founded (a little later the Norwegian Koninglike
Wappenfabriek and the German Messerschmidt-Boelkow-Bluehm joined
them).

Ferranti offered a geographic information system for cadastral
mapping in the late 70s, but soon disappeared from the market. Why did
it stop developing? There is still no answer to this question.

Much can be gleaned from collections of reports at early GIS
conferences. Survey companies such as Wild and Kern (which later
merged with Leica) took up GIS under the influence of a successful
project in Basel. The companies went in different ways - one of them
adapted American products for the European market, the other
developed its own product. Siemens, Laser-Scan (recently celebrated its
thirtieth birthday) and Smallworld are European companies founded in
the years of the GIS and still operating. True, you will not immediately
remember which GIS each of them proposed.

It is believed that many of the differences between European and
American GIS histories are caused, firstly, by the difference in the
education system, and secondly, by the fact that people from various
professions were involved in the creation of GIS on different sides of the
Atlantic. In Europe (especially in Germany) they were mainly surveyors,
in the USA - geographers. Programmers played a big role on both
continents. In addition, the good old European conservatism influenced
the development of GIS. Nevertheless, the exchange of ideas between
Europe and America was very effective.
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History of development of topogeodesic support in
the Republic of Kazakhstan

The history of mapping of Kazakhstan is inextricably linked with the
mapping of the territory of the USSR. Until 1945, all topographic and
geodetic and cartographic work was carried out by the topographic and
geodetic teams of the Central Asian Airborne Geodetic Enterprise and by
the topographic teams of the West Siberian Airborne Geodetic Enterprise
Figure 1.

Figure 1 — Mapping the territory of Kazakhstan
Puc. 1 - KapmoepaghuposaHue meppumopuu KazaxcmaHa
Cnuka 1 — Manupare mepumopuje KazaxcmaHa

In order to prepare personnel for the tasks of mapping the territory of
Kazakhstan, by order of the USSR Minister of Education and the head of
the Main Directorate of Geodesy and Cartography under the Council of
Ministers of the USSR No. 64/195 of July 3, 1946, the Semipalatinsk
Topographic College was opened. In the period from 1960 to 1985, the
military department of the Semipalatinsk Topographic College carried out
training with the qualifications of technician-geodesist, technician-aerial
photo-geodesist, cartographer, and a military rank of sublieutenant.

Officers graduating from the topographic college served in the vast
expanses of the Soviet Union - in Central, Central Asia, Volga, North-
West, Siberian, Ural and Far Eastern districts, and also performed
international duties in Afghanistan, Africa and other countries.
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After the independence had been gained, graduates of the
topographic college continued their service in the ranks of the
topographic service of the Armed Forces of the Republic of Kazakhstan,
namely: Lieutenant Colonels Myrzabaev K.S., Yaudenov B., Boyandinov
A.B., Kozlov AV., majors Shipilin Yu.V., Akishbaev S.S., foreman
Konakpaev S.K., sergeant Acheulov A.A., and many others.

Some graduates of the topographic college (not having the military
rank of sublieutenant) decided to connect their fate with the army and
graduated from the Leningrad Higher Military Topographic Command
School named after Army General Antonov (later the St. Petersburg
Higher Military Topographical Command School, 2003; Military
Topographical Institute of the F.M. Mozhaysky Military Space Academy):
reserve colonel Mausymbekov E.Z., master, colonel Zakiev E.S. and
colonel Dzhanpeisov M.E.

From 1984 to 2005, only 5 officers graduated from the Leningrad
Higher Military Topographic Command School named after the Army
General Antonov (reserve colonel Karabalaev N., Zh., reserve lieutenant
colonel Kenzebekov B.K., Lahanov K.T. colonel Baizanov A.L. (PhD) and
colonel Maykhiev D.K.).

From 1990 to 2003, 7 officers (reserve colonel K.S. Bayashev,
master colonel E. Zakiev, colonels S. Zholdybaev, S. Ashirov, P. P.
Goncharenko, and reserve captains Kemerbaev N.T. and Mikhailovsky
P.V.) graduated from the St. Petersburg Higher Military Topographical
Command School (Zakiev & Gerasimov, 2017, pp.94-100).

They held various positions in the topographic service of the Armed
Forces of the Republic of Kazakhstan. During 28 years of the existence
of the topographic service of the Armed Forces of the Republic of
Kazakhstan, it has undergone a number of transformations and changes
in the organizational structure.

1992-1998

The Military Topographic Directorate of the General Staff of the
Armed Forces of the Republic of Kazakhstan - creation and
establishment of a topographic service.

1998-2001

The topographic service of the main operational management of the
General Staff of the Armed Forces of the Republic of Kazakhstan during
this period created the Republic State Enterprise Kazakhstan GIS Center
with modern equipment to create topographic maps for the aircraft.
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2001-2007

The Main Directorate of New Technologies of the Armed Forces of
the Republic of Kazakhstan developed the "Concept for the creation of a
geoinformation system of the Armed Forces of the Republic of
Kazakhstan", which defines the main directions for the development and
implementation of a geoinformation system in the command and control
system.

In order to implement the Law of the Republic of Kazakhstan “On
Geodesy and Cartography” and the Concept for the creation of a
geographic information system of the Armed Forces of the Republic of
Kazakhstan, an order was issued by the Chairman of the Committee of
Heads of Staff - First Deputy Minister of Defense of the Republic of
Kazakhstan No. 288 dated July 6, 2005 “On the implementation of a
geographic information system and software Maplinfo Professional in the
Armed Forces Republic of Kazakhstan".

In addition, the Kazakhstan GIS Center joint stock company in the
Maplnfo Professional program for the Armed Forces of the Republic of
Kazakhstan created digital (vector) topographic maps of the territory of
the Republic of Kazakhstan on a scale of 1: 1,000,000, 1: 500000, 1:
200000, 1: 100000, and the creation of digital topographic maps with
scale updates of 1: 50,000 (Zakiev, 2012).

2007-2010

With the withdrawal of the Military Topographic Directorate from the
DPO (Department for Operational Planning of the Republic of
Kazakhstan) and its transformation into an independent structural unit,
certain measures were taken to improve the structure of the existing
topographic support system.

In implementation of the provisions of the Military Doctrine on the
self-sufficiency of groupings of troops, the provision of topographic and
geodetic information to formations, military units and institutions is carried
out on the basis of territorial affiliation from regional map stores.

The positions of chiefs of topographic services and topographical
officers were introduced in the types of armed forces, military branches,
regional commands, and constant readiness formations. Thus, a
command and control structure was created from the tactical to the
strategic level. In January 2010, the Military Topographical Directorate
withdrew from the DPO. In 2008, the achievements in the field of digital
cartography were demonstrated to the Supreme Commander-in-Chief of
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the Armed Forces of the Republic of Kazakhstan - the President of the
Republic of Kazakhstan.

The topographic service participated at the joint exercises of the
CRRF CSTO (Collective Rapid Reaction Force of Collective Security
Treaty Organization) Interaction-2009.

The training of reserve officers of topographic and geodetic
specialties began in the Military Department of the S. Seifullin Kazakh
Agro Technical University.

2010-2014

During this period, the Military Topographic Directorate of the
General Staff of the Armed Forces of the Republic of Kazakhstan
acquired modern topographic and geodetic instruments for performing
topographic and geodetic work, Figure 2.

Figure 2 — Production of the terrain models by topographers of the Armed Forces of the
Republic of Kazakhstan in 2010
Puc. 2 — NzzomoeneHue makema mecmHocmu monozpaghamu BC PK 2010 a.
Cnuka 2 — Moden mepeHa Koju cy uspadunu monoepachu OpyxaHux cHaza Penybnuke
KasaxcmaH 2010. 200uHe
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At the joint exercises of the Shanghai Cooperation Organization
Peace Mission-2010, the topographic service produced layouts of the
area and completely restored the points of the state network and the
points of the artillery network at the Matybulak training ground and at
other military training grounds in the Republic.

In 2012, at the National University of Defense, a new course -
Geoinformation Systems - was introduced at the Faculty of General Staff
and subsequently for all specialties at the master's program, Figure 3.

Figure 3 — Lesson with undergraduates in the GIS course
Puc. 3 — 3aHssmue ¢ mazucmpaHmamu o ducyunnuHe « UCx»
Cnuka 3 — lNpedasar-e u3 npedmema MMC nocmdunnomyuma
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2014-2017

During this period, the Department of Geoinformation Support of the
Main Directorate of Armed Forces of the Republic of Kazakhstan
purchased a mobile navigation and geodetic complex for the topographic
part intended for the operational solution of tasks related to topographic
and geodetic training of areas for combat use of troops, topographic and
geodetic reference (control of the accuracy of topographic and geodetic
reference) of the elements of military combat units, and topographic
reconnaissance, Figure 4.

Figure 4 — Mobile navigation and geodetic complex
Puc. 4 — NodsuxxHbIl Hagu2auUuoHHO-2e00e3U4ecKuUll KOMIMIeKc
Cnuka 4 — MobunHa Hasuzayuja u eeo0emcku Komrniaem

At the National University of Defense named after the first president,
Elbasy, a new subject named Topogeodesic Support of Troops was
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introduced in September 2016 and a unified program for the Military
Topography subject is being developed together with the Defense
Ministry of Kazakhstan for all military institutes of the Armed Forces of
the Republic of Kazakhstan.

As a result of studying the discipline, undergraduates of the National
University of Defense named after the First President of the Republic of
Kazakhstan - Elbasy should be informed:

- about the principles, tasks and systems of topographic and
geodetic support;

- about the organizational structure of the topographic service of the
Armed Forces of the Republic of Kazakhstan;

- about the system of providing troops with topographic maps, initial
astronomical and geodetic data, special maps and photo documents of
the area;

- on the purpose, armament and capabilities of the units of
topographic and geodetic support;

- about the features of the tasks of topographic and geodetic support
in various conditions;

- about modern concepts of the development of geographic
information technology.

They should know:

- the content of measures of topographic and geodetic support of
military operations of troops;

- organization of topographic and geodetic support;

- about geographic information technologies and their use in the
command and control system;

- about the capabilities of geographic information systems and their
development trends in the leading countries of the world.

They should be able to:

- plan and organize events for topographic and geodetic support of
troops;

- perform stock calculations of topographic maps and special works;

- develop a plan for topographic and geodetic support and orders;

- work in a geographic information system with software (input,
manipulation, management, query and analysis, visualization);

- identify and relate GIS problems to other sciences;

- apply GIS on command post exercises and in everyday
performance.
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The should familiarize themselves:

- with the purpose of geographic information technology in the
processing of digital information about the area and its use;

- with the main directions of the development of geographic
information technology in the state and the Armed Forces.

From 2013 to the present, undergraduates have been lectured in the
discipline of Geoinformation Systems by years: 2013 - 60 people; 2014 -
83 people; 2015 - 113 people; 2016 - 137 people; 2017 - 149 people;
2018 - 121 people, 2019 - 113 people, which is total of 776 people.

2017-2019

The Directorate of Geographic Information Support of the Center for
Military Space Programs of the Ministry of Defense of the Republic of
Kazakhstan.

The problem of using unified geoinformation data 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 Operations Management Center and

- in the CoES 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.

From 2002 to 2016, a large volume of cartographic materials in the
Mapinfo format has been created in the Ministry of Defense of the
Republic of Kazakhstan. 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.
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At the same time, the conversion of geospatial data from one format
to another is carried out with a loss of quality of materials (Zakiev et al,
2020, pp.356-382).

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.

To address all of the above aspects, officers of the National Defense
University named after the First President of the Republic of Kazakhstan,
the Leader of the Nation, took part in a competition for grant funding for
the project Development of the geographic information system in the
Armed Forces, other troops and military units of the Republic of
Kazakhstan.

The purpose of the project is improving the quality of geoinformation
information and increasing the effectiveness of planning and decision-
making in combat operations and operations in the Armed Forces, other
troops and military units of the Republic of Kazakhstan.

The tasks are:

- to develop the principles and requirements for the system of
preparation and accumulation of unified geographic information and
support in peacetime and wartime, and

- to develop recommendations for improving the system of
transmission and control of geographic information of the Armed Forces,
other troops and military units of the Republic of Kazakhstan.

2019 - until now

The Department of Geoinformation Support of the General Staff of
the Armed Forces of the Republic of Kazakhstan plans to adopt in 2021 a
Special Geoinformation Platform (hereinafter - the SGIP) created as part
of the implementation of the scientific and scientific-technical program as
part of targeted funding for the scientific and scientific-technical program
(hereinafter - the program) “Development of a special GIS platform for
the defense and security of the Republic of Kazakhstan.”

The SGIP allows organizing the accumulation, storage, accounting,
search and provision of interested consumers with geospatial information
in real time on the principle of geographically distributed data banks.

Such information will be available in the electronic form to various
categories of users through geoportals, both through secure and open
channels of the Ministry of Defense data transmission system to other
troops and military units in the Republic of Kazakhstan.
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To date, navigation support in the Armed Forces of other troops and
military units, related services and technical equipment has developed
separately by braches and arms without close mutual coordination of
organizational structures and coordination of technical policies for the
creation of navigation equipment and systems. This entailed a number of
organizational and technical problems.

The creation of a single special geographic information platform will
allow the formation of a functional, organizational and technical unity of
all weapon systems. Its concept is based on the principle of centralized
management in combination with a rational distribution of powers and
responsibilities between military command and control bodies.

Conclusion

Spatial data is crucial for a military commander in a battle, as he is
responsible for making decisions in operation planning and developing.
The Ministry of Defense in any country collects data on routing, filtering,
analysis and presentation of information for decision-making. Regional
conflicts, rapid deployments, and flexible responses place a heavy
burden on military commanders, their staff, and auxiliary systems to
maintain the situation on the ground with regard to enemy operations.
Visualizing raw tabular data in a spatial structure has many advantages.
Therefore, digital mapping and GIS are central to such diverse activities
as battlefield simulation, mission briefing and communications planning,
logistics management and team management.

The analysis of geospatial support systems made it possible to
identify their main features and directions for future development. In
particular, technologies are developing in the direction of the distribution
of geoportals, cloud services and the development of service-oriented
architecture systems that will allow the creation of distributed GIS of
various kinds. Integration of geographic information systems with rapidly
developing remote sensing systems of the Earth will dramatically
increase the capabilities of modern GIS, allowing real-time updating of
spatial information, especially in the field of important decision-making. It
can be suggested that the three main categories of data collection used
to create GIS databases include: field data collection and GPS, aerial
reconnaissance, and satellite reconnaissance.

Thus, the Unified Special Geographic Information Platform will
provide full and current cartographic and other specialized information
about the navigation situation to all control units, which completely
eliminates duplication and significantly reduces the time it is brought to
the troops.

633

Zakiev, et al., Application of geoinformation technology in the armed forces in the Republic of Kazakhstan, pp.612-638



’z‘ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2020, Vol. 68, Issue 3

References

Azov, V.Yu. 2003. Kontseptsiya sozdaniya yedinoy informatsionno-
upravlyayushchey struktury VS SSHA. Zarubezhnoye voyennoye obozreniye, 1
(in Russian) [online]. Available at: http://pentagonus.ru/publ/3-1-0-72 [Accessed:
10 May 2020]. (In the original: Asog, B.KO. 2003. KoHuenuus co3gaHusa eguHom
nMHpopmaumoHHo-ynpaenstowen crpyktypel BC CLUA. 3apybexHoe eoeHHOe
o0bo3peHue, Ne1)

Baranov, Yu.B., Berljant, A.M., Kapralov, E.G., Koshkarev, A.V., Serapinas,
B.B., & Filippov, Yu.A. 1999. Geo-Informatics. Explanatory dictionary of basic
terms. Moscow: GIS Assotiation (in Russian). ISBN: 5-89227-019-X [online].
Available at: http://www.geokniga.org/bookfiles/geokniga-berlyant-amkoshkarev-
avgeoinformatikatolkovyy-slovarmgis-associaciya1999.pdf [Accessed: 10 May
2020]. (In the original: bapaHoB, O.B., bepnaut, A.M., Kanpanos, E.T.,
Kowkapes, A.B., CepanuHac, b.b6., dununnos, KO.A. 1999. eouHghopmamuka.
Tornkoenbili criogapb 0CHOBHbIX mepmuHos. Mockea: T'MC Accoumaums. ISBN: 5-
89227-019-X).

Evglevsky, 1.V., & Morozov, N.N. 2005. Opyt TGO boyevykh deystviy voysk
v 21 veke. Nauka i voyennaya bezopasnost, 2, pp.39-43 (in Russian). (In the
original: Eernesckun, W.B., Moposos, H.H. 2005. OnbiT TIO 60eBbIX gencTaui
Bomnck B XX Beke. Hayka u soeHHasi 6e3onacHocms, Ne2, ¢.39-43).

Goodchild, M.F. & Kemp, K.K. 1990. NCGIA Core curriculum in GIS [e-
book]. Santa Barbara, CA: National Center for Geographic Information and
Analysis, University of California. Available at:
https://ibis.geog.ubc.calcourses/klink/gis.notes/ncgia/ [Accessed: 10 May 2020].

-Gorno-Altayskiy Gosudarstvennyy Universitet. 2020. Istoriya razvitiya
geoinformatsionnykh sistem (in Russian) [online]. Available at: http://e-
lib.gasu.ru/eposobia/gis/2.html [Accessed: 10 May 2020]. (In the original: MopHo-
AnTanckmn rocyaapcTBeHHbIn  yHuBepcuteT. 2020. Ucmopus passumusi
2e0UHOpPMaUUOHHbIX cucmem [oHnanH]. [ocTtynHo no agpecy: http://e-
lib.gasu.ru/eposobia/gis/2.html).

Ivanov, V., & Markus, A. 1999. Topograficheskaya karta 21 veka. Armejskij
sbornik, 9, pp.42-45 (in Russian). (In the original: MiBaHog, B., Mapkyc, A. 1999.
Tonorpadgudeckas kapta XXI Beka. Apmelickuli cbopHuk, Ne 9, c.42-45).

Kulabukhov, A.N. 2007. Primeneniye sovremennykh informatsionnykh
tekhnologiy v khode planirovaniya boya. Voyennaya mysl, 9, pp.13-15 (in Russian)
[online].  Available at:  http:/militaryarticle.ru/voennaya-mysl|/2007-vm/10046-
primenenie-sovremennyh-informacionnyh-tehnologij-v [Accessed: 10 May 2020]. (In
the original: Kynabyxos, A.H. 2007. lNpyMeHeHne coBpeMEHHBLIX MHOPMALIMOHHBIX
TEXHOMOMI B X04e nriaHMpoBaHus 6os. BoeHHast Mbicrib, Ne 9, ¢.13-15).

Mishin, E.I. 2014. Geograficheskiye informatsionnyye sistemy: Uchebnoye
posobiye. Smolensk: Smolensk State Agricultural Academy (in Russian) [online].
Available at: http://www.sgsha.ru/sgsha/biblioteka/Geograf vet.pdf [Accessed:
10 May 2020]. (In the original: MuwwuH, E.WN. 2014. [leozpagpuyeckue
UHGOpMayUOHHbIEe cucmembl: Y4ebHoe mnocobue. CmoneHck: OOy BI1O
«CmoneHckas TCXAy).

634



Satyanarayana, P., & Yogendran, S. 2009. Military applications of GIS.
Geospatial World, 9 January [online]. Available at:
https://www.geospatialworld.net/article/military-applications-of-gis/ [Accessed: 10
May 2020].

Zakiev, E.S. 2012. Geoinformatsionnaya sistema v VS RK: Uchebno-
metodicheskoye posobiye. Shchuchinsk: Izdatelskiy tsentr NUO (in Russian). (In
the original: 3akues, E.C. 2012. eouHgbopmayuoHHass cucmema 6 BC PK:
Y4yebHo-memoduyeckoe nocobue. WyunHek: Nspatensckun ueHTp «HYOw).

Zakiev, E.S., & Gerasimov, S.V. 2017. 25-let topograficheskoy sluzhbe
Vooruzhennykh Sil Respubliki Kazakhstan. In: Proceedings of International
scientific-practical conference Professionalization of the army - a reliable
guarantor of ensuring the military security of the state, Astana, pp.94-100 (in
Russian). (In the original: 3akueB, E.C., lepacumos, C.B. 2017. 25-net
Tonorpacmyeckon cnyxbe BoopyxeHHbix Cun Pecnybnuku KasaxctaH. B:
C6opHUK Mamepuarnos Mex0yHapoOHOU Hay4HO-rpakmuyeckol KoHghepeHUyuu
«lpogpeccuoHanusayus apmuu — HalexHbIl 2apaHm obecriedeHuUs1 80eHHOU
b6esonacHocmu eocydapcmear, ActaHa,c.94-100).

Zakiev, E.S., Pankov, S.V., & Kalabay, K.B. 2020. Application of
geoinformation systems in the armed forces and other military formations in the
Republic of Kazakhstan. Vojnotehnicki glasnik/Military Technical Courier, 68(2),
pp.356-382. Available at: https://doi.org/10.5937/vojtehg68-25830.

MPUMEHEHWE FEOVH®OPMALIMIOHHBIX TEXHONOI N B
BOOPYXEHHbIX CUNAX PECMYBINUKU KASAXCTAH

EpnaH C. 3akues®, koppecnoHaeHT, Cepukxat K. KoxaxmeTos®

@ HauuoHanbHbIn yHMBepeuTeT 060poHbl MMeHu Mepsoro MNpeanaeHTta
Pecny6nukn KasaxctaH — Enbacsl,
dakynbTeT LUMdpoBbIX TEXHOMOMMIA U 6e3onacHOCTU MHPOPMALIMOHHBIX
CcUCTEM,
Kadeapa MMUTaLUMOHHOIO MOAENUPOBAHUSE U MHPOPMALIMOHHBIX CUCTEM,
r. Hyp-CyntaH, Pecnybnuka KasaxcrtaH

6 HaumoHanbHbI YHUBEpcUTeT 0060pOoHbI MMeHn MNepeoro MNpe3naeHTa
Pecny6nukn KasaxctaH — Enbacel,
dakynbTeT MaTepuanbHO-TEXHNYECKOro obecneyeHmnst BOVicK,
kadbenpa TbINoBOro obecneveHus,
r. Hyp-CyntaH, Pecnybnuka KaszaxctaH

PYBPUKA TPHTW: 36.00.00 FTEOOE3NA. KAPTOIPA®UA;
36.29.00 Tonorpacusa. dotoTonorpadus
36.29.33 Tonorpadunyeckme 1 cneumnannanpoBaHHble KapThbl
1 nnaxbl. Undposbie Mogenu mectHocTr
BWO CTATbW: npodeccrmoHanbHas ctaTbs

635

Zakiev, et al., Application of geoinformation technology in the armed forces in the Republic of Kazakhstan, pp.612-638



’E‘ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2020, Vol. 68, Issue 3

Peswome:

Beedenue/uens: [aHHas cmambsi HarnucaHa C UEslbl0 O3HaKOMIIEHUS
Yyumamenel ¢ eeouHghopmauUuoHHOU mexHonoauel 8 rpouecce
ope2aHu3auyuu  moroeeode3udecko2o obecrievyeHusi, a Mmakxe C
ebipabomkoli pekomeHOauull U rpednoxeHull, Komopble [038015IM
cchopmuposampb  achgheKmusHyt0 U OSIHOUEHHY0  cucmemy
2e0uHebopMayUoHHO20 obecrnieqeHusi BoopyxeHHbIx Cun, dpyaux eolick
U 80UHCKUX ¢hopmuposaHuli Pecriybriuku Kasaxcmar.

Memoodebi: [lNpumersii  aHanumu4veckul nodxod npu uccredosaHuUU
MPUYUH  JIOKallbHbIX  BOUH U  BOOPYXEHHbIX  KOHGQY/IUKMO8 C
UCronb308aHUEM BbICOKOIMOYHO20 OpPYXUsi U MaHe8peHHbIX 60e8bix
Oelicmeuti c OMOWbH0 8U008bIX cpedcme passedku,
2e0UHOPMaUUOHHbBIX cucmem U ¢8s3u. Bbieodbi bbiriu cOenaHbl U Ha
OCHOBaHUU aHanu3a UCMOPUYECKUX acrieKkmos CmaHo8MeHus U
passumusi 2e0UHGOPMaYUOHHOU MEeXHOoIo2uU.

Pesynbmambi: B cmambe npusedeH Kpamkul 063op cucmem
2e0npocmpaHcmeeHHO20 obecrieyeHust c UCronb308aHUeM
2e0UHGhOPMAaUUOHHbIX mexHonnozauli 8 3apybexHbix 2ocydapcmeax u
morioepachuyeckou cryxbe BoopyxeHHbix Cun Pecriybrnuku Kasaxcmar.

Bbigodbi: CosdaHue eOuHO20 20CydapCmeeHHO20 2eoepaghuqeckozo
UHGhOPMAaUUOHHO20  MpocmpaHcmea  SIefiiemcsi  8ecbMa  8aXKHbIM
gakmopoM, maK Kak MmexHO/I02UU pa3eusaromcsi 8 HarpasnieHuu
jpacrnpocmpaHeHusi eeoriopmaros, o0bnayHbIX Cepeucos U passumue
cucmeM  CepPBUCHOOPUEHMUPOBAHHOU  apXumeKmypbi,  Komopble
obecrieyam coslaHue NC pasnu4Holi HarnpaesneHHocmu. MHmezpauyusi
2e0UH(bOPMaYUOHHBIX ~ cucmeM ¢ Obicmpo  pa3susaruuMucs
cucmemamu OUCMaHUUOHHO20 30HOUposaHuUsi 3eMriu pesko ysenuyum
803MOXHOCMU cospeMeHHbIX VIC, no3eorisis 8 pexume pearibHO20
8peMeHU  aKmyanuauposamb  [POCMPaHCMBEHHYIO  UHGhopMauuto,
0COBEHHO 8 0bIacMU MPUHSIMUST 8aXKHbIX PeLeHUU.

Knovesnie crosa: 260UHhopMayUOHHbIE mexHorsoauu,
2680UHPOPMaYUOHHOE obecrieyeHue, 2e0UHopMayus,
260UHhOpMayUOHHass cucmema, cucmeMbl 2e0MpPOoCmMpPaHCMeeHHo20
obecrie4yeHus, monoapaghuyeckas cnyxo6a, cucmemsbl
OucmaHUUOHHO20 30HOUPOBaHUS, B00PYXEHHble cusbl Pecnybnuku
KasaxcmaH.
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NMPUMEHA TEOUH®OPMALUMOHE TEXHOJIOMTNJE Y OPYXXAHUM
CHAIAMA PEMYBJTIMKE KA3AXCTAH

Epna+ C. 3akujes®, ayTop 3a npenucky, CepukxaH K. KoxaxmeTos®
@ HapoaHu yHuBepauteT onbpaHe ,[MpBu NpeaceaHunk
Peny6nuke KasaxctaH — Enbacu”,
dakynTeT UHdOPMaUMOHNX TeXHomoruja n 6e3beaHocTN MHDOPMaLMOHUX
cucTema,
Kategpa cumynauvoHor MmoaenoBara v MHPOPMaLMOHUX cuctema,
Hyp-CynTtaH, Penybnuka KasaxctaH
6 HapogHu yHuBep3uTeT oabpaHe ,[NpBu npeacenHuk
Peny6nuke KasaxctaH — Enbacu”,
dakynTeT BojHe noructuke, Ogerbexe NorucTuke,
Hyp-CynTtaH, Penybnuka KasaxctaH

OBNACT: nHdopmaumoHe TeXHoornje, reoMHopMaLMoHe TeEXHOMornje
BPCTA YJ1AHKA: cTpy4Hu pag

Caxemak:

Yeod/uyurb: Lurb 4YnaHka je da yrnosHa Yumaoue ca 2e0UHopMayUoOHOM
MEeXHOI02UjOM y MpoUecy op2aHu308aHa morogpaghcke u 2eodemcke
rnodpwke, kKao u Oa 0a nperiopyke u rnpedrnoze Koju he omozyhumu
gopmupar-e egukacHoz u ceeobyxeamHoe cucmema
2e0UHghopmayUoHe NModpuIKe 3a OpyXaHe CHaeze, ocmarie mpyre u 80jHe
JjeduHuue Penybnuke Kasaxcmar.

Memode: Npu memoly aHarnuse y3poka JIOKa/lHUX pamoea, OpyKaHux
cykoba u yrompebe BUCOKO-NpeyU3Ho2 opyxja y eohemy 6opbeHux
oriepauuja y Kojuma ce rpumMmersyjy cogucmuyupaHa cpedcmea 3a
usguharbe, Kao u caspeMeHU 2eoepadhCKu UHGhoOpMaUuUoHU cucmemu u
KOMyHUKauuje, KopuwheH je aHanumudku npucmyn. 3akibyduu cy
u3gedeHU U Ha OCHO8Yy aHaslu3e UCMOPUJCKO2 passoja 2eoepaghCcKux
UHGbopMayUOHUX mexHorioauja.

Pesynmamu: Ykpamko cy npuka3saHu cucmemu 2e0rpocmopHe rnodpuike
Koju Kopucme eeouHhopMauyuoHe mexHosioguje, Kako y cmpaHum
3eMrbama, mako U y morogpacghckoj cryxbu OpyxaHux CcHaea
Penybnuke Kazaxcmar.

Sakrbyyak: Cmeaparse jeduHcmeeHoe OpxasHo2 2eoUHEhopMayUOHO2
npocmopa je 00 eenuke eaxHocmu, bydyhu Oa ce mexHoroauje
passujajy y npasuy ducmpubyuyuje 2eoriopmara, Ka ycryaama rymem
cloud-a u cucmemuma padyHapcke apxumeKmype yCMePEHUM Ha ycriyae,
Koju he omoayhumu cmeapaH-e pa3HOBPCHUX 2e0UHGHOPMAaUUOHUX
cucmema. VIHmeepucare aeozspaghckux UHGhOPMaUUoOHUX cucmema ca
cucmemuma OarbuHcke Oemekuyuje 3emrbe Koju ce 6p30 passujajy
Opacmu4yHo he  nosehamu  mozyhHocmu  modepHoe  [UC-a,
omoeyhasajyhu axypupaH-e poCMOpHUX UHgbopMayuja y pearHom
8pemeHy, nocebHo y obnacmu GoHOWEHa 8aXKHUX 00rTyKa.
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KrbyuHe pedu: 2eouHgbopmayuoHe mexHosoauje, 2eouHgopmayUuoHa
nodpwka, 2eouHghopmauyuje, 2eo0UHbopMayUoHU cucmem, cucmemu
eeornpocmopHe  nodpwke, moroegpagcka  cryxba, cucmemu
OarbUHCcKe demekuyuje, opyxkaHe cHaze Penybriuke KasaxcmaH.

Paper received on / [lata nony4yenusi pabotsl / Jatym npujema ynaHka: 11.05.2020.
Manuscript corrections submitted on / lata nony4eHus ncnpaBneHHom Bepcun paboTbl /
Jatym goctaerbama ncnpasku pykonuca: 24.06.2020.

Paper accepted for publishing on / lata okoH4YaTensHoro cornacosaHus pabotel / Jatym
KOHa4Hor nNpuxBaTana YnaHka 3a objaBrouBame: 26.06.2020.

© 2020 The Authors. Published by Vojnotehnicki glasnik / Military Technical Courier
(www.vtg.mod.gov.rs, BTr.mo.ynp.cpb). This article is an open access article distributed under the
terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/rs/).

© 2020 AeTopbl. OnybnukoBaHo B «BoeHHo-TexHu4yeckuin BecTHuk / Vojnotehnicki glasnik / Military
Technical Courier» (www.vtg.mod.gov.rs, BTr.mM0.ynp.cp6). [lJaHHasi cTaTbsi B OTKPLITOM AOCTyNe 1
pacnpocTpaHsieTcsl B COOTBETCTBUM C NnuueH3nen «Creative Commons»
(http://creativecommons.org/licenses/by/3.0/rs/).

© 2020 Aytopu. O6jaBro BojHoTexHuukn rmacHuk / Vojnotehnicki glasnik / Military Technical Courier
(www.vtg.mod.gov.rs, BTr.mo0.ynp.cp6). OBo je unaHak OTBOpeHOr Npuctyna n agucTpudyupa ce y
cknapgy ca Creative Commons licencom (http://creativecommons.org/licenses/by/3.0/rs/).

638




HYPERLEDGER FRAMEWORKS WITH A
SPECIAL FOCUS ON HYPERLEDGER
FABRIC

Marija S. Krsti¢?, Lazar J. Krstic”

Academy of Vocational Studies Southern Serbia,
Department of Business Studies, Leskovac, Republic of Serbia

@ e-mail: krstic.marija@vpsle.edu.rs, corresponding author,
ORCID iD: “https://orcid.org/0000-0003-3009-8400

® e-mail: krstic.lazar@vpsle.edu.rs,
ORCID iD: @https://orcid.org/0000-0001-9131-6876

DOI: 10.5937/vojtehg68-26206; https://doi.org/10.5937/vojtehg68-26206

FIELD: IT
ARTICLE TYPE: Professional Paper

Abstract:

Introduction/purpose: The Blockchain market is a developing market,
and many industries are increasingly aware of the importance of
having and implementing Blockchain due to changing business
conditions. After an introductory consideration of the Blockchain
concept, the article focuses on the projects under the Linux
Hyperledger Initiative, with particular reference to Hyperledger Fabric,
notably on the concepts, architecture, organizational focus, private
channels and smart contracts, as well as flow of transactions in the
Hyperledger Fabric network. In the last, practical part of the paper, we
presented a simulation of a business network and created a simple
application for money exchange using the Hyperledger Fabric
framework. The aim of the paper is to present the Hyperledger
frameworks and highlight all the details of Hyperledger Fabric in order
to determine whether its application in practice is justified.

Methods: Basic methods (analysis, synthesis, deduction, induction,
concretization, generalization) as well as general-scientific methods
(analytical-deductive and comparative) were used.

Results: All relevant features of Hyperledger Fabric were considered, a
blockchain business network based on it was built, and an application
for cash exchange through the network was created.

Conclusion: Hyperledger Fabric is the most comprehensive and the
most flexible Hyperledger framework with the largest number of use
cases.

Key words: Blockchain, Hyperledger, Hyperledger Fabric.
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Introduction

Blockchain technology is considered a suitable catalyst for
transformation and has the potential to become a digital trend in the near
future. This modern technology provides data duplication on all devices
participating in the network. Blockchain is suitable for end users because
the data cannot be changed after storage in a chain of blocks. Namely,
each data update is correctly recorded, which facilitates the process of
recording transactions and tracking assets in the business network.

Using open source tools, we strive to create Blockchain techniques
available to a wide range of people. One such tool is Hyperledger, a set
of technologies used to create new blockchains. The application of
Hyperledger Blockchain technologies in business processes improves
transparency, enhances accountability and algorithmically guarantees
trust between business partners. The technologies created within the
Hyperledger projects are increasingly called Third Generation Blockchain
systems, where the first generation is considered to be Bitcoin, and the
second Ethereum.

The paper presents research on the topic of Hyperledger projects
with special reference to Hyperledger Fabric. The first part is an
introduction to the basic concepts and principles of Blockchain
technology, which enables a decentralized way of data storage. After
giving the basics of the Blockchain technology, the research continues in
the direction of the Hyperledger initiative of the Linux Foundation in the
second part of the paper. The third part is dedicated to Hyperledger
Fabric, i.e. concepts, architecture, organizational focus, private channels,
smart contracts and transactions in the Hyperledger Fabric network. In
the last, practical part of the paper, a simulation of a business network is
given and a simple application for money exchange is created, with the
aim of a simpler understanding of the Hyperledger Fabric working
principle.

Blockchain technology

Blockchain technology is a distributed replicated database. It is
organized in the form of a single-linked list (chain), where nodes are
blocks with data on transactions, protected by cryptographic methods
after grouping. Hence the name Blockchain. It is a system that enables
the realization of digital transactions without intermediaries. It is based on
the P2P architecture, where the nodes that participate in the
implementation of the service have a copy of all records, and constantly
communicate with each other and synchronize records (Minovi¢, 2017).
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To support consistent updating of information and to enable a full
range of functions in the general ledger (transactions, queries, etc.), the
Blockchain network uses smart contracts to provide controlled access to
the ledger. Smart contracts are not only a key mechanism for
encapsulating information and maintaining online simplicity, but can also
be drawn up to allow participants to automatically execute certain
aspects of transactions. The process by which general ledger
transactions are synchronized online, to ensure that the general ledger is
updated only when the transactions are approved by the respective
participants and that the transactions remain in the same order when
updating the general ledger, is called consensus.

The consensus mechanism can be said to represent a predefined
cryptographic validation method that ensures the correct sequencing of
transactions on Blockchain. The consensus algorithm defines the rules,
i.e. the ways in which network participants can reach an agreement on
transaction validation. The most commonly used algorithms are Proof of
Work (PoW) and Proof of Stake (PoS).

Proof of Work is the most widespread way of reaching consensus,
which is based on mining. To validate a transaction, each node must
perform a complex mathematical calculation. That is why the device
consumes certain resources: electricity and processing power. On the
other hand, for successful validation, a node (miner) is rewarded with a
certain monetary value in cryptocurrency. The more processing power it
has, the faster the node will complete the mathematical calculation and
get the reward, that is, will earn more. Proof of Stake does not involve
mining, some nodes validate transactions and others confirm them, and
everyone keeps part of their money in a virtual safe and whoever tries to
cheat the system loses money (Pavlovi¢, 2018).

Blockchain can be classified into three types: public, private and
allowed Blockchain. The classification is based on the node's ability to
access or add a new block to the network. Public blockchain networks
are widely available, any node can join the network, participate in
transactions and create blocks. The examples of public blockchain are
Bitcoin, Ethereum, Dash and Litecoin. On the other hand, with private
Blockchain networks, only invited members are allowed to join the
network and there is no anonymity of participants, as with public
networks. The identity of each participant is known and cryptographically
authenticated, on the basis of which the execution of transactions is
monitored. Access rights to executed transactions may be granted to
anyone or restricted in some way. The examples of private Blockchain
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are Hydrachain Ripple, Monaco and Multichain. The third type of
Blockchain, which is the middle ground between private and public
Blockchain, is known as a consortium or allowed Blockchain. In this type
of blockchain, the network is controlled by a group of nodes. The
examples of the consortium Blockchain network are Hyperledger Fabric
and Corda (Nasir et al, 2018).

Blockchain can also be said to be a collaborative data registry. Each
time the data is accessed and modified, the change is recorded and
confirmed, followed by encryption that cannot be subsequently edited. All
changes are saved and added to the total record, and each subsequent
change requires a repetition of the entire process, with the data being
stored in a new block that is encrypted and attached to the previous
block. Blockchain requires a lot of processing power due to the complex
cryptography that computers have to solve in order to enable storage and
access to data. Six basic qualities of Blockchain can be singled out,
which together form a functional system (Piljan et al, 2018):

- Decentralization: Blockchain is a distributed database located on
all users' computers around the planet, i.e. on the Internet. Thus, there is
no central database that can be attacked, hacked or forged. Also, there is
no need for an intermediary - information, money, securities or
something else can be sent without the need for a broker or a third party
(PayPal, Western Union).

- Encryption: Blockchain is encrypted, it uses an advanced
encryption technique using private and public keys providing virtually
complete security in the authenticity of the transmitted data.

- Transparency: Blockchain is public. All users have access to the
database and no one can hide an individual transaction.

- Inclusiveness: Blockchain does not require special technical
preconditions for participation, the protocol is designed in such a way that
it can be implemented on practically any computer or mobile device, thus
providing the possibility of use to practically the entire Internet population.

- Immutability: after a transaction has been executed, verified and
placed in a block, it is linked to the previous transaction or block. This
structure is marked with a unique code and timestamp, which prevents
the possibility of subsequent changes.

- Historicity: there is no way to steal a transaction or data about a
block, because that would mean rewriting the entire Blockchain, or all
transactions ever performed in it. This means that Blockchain at all times
contains all transactions that have been executed since the chain was
created.
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Hyperledger

Hyperledger is an open source project founded by the Linux
Foundation. The initiative was launched in December 2015 in order to
advance and promote Blockchain technologies and expand the
possibilities of their application in the business world. Members of the
Hyperledger initiative are many of the world's leading companies in the
fields of information and high technologies, finance and banking,
production and distribution of products (supply chain), such as: Intel, IBM,
Cisco, Airbus, Daimler, JP Morgan, American Express, Deloitte, PWC,
BNP Paribas, Baidu, SAP, Huawei, as well as many others, including the
domestic company GameCredits (Gaiji¢, 2018).

Hyperledger is not a unique Blockchain technology, but a collection
of technologies included by member companies. Although there is a
long-term goal of greater integration between projects, most Hyperledger
projects still operate independently. Hyperledger has never issued its
cryptocurrency, and according to its founders, it will continue to do so in
the future. Concrete technologies can be said to be explicitly designed
and built for enterprise use cases, not for public markets.

The active development of Hyperledger projects took place at the
beginning of 2016, and it implies the development of a larger number of
frameworks and tools. Hyperledger frameworks, i.e. distributed ledger
technology (DLT) technologies include Fabric, Sawtooth, Iroha, Indy and
Burrow, while tools are being developed from Composer, Cello and
Explorer (Dhillon et al, 2017).

Each of the Hyperledger technologies has its own specific
advantages in certain applications. Some of the mentioned technologies
have advanced in the development phases and are actively applied
(Fabric, Sawtooth, Iroha), while others are still in the incubation phase
(Burrow, Indy). As far as tools are concerned, the most developed is
Composer.

Hyperledger projects follow a design philosophy that includes a
modular extensible approach, interoperability, an emphasis on highly
secure solutions, a token-based approach without a native
cryptocurrency, and the development of a rich and simple application
user interface. The modular approach allows developers to experiment
with creating different types of components. They can create components
that can be combined, in order to develop distributed general ledger
solutions that meet different requirements. Hyperledger recognizes that
security is a fundamental aspect of distributed general ledgers, as many
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use cases involve large-value transactions or sensitive data. In the future,
many different Blockchain networks will have to communicate and
exchange data in order to form more complex and powerful networks. A
high degree of interoperability will provide support for a growing
application of Blockchain. Also, Hyperledger projects provide rich and
simple application user interfaces that support interoperability with other
systems. However, the design philosophy includes the ability to create
tokens used to manage digital objects which can represent currencies.

The Hyperledger Architecture Working Group has singled out the
following business components of Blockchain (Hyperledger, 2018):

- Consensus Layer - Responsible for creating an order agreement
and validating the set of transactions that make up the block.

- Smart Contract Layer - Responsible for processing transaction
requests and determining the validity of transactions by applying
business logic.

- Communication layer - Responsible for peer-to-peer transmission
of messages between nodes participating in a common general ledger.

- Data Warehouse Abstraction - Allows different data warehouses to
be used in other modules.

- Crypto Abstraction - Allows you to replace different crypto
algorithms or modules without affecting other modules.

- Identity Services - Allows you to establish trust roots during
Blockchain instance setup, enroll and register identities or system entities
during network operation, and manage changes. They also provide
authentication and authorization.

- Access Services - Responsible for managing various approaches
specified in the system, such as the validation approach, the consensus
approach, or the group management approach. They connect and
depend on other modules to implement different approaches.

- Application User Interfaces - Allows clients and applications to
connect to Blockchain.

- Interoperability - Interoperability between different Blockchains is
supported.

Hyperledger goals

Hyperledger provides a neutral space for software collaboration
between companies that are traditionally competitors. It also provides a
neutral space for cross-sectoral cooperation. Blockchains in Hyperledger
are allowed and are specifically designed to be business solutions.
Because it is a system that requires permission, only those authorized
can join the network. This makes it more secure, as the administrator can
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restrict access to Blockchain. In addition, instead of making all
transactions available to everyone online, they are only shown to the
relevant parties. Hyperledger's goals include (Hyperledger, 2020d):

- Creating acceptable working environments, i.e. distributed open
source ledger technologies as well as code bases to support business
transactions.

- Providing a neutral, open community-based infrastructure
supported by business and technical management.

- Creating technical communities to develop Blockchain and use
cases.

- Educating the public about market opportunities for Blockchain
technology.

- Promoting the community using access to tools with many platforms
and frameworks.

Hyperledger frameworks

Each of the Hyperledger technologies of the distributed general
ledger has its own specific advantages in certain applications. The
Hyperledger frameworks are used to build business blockchains for a
consortium of organizations. Hyperledger incubates and promotes a
range of business blockchain technologies, including (Blockstuffs, 2018):

- distributed general ledger frameworks,

- smart contracts,

- graphical interfaces,

- library client,

- service libraries, and

- simple applications.

The Hyperledger strategy encourages the reuse of common blocks,
enables rapid component innovation, and promotes interoperability
between projects. As already mentioned, five Hyperledger Blockchain
frameworks can be singled out (Suprunov, 2018):

- Hyperledger Fabric,

- Hyperledger Iroha,

- Hyperledger Indy,

- Hyperledger Sawtooth, and

- Hyperledger Burrow.

Hyperledger Fabric is the basis for developing applications or
solutions with a modular architecture. It allows components, such as
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consensus and Membership Services Providers (MSP), to be plug-and-
play.

Iroha Hyperledger is designed to be simple and easy to engage in
infrastructure projects that require distributed general ledger technology.
Hyperledger Iroha has a simple construction, modern C++ domain-based
design, and it emphasizes the development of mobile applications, as
well as a new, chain-based, Byzantine Fault Tolerance consensus
algorithm, called Sumeragi (IBM Global Business Services, 2019).

Hyperledger Indy is a distributed general ledger, built for a
decentralized identity. Indy provides tools, libraries, and components that
can be reused to create and use independent digital identities based on
Blockchain or other distributed general ledgers. These identities are
interoperable across administrative domains, applications, and all other
parts of organizations. The key characteristics of Indy are (Blockstuffs,
2018):

- Independence - Indy keeps identity artifacts in the general ledger
with distributed ownership. These artifacts can include public keys and
evidence of existence, and no one but the rightful owner can change or
remove the identity.

- Privacy - Indy maintains privacy by default, as any identity owner
can operate without any risk of correlation or trace.

- Verifiable requirements - Identification requirements may resemble
known credentials such as birth certificates, driver's licenses, passports,
etc. They can be combined and transformed using methods that reveal
only certain information to allow selective disclosure of only the data
needed in a particular context.

Hyperledger Sawtooth is a modular platform for building,
implementing, and managing distributed general ledgers. Distributed
general ledgers provide a digital record (such as property ownership) that
is maintained without central management or implementation. In addition
to enabling organizations to organize, build, implement, and run complex
distributed books, this platform includes a new consensus algorithm,
Proof of Elapsed Time (PoET), that targets large distributed populations
of validators with minimal resource consumption (Hyperledger, 2020b).
Sawtooth contains several technical innovations, such as dynamic
consensus, proof of elapsed time, compatibility with Ethereum contracts,
parallel transaction execution, and private transactions. Dynamic
consensus allows a consortium to change consensus algorithms on a
running blockchain by simply starting a transaction. Proof of Elapsed
Time is a consensus algorithm with proven usability in operation, but
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without high energy consumption. Smart contract abstraction is also
enabled, allowing users to create smart contracts in the language of their
choice. In terms of private transactions, Sawtooth node clusters can be
easily used with separate permissions, ensuring privacy and
confidentiality among participants in that particular chain.

Hyperledger Burrow is a modular Blockchain client with a permitted
smart contract interpreter that is partially done in the Ethereum Virtual
Machine (EVM) specification (Hyperledger, 2020a). It can be said that
Burrow is a smart contract machine that requires a license. Monax
originally developed and proposed this machine to Hyperledger. Burrow
provides an extremely deterministic, smart blockchain design that
focuses on contracts. The components that Burrow encompasses are the
consensus mechanism, the Application Blockchain Interface (ABCI), the
smart contract mechanism, and the gateway. The consensus mechanism
maintains a network stack between nodes and ordered transactions that
will be used by applications. The ABCI application interface provides an
interface specification for connecting the consensus mechanism and the
application. The smart contract mechanism provides developers with an
extremely deterministic mechanism for managing complex industrial
processes. The gateway provides a programming interface for system
integrations and user interfaces.

Hyperledger tools

Tools, such as software that facilitate deployment, debugging, and
design, can make a huge difference in the ease of use of any system, for
both developers and users. Hyperledger is constantly investing in
building great support tools. There are several tools that allow easy and
efficient access to Blockchain. The most used among the tools are
Hyperledger Composer, Hyperledger Cello, Hyperledger Explorer and
Hyperledger Caliper.

Hyperledger Composer is the most developed and most powerful
Hyperledger tool. It can be said that it is a framework for Hyperledger
Fabric. Using Composer brings simpler concepts for Hyperledger Fabric,
called Business Network Definitions (BND). These are source code
packages that define a business network. This includes permissions,
queries, participants, assets and transaction definitions, as well as the
implementation of different types of transactions. GNI should be applied
to all nodes of the Hyperledger Fabric network. Hyperledger Fabric is
implemented with Hyperledger Composer as a platform and
infrastructure (Verhoelen, 2018). Hyperledger Composer is written in
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JavaScript and is the most active tool for development activity. It is a tool
for building business blockchain networks, and is designed to accelerate
the integration of block applications and smart contracts with existing
business models. This tool is a framework that accelerates the
development of applications developed through Hyperledger Fabric.

Hyperledger Cello enables easy hosting of Blockchain, connected
components and infrastructure according to external sites. It is a module-
based Blockchain tool and a service system. Also called Blockchain as a
Service (BaaS), it allows the user to maintain a Blockchain network and
infrastructure (Blockstuffs, 2018). BaaS is an offer that allows users to
leverage cloud-based solutions to build, host and use their Blockchain
applications, smart contracts and Blockchain-based features, while a
cloud-based service provider manages all necessary infrastructure
maintenance tasks and activities. Hyperledger Cello also provides
tracking and analytics capabilities.

Hyperledger Explorer provides a control panel for viewing block
information, node logs, statistics, smart contracts, transactions, and all
other information stored in Blockchain. Users can query for specific
blocks or transactions to see complete details. Hyperledger Explorer can
integrate with any authentication or authorization platform, commercial or
open source, to provide features that match user privileges.

Hyperledger Caliper allows users to measure the performance of a
particular Blockchain implementation with a set of predefined use cases.
Hyperledger Caliper allows you to create reports that contain a number of
performance indicators, such as Transactions Per Second, Transaction
delays, and resource usage (Kuhrt, 2019). Hyperledger Caliper is a
performance testing tool for Hyperledger blockchain solutions such as
Fabric, Composer, Iroha, and others. Using Caliper, the team working on
Blockchain applications can take continuous measurements while
building smart contracts and transaction logic and use those
measurements to track performance changes. Caliper is compatible with
Sawtooth, Indi and Fabric Blockchain systems.

Hyperledger Fabric

Hyperledger Fabric, as a Hyperledger framework, is the most
advanced in development. It is interesting to note that, as part of the
Hyperledger project, it originated from IBM. This work environment offers
a modular architecture in which components such as consensus
algorithms and membership service providers can be modified on a plug-
and-play basis.
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Hyperledger Fabric is a platform for software solutions that use a
distributed general ledger (database). It is a private, permissive
blockchain infrastructure that provides a modular architecture with
delineating roles between nodes within the Blockchain system, executing
smart contracts, and configurable consensus and membership services.
Its advantages are: identity management, channel privacy and
confidentiality, efficient data transmission processing, chaincode
functionality, and modular design.

Hyperledger Fabric is designed to be a company-oriented
Blockchain solution that is extremely modular and adaptable.
Hyperledger Fabric is private and requires permission. This means that it
is understood that Hyperledger Blockchains are not available to the
general public and do not have tokens that can be exchanged.
Blockchain users must have verified identities and join Blockchain using
a Membership Service Provider (MSP). Membership service providers
are configured in the system, and there may be more than one, but all
members must be accessible by one or more membership service
providers. Hyperledger Fabric also has a number of special tools that
make it particularly well equipped (Hill et al, 2018).

Hyperledger Fabric technology distributed general ledgers profit
from the advantages of container technologies for working with smart
contracts, which in this context are called a program code chain and
which realize the application logic of the system using the Go
programming language. The specific mechanism of private channels that
exists in Hyperledger Fabric allows the sharing of confidential information
between individual participants in the Blockchain network. The key
features that set Hyperledger Fabric apart as a comprehensive and
customizable  Blockchain  solution are (Hyperledger-fabricdocs
Documentation, 2019):

- Assets - Definitions of assets allow the exchange of almost
anything that has monetary value over the network, from food through old
cars to the currencies of the future.

- Chaincode - Chaincode execution is separate from transaction
handling, limiting required levels of trust and verification across nodes,
and optimizing network scalability and performance.

- General Ledger Features - A fixed, shared book that encodes the
entire transaction history for each channel and includes the ability to ask
SQL like queries for more efficient audit and dispute resolution.

- Channel privacy - Channels enable multilateral transactions with a
high degree of privacy and confidentiality required by competing
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companies and industries that exchange assets through a common
network.

- Security and Services for Members - Membership that requires
permission provides a reliable Blockchain network, where participants
know that all transactions can be detected and monitored by authorized
regulators and auditors.

- Consensus - A unique approach to consensus provides the
flexibility and usability that a company needs.

Another important feature introduced by Hyperledger Fabric is
confidentiality when performing transactions on the same network of
nodes. Hyperledger Fabric adopts the following terminology related to its
workflow: Blockchain "application" through the interface manages the
user and the network. Smart contracts are also called chain codes and
are provided using the Node SDK, Java SDK and command line interface
- as development tools (Belotti et al, 2019).

Features of architecture

Hyperledger Fabric is designed with several key features and use
cases that are considered important for business users. It is basically a
general ledger. The general ledger is a set of blocks, and each block
contains a set of transactions. A transaction is anything that
changes/updates the state of a Blockchain. Transactions, in turn, are
performed using smart contract codes installed on Blockchain. The
general ledger records the status of data and transactions, and each
node in the network has a replicated copy of the general ledger. There
are two basic components to a general ledger:

- World state database in which the current values of general ledger
data are recorded. It provides fast and efficient access to current values,
instead of searching transaction logs. Data is stored by key-value
structure, and this database is characterized by frequent additions,
updates and deletions.

- A transaction log that records all changes over the world state
database, and once recorded, data cannot be changed or deleted.

The blocks are arranged sequentially, and within each block there is
a set of transactions. These transactions are also stored as events in a
specific sequence. Unlike other Blockchains, the creation of a transaction
and the resulting string does not necessarily occur at the same time or on
the same computer. This is because ordering transactions is separate
from executing transactions. In Hyperledger Fabric, computers used to
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manage Blockchain can be included in three different ways (node types),
and these are (Hill et al, 2018):

- Client: The client acts on behalf of the Blockchain user and submits
actions and events to the network as part of the application.

- Peers: Peers process incoming validation transactions and update
status changes as a result of transactions and chain code applications.
When they make a transaction, they broadcast the result to the network
so that the transaction can be done by the customer.

- Client: While the peer nodes execute transactions, the client nodes
review all executed transactions and decide on the final order that is
considered to have occurred in the Blockchain. The nodes that ordered
the service decide on the final sequence of events and thus decide on
the final set of events to be printed on the next block of the Blockchain.

There is a possibility that one computer performs the function of all
three types of nodes on the Hyperledger Fabric Blockchain. While it is
possible for the same computer on the Hyperledger network to execute
transactions and determine their sequence, Hyperledger is able to evolve
even further by providing them as separate services.

Figure 1 shows how applications communicate with peers to access
the general ledger. The general ledger query involves a simple three-step
dialogue between the application and the node, while updating the
general ledger is a little more complicated and includes two additional
steps. Applications connect to nodes whenever they need access to
general ledgers and chain codes. Nodes, in collaboration with customers,
ensure that the general ledger updates changes to all nodes in the
network.

In a specific example (Figure 1), the application A connects to the
node P1 and calls the chain S1 to query or update the general ledger L1.
P1 invites S1 to generate a response to a proposal that contains the
result of a query or a proposed general ledger update. The application A
receives a response to a proposal and the query process ends. For
updates, the application A builds a transaction from all responses, which
it sends to the client O1. It collects transactions over the network in
blocks and distributes them to all nodes, including P1. P1 confirms the
transaction before it is applied to L1. When L1 is updated, P1 generates
an event, received by A, to indicate completion (Hyperledger, 2020c).
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Figure 1 — Query and update of the general ledger
Puc. 1 - 3anpoc u obHoeneHue anasHou KHuUau
Cnuka 1 - lNocmaerbare ynuma u axypupare 2/1aeHe Krbuze

Organizational focus

Blockchain networks are managed by a set of organizations, not a
single organization. Nodes are key to building this type of distributed
network. They are the property of organizations and their network
connection points. As a business-oriented system, Hyperledger Fabric
distinguishes between peers, customers and the organization that owns
them. It is intended to create networks between organizations, and the
clients who run Blockchain do so as agents of that organization.

Each node on the network uses the Blockchain network on behalf of
the participating organization. This is different from networks such as
Ethereum and Bitcoin, where a network is created by a set of computers
that independently contribute resources to the network, or the network
perceives it to do so independently, regardless of who owns them. At
Hyperledger Fabric, the organizations that create the general ledger are
the ones that contribute to the network by contributing resources in the
form of peers and clients. The difference is subtle but crucial. In most
public networks, the idea is to allow computers to coordinate, but in
Hyperledger Fabric, the idea is to allow companies to coordinate.
Organizations give each of their peers a signed digital certificate proving
their membership in a particular organization. This certificate then allows
each subscriber to connect to the network through a membership service
provider, giving them access to network resources. The focus on
organizations versus the focus on private computers leads to another
feature of Hyperledger Fabric that is focused on companies, and which is
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necessary due to a larger number of business requirements, i.e. private
channels (Hill et al, 2018).

Private channels

There are different types of nodes with different roles in the network:
endorser peer, anchor peer, and orderer peer. After receiving the request
to call the transaction from the client application, the endorser peer
confirms the transaction, which means checking the details of the
certificate and the role of the applicant, and then executes the chain code
and simulates the outcome of the transaction, but does not update the
general ledger. The anchor peer receives updates and transmits updates
to other nodes in the organization. The order peer is considered the
central communication channel in the Hyperledger Fabric network. The
order peer is responsible for the consistency of the general ledger status
online. It creates blocks and delivers them to all nodes (Mamun, 2018).

A channel is a private "subnet" of communication between two or
more specific network members to perform private and confidential
transactions. The communication within the channel is isolated and
protected, and transactions and data on the channel are visible only to
channel members.

The channel is defined by members (organizations), anchor peers,
general ledger, application chain(s), and ordering service. Every online
transaction is executed on a channel, where each party must be verified
and authorized to perform transactions on that channel. Each node that
joins the channel has its own identity assigned to it by the membership
service provider, which confirms the authenticity of each node to other
nodes within the channel and services. Although nodes may belong to a
number of channels, information on transactions, general ledger status,
and channel membership is limited to nodes within each channel
(Boaventura, 2018). If an organization has access to the Blockchain
network, it has the ability to create and maintain a private channel with
certain other members. Members (organizations) define and structure a
channel to allow certain nodes to run private and confidential
transactions, which other members of the same network cannot see and
access. Each channel includes nodes, a common general ledger, chain
codes on the channel, and one or more ordering services.

Smart contracts

In the Hyperledger Fabric network, smart contracts are also called
the chaincode. Unlike Ethereum, the Hyperledger Fabric chain is not built
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directly into the general ledger itself. Instead, the chain code is installed
on each node and interacts with the general ledger to read and update
resource status information. Because the chaincode is signed and
approved by all nodes, and because each node that uses part of the
chaincode must acknowledge any change in the general ledger, this
system still uses distributed contracts to allow a distributed and reliable
consensus.

Transaction flow

In a distributed general ledger system, a consensus is the process of
reaching agreement on the appropriate set of transactions to be added to
the general ledger. In Hyperledger Fabric, the consensus involves three
different steps (Kulkarni, 2019):

- transaction approval,

- ordering, and

- validation.

These steps ensure that network policies are followed. The
implementation of these steps can be considered through the execution
of the transaction flow. Otherwise, transactions must be executed,
endorsed and then approved, because only such transactions can have
an impact on the change of balance. The approval is guided by the policy
according to which the participants approve the transaction. The
endorsment policy defines which nodes must execute the transaction,
and then agree on the results before recording the transaction. The
ordering phase accepts the approved transactions and agrees to the
request for the transaction to be recorded in the general ledger.
Validation takes a block of transactions and confirms the accuracy of the
results, including the approval check.

Creating a Blockchain business network and cash
exchange application using the Hyperledger Fabric
framework

The process of creating a Blockchain business network and a simple
application for exchanging funds from one client's account to another's
account, as well as the transaction process itself, will be presented in
order to better understand the working principle of Hyperledger Fabric. In
order to realize the above, the software for virtualization of operating
systems, VirtualBox, was used, on which the Linux OS Ubuntu 18.04.2
LTS was installed and configured. The reason for choosing the
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mentioned operating system is the possibility of Hyperledger Fabric
functioning only on Unix-based operating systems.

Installing the necessary prerequisites, local work
environment and Hyperledger Fabric

Running the Hyperledger Composer and Hyperledger Fabric
development tools requires certain prerequisites to be properly installed
and configured. The prerequisites include:

- Docker Engine - basic client-server technology that builds and runs
containers using Docker components and services;

- Docker Compose - a tool for initializing and running Docker
applications consisting of multiple containers;

- Node - a platform, created using JavaScript, suitable for creating
fast real-time applications;

- npm - an online repository of JavaScript modules, many of which
are written specifically for Node;

- git - a free open source version control system designed to handle
small or large projects with a focus on speed and efficiency;

- Python 2.7.x - interpreted, interactive, object-oriented high-level
programming language.

Creating a local work environment requires the installation of the
following tools:

- composer-cli - basic CLI tools for performing administrative,
operational and development tasks;

- composer-rest-server - a utility for starting a REST server on a
machine to represent a business network as a RESTful API;

- composer-playground - user interface for configuration,
implementation and testing of business network;

- generator-hyperledger-composer - a tool for generating
applications.

The Hyperledger Fabric installation procedure involves:

- creating and selecting a new directory;

- downloading and extracting downloaded tools needed to install
Hyperledger Fabric;

- specifying the desired version of Hyperledger Fabric;

- launching Hyperledger Fabric;

- generating a PeerAdmin card (Figure 2).
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The PeerAdmin card is analogous to real business cards, and gives
the cardholder the authority to deploy, delete, and manage business
networks in a Hyperledger Fabric environment.

marija@marija-VirtualBox: ~/fabric-dev-servers

File Edit View Search Terminal Help
ully created bu s network c: file to

/tmp/PeerAdmin@hlfvi.card

sfully imported business n
/tmp/PeerAdmin@
PeerAdminghlfvi

The following Business Network C

PeerAdmin@hlfvi PeerAdmin

to get details a specific card

Hyperledger Composer PeerAdmin card has been imported, host of fabric specified
as 'localhost'
marija@marija-virtualBox:~/fabri

Figure 2 — Successfully generated PeerAdmin card
Puc. 2 — YcnewHo co30aHHasi kapma PeerAdmin
Cnuka 2 — YcneuwHo eeHepucaHa kapmuua PeerAdmin

Generating a business network

After successful installation of the Hyperledger Fabric environment,
it is necessary to generate a business network (Figure 3). The generated
business network consists of data models, transaction logic and access
control rules. The data model and access control rules are programmed
in a domain-specific language, while the transaction logic is programmed
in JavaScript.
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marija@marija-VirtualBox: ~/fabric-dev-servers

File Edit View Search Terminal Help
marija@marija-VirtualBox: bric- ervers$ yo hyperledger-composer
Welcome to the Hyperledger Composer project generator

Please select the type of project:
You can run this generator using: 'yo hyperledger-composer:businessnetwork’
Welcome to the business network generator

Business network name:

Description:

Author name:

Author email:

License:

Namespace:

Do you want to generate an empty template network?

package. json

README .md

models/pns.cto

permissions.acl

.eslintrc.yml

features/sample.feature

features/support/index. js

test/logic. js

1ib/logic. js
marija@marija-VirtualBox:~/fabric-dev-servers$

Figure 3 — Successfully generated business network
Puc. 3 — YcnewHo co3daHHas busHec-cems
Cnuka 3 — YcnewHo 2eHepucaHa nocriogHa Mpexa

Generating application

In order to make transactions as easy as possible for clients, it is
necessary to create client software. In this regard, there is a utility to start
the REST server on the machine to represent the business network as a
RESTful API.

The Hyperledger composer generator, in addition to generating a
business network, also enables generating application. Figure 4 shows a
successfully generated application, while Figure 5 presents the balance
on customer accounts after the transaction.
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marija@marija-VirtualBox: ~/fabric-dev-servers/prenos-novcanih-sredstava

File Edit View Search Terminal Help
marija@marija-VirtualBox: bric-d
rledger-composer
Welcome to the Hyperledger Composer project generator
Please select the type of project:
You can run this generator using: 'yo hyperledger-composer:angular'
Welcome to the Hyperledger Composer Angular project generator
Do you want to connect to a running Business Network?
Project name:
Description:

Author name:

Author email:

License:

Name of the Business Network card:

Do you want to generate a new REST API or connect to an existing REST API?

REST server address:

REST server port:

Should namespaces be used in the generated REST API?
Created application!

Figure 4 — Successfully generated application
Puc. 4 — YcriewHo co3@aHHoe npurnoxeHue
Crniuka 4 — YcnewHo eeHepucaHa annukayuja

aplikacija-za-prenos-novcanih-sredstava - Mozilla Firefox

# Hyperledger Composer X aplikacija-za-prenos-n
i ¢ @ @ localhost ! LI OB + I @
prenos-novcanih-sredstava@0.0.1.bna

aplikacija-za-prenos-novcanih-sredstava

Assets Participants Transactions

Account
+ | Create Asset
accountld owner balance Actions

=

trmk resource:pns.Customer#mi 4500 &z

Figure 5 — Balance on the client accounts after a transaction
Puc. 5 — Canb0o no cuemam KnueHmMos rocse mpaH3akyuu
Cnuka 5 — Cando Ha padyHUMa KrujeHama HakoH mpaHcakuyuje
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Conclusion

Organizations whose business is based on the application of
Blockchain technology have a bright future, and the reason lies in the fact
that it is a promising new technology for secure online transactions. This
technology creates the opportunity to establish accountability based on
reliable real-time information exchange between organizations involved
in a multi-party business structure. It can offer practical and efficient
solutions that can be applied in the system creation, which can bring
competitive advantages to organizations in technological and operational
terms.

Blockchain technology is increasingly used in systems whose
characteristics such as distribution, accessibility, security and trust are
among the main qualities of the services and products they offer. In this
regard, and in order to develop the best possible stand-alone or
integrated Blockchain solutions, the Hyperledger project was created,
within which numerous platforms and tools for the development of
various Blockchain systems were developed. The Hyperledger family
consists of six projects and a set of support tools, all with subtly different
focuses and benefits to suit different needs. Hyperledger’ s main goal is
to take business transactions to a whole new level that includes major
global processes.

The most voluminous and flexible project, designed with the largest
number of use cases, is Hyperledger Fabric. Responding to business
needs, Hyperledger Fabric has evolved significantly in recent years and
now accounts for most of the features that businesses can rely on.

Hyperledger Fabric is designed for corporate use from the start. It is
the most active of all other Hyperledger projects, and the community
gathered around the platform is constantly growing. As such, it has
already been successfully implemented in many areas such as banking,
finance, retail, and healthcare. This open-source Blockchain is supported
by a consortium of large technology companies such as IBM, Cisco, SAP,
Intel, and Oracle.
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MPOrPAMMHAA MIAT®OPMA HYPERLEDGER C OCOBbLIM
AKLEHTOM HA BNOK-CXEMY HYPERLEDGER FABRIC

Mapus C. KpcTuu, koppecnoHaeHT, /lasap M. Kpctuy

Akagemus npodeccroHanbHoro o6pasosanus KOxHas Cepbus,
JenaptameHT 613Hec-06pa3oBaHus,
r. JleckoBau, Pecnybnuka Cepbus

PYBPUKA TPHTW: 20.00.00 MHOOPMATUKA,;
20.15.05 UHdhopMaLmMOHHbIe CryX0bl, ceTn, CUCTEMbI B
uenom
B CTATbW: npodeccroHanbHas ctaTbs

Pe3some:

BeedeHue/uenb: Pa3susarouyuticsi pbIHOK 6r10K4elHO8 C KaxObiM OHeM
cmaHosumcsl 8ce UHMepecHee Orisi MHo2ux ompacrel, Komopble
ecriedcmeue U3MeHeHUsT ycriogull eedeHusi GusHeca, cmasu Jyydwe
MOHUMamb HaCKOJIbKO 8aXKHO UMemb U r10/1b308ambcsi 6r10K4eliHamu.
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lMocne ecmynumensbHO20 03HaKOMIIeHUs ¢ KoHuenuyuel Blockchain e
cmamee rpedcmassieHbl MPOEKMbl 8 pamMKax UHUUUamuebl KoMaHuu
Linux Foundation, ¢ ocobbiM akueHmom Ha OessmernbHocmb Hyperledger
Fabric ee KOHUenuusix, apxumekmype, opaaHu3aUyuoHHoU
HarpaeeHHOCMU, YaCmHbIX KaHasax U YMHbIX-KOHmpakmax, a makxe
Ha romoke mpaH3akuul e cemu Hyperledger Fabric. B nocnedHel
fpakmu4yeckol 4Yacmu cmambu rpedcmasneHbl busHec-cuMynsauus u
paspabomaHHOe rnpocmoe npurioxeHue Ornisi obmMeHa OeHEXHbIX
cpedcme ¢ nomouwbto cucmembl Hyperledger Fabric. Llenbio OaHHOU
cmambu sensiemcs npedcmasrnieHue pabodux ycriosul Hyperledger u
sbisisrieHue ecex 0emarnel Hyperledger Fabric, driss moao 4mobbi MOXHO
ObII0  MOHAMb HACKOMbKO rpuMeHeHue cucmembi Hyperledger Ha
rpakmuke 5187159emcsi 060CHOBaHHbIM.

Memodbi: B pabome npuMeHsIUCb OCHOBHble MemoObl (aHarnus,
cuHme3, 0edykuyusi, UHOYKUUS, KOHKpemu3ayusi, 0bobueHue), a makxe
obweHay4Hble MemoOdbl (aHanUMUKo-0edyKMUBHbIU U CpasHUMEIbHbIL).
Pesynbmamsbi: Bbinu paccMompeHsbl ace periegaHmMHble
xapakmepucmuku  Hyperledger  Fabric, co3daHa  6usHec-cemb
briok4yeltiHoe U paspabomaHo npurnoxeHue Ons obMmeHa OEHEXHbIX
cpedcme 8 cemu.

Bbigodbi: Hyperledger Fabric — amo camass macwmabHas u aubkas
Hyperledger npoepammHas nnamgopma ¢ HaubombUWUM KOUYecmeom
rons3o8amernedl.

Knouesnle cnosa: Blockchain, Hyperledger, Hyperledger Fabric.

PAOHA OKPY>XEHA HYPERLEDGER CA NMOCEBHM OCBPTOM
HA HYPERLEDGER FABRIC

Mapuja C. Kpctuh, ayTop 3a npenucky, f/lazap J. Kpctuh

Akagemuja cTpykoBHUX cTyamja JyxxHa Cpbuja, Ofcek 3a nocnosHe ctyauje,
JleckoBau, Peny6nuka Cpbuja

OBJIACT: nHdopmaumoHe TexHonorunje
BPCTA YJTAHKA: cTpyyHu paa

Caxemak:

Yeod/yurb: Mada je Blockchain mpxuwme y pa3eojy, MHOz2e
UHdycmpuje, ycried npOMeHsbUBUX ycrioea [locriosarba, cee eulle
pasymejy saxHocm He20802 rnocmojara u rpumeHe. HakoH yeodHoe
pasmamparba rnojma Blockchain-a, ucmpaxueare ce Hacmassba y
rpasuyy yro3Haearba ca [pojeKmuMa y OKeupy UHuUyujamuee
Hyperledger ¢poHdayuje Linux, ca nocebHum ocepmom Ha Hyperledger
Fabric, 20e he O6umu pe4yu O KOHUenmuMa, apxumekmypu,
opzaHu3ayuoHoM POKyCy, rnpusamHuUM KaHaauma U namMmem-dum
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y2080puMa, Kao U MoKy mpaHcakuuja y mpexu Hyperledger Fabric. Y
nocnedwem rnpakmuyHom Oenly pada rnpukasaHa je cumyrnauuja
rocriosHe Mpexe U KpeupaHe cy jedHocmasHe ariukayuje 3a
pasmeHy HogyYaHux cpedcmasa rPUMEHOM padHO2 OKpyXera
Hyperledger Fabric. Uurb pada jecme yrio3Hasame ca padHum
OKpyxemwuma Hyperledger u ucmuuyare ceux rnojeduHocmu
Hyperledger Fabric-a padu ymephueara ornpasdaHocmu Hez08e
MpUMEHe y npakcu.

Memode: KopuwheHe cy ocHosHe Mmemode (aHanusa, CcUHMe3sa,
Oedykyuja, UHOyKUUja, KOHKpemusaluja, 2eHepanu3ayuja), kao U
onwme Hay4He memode (aHanumuyko-0edyKkmusHa u
KomrapamueHa).

Pesynmamu: CaeneGaHe cy peneeaHmMHe  Kapakmepucmuke
Hyperledger Fabric-a, He2080M rnpumeHoM u3z2paheHa MocrosHa
Mpexa Blockchain u kpeupaHa annukayuja 3a pasMeHy HO84YaHUX
cpedcmasa rocpedcmeom usepaljeHe Mpexe.

Bakrpyyvak: Hyperledger Fabric npedcmaerba HajobumHuje U
HajebnekcuburnHuje padHo okpyxerme Hyperledger ca Hajeehum 6pojem
cny4yajesa yrnompebe.

KmbyuHe peuu: Blockchain, Hyperledger, Hyperledger Fabric.
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CABPEMEHO HAOPY>XXAHE N BOJHA OIMNPEMA
COBPEMEHHOE BOOPY>XEHVE 1 BOEHHOE OBEOPYOBAHVE
MODERN WEAPONS AND MILITARY EQUIPMENT

MopepHu3aLmja MOCKOBCKOT aHTUpaKeTHOr LTUTa'

Y TOKy je Benuka mogepHusaumja MOCKOBCKOr pakeTHOr LiTuta, O4HOCHO
pakeTHor cuctema A-135.

lMpomuspakemHu cunoc NpekpuseH cHeaom ( y no3aduHu ce sudu mpaHcriopmep
pakema 53T6)

Tokom wWwe3geceTx W cefamMaeceTMx [rOoAMHa COBJETCKUM  MHXEHepu
3aKbyyYnnM cy gda Huje moryhe HanpaBuTu edmkacaH NpPOTUBPAKETHU LUTUT
NpOTMB MacCOBHOI pakeTHOr yadapa ca nocTtojehM HMBOOM HayyHOr W
TEXHOMOLLKOr 3Hakb-a.

Tpaxunu cy ga ce pasBujajy UHPOPMaLUOHE KOMIMOHEHTEe pakeTHe
onbpaHe, cnuctema 3a paHo yrno3opene 1 hokycuparwe Ha opyxja 3a ogbuvjame
orpaHuyeHor ygapa. HaBegeHo je ga 6u ce Ha Taj HauuH morna GpaHuTm
MpecToHuUa of, je4HOCTPYKOr, CIlydajHOr unu NpoBOKaTMBHOr yaapa wnv yaapa
orpaHu4yeHor 6poja 6anMcTnyknx paketa Koje 6u naHcupane Tpehe gpxase nnm
NoaMOPHULE Ha KOjuMa je n3rybrbeHa KomaHgHa CTpyKTypa.

! www.airrecognition.com, 10 anpun 2020
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Tokom 1969. rogMHe BOjHM BpPX Ce CMOXMO Ja Ce u3rpagu Crnojesutin
BaTPEHM MPCTEH Koju 6K yKIby4nMBao ABa npecpeTayka ellenioHa: ewwernoH ayror
JomeTa (BaH aTmocdepe) u elenoH mMakwer gomeTta (atmocdepckor) Koju 6u
MO WTUTUTY FMaBHM 0b6jekaT NpOTUB pakeTa koje 6u Npobune pakeTHN LWITUT.

HeceTor jyHa 1971. rogmMHe no4eo je pag Ha npojekToBawy cuctema A-135,
npecpeTaya gyror goMeTa nog Hasmesom Amur.

Hanac A-135 nogpasymeBa KOMaHOHO M padYyHapCKO MECTO ca KOHTPOSIOM
Hag pakeTHOM ogb6paHom, A-295, npecpetayky pakeTy gyror gomeTta 3a
npecpeTawe UubeBa y ropkuM genosuma atmocdepe u usHag atmocdepe
(oomet 600 kM, aepogMHaMuyKe KOHTpOMe 3a npecpeTawe y atmocdepu u
poTauuoHe MOTOpe 3a npecpeTawe BaH aTMmocdepe), npecpetayky pakeTy
Opyror ewlenoHa (3a 6rnmMcko npecpeTarbe), aTMOCEPCKU NMpecpeTay BENUKUX
O6pavHa 53T6 wunn PRS-1/PRS-1M ca racHMM AMHaMWYKMM KOHTporiama,
yeTBOopocTpaHn pagap Don-2N y mecty Sofrino 3a npahewe CBEMUPCKUX
objekata gujameTpa 5 oM Ha pasgarbmHama of 1500 KM, HykneapHuX Nywena
3a MpoTMBpPaKeTHE paKkeTe W pakeTHUX curoca. Ha pacnonarawy ce Hamnasmu
MpeKo CTOTMHY MPOTMBPAKeTHUX pakeTa. Cunocu HUCY nod Kamydrakom, anu
Cy conuaHo 3awTnheHn of AMPEKTHOr yaapa nunm TepopuMCcTUYKOr Hanaaa.

lNMpomuspakemHu cucmem A-135 y Mockogckoj obrnacmu. LipHe pakeme cy ornepamusHe
53T6, bene npedcmasrbajy HeornepamusHe pakeme 51T6, a marup je padap Don-2N

665

Vuckovi¢, D., SAVREMENO NAORUZANIE | VOJNA OPREMA / MODERN WEAPONS AND MILITARY EQUIPMENT, pp.664-679



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2020, Vol. 68, Issue 3

Cucrem A-135 nma Benuvke moryhHoctu. OH oTKpuBa 6anucTuuke pakeTe
Ha garbuHama go 1500 kv, oK je AarbuHa OTKpMBaHa CBEMUPCKUX objekaTta of
600 po 1000 km. Takohe, A-135 Moxe cumyntaHo npatutu 100
couCcTULMpaHnUX OanuMCTUYKUX MeTa M YNyTUTU OeCEeTUMHE MPOTUBPAKETHUX
pakeTa Ha kux. [owTo je M3paheH npe HeKoNuMKo AeleHunja, noTpebHa my je
MOZEpHU3aumnja — HOBE ENIEKTPOHCKE KOMIMOHEHTE, HOBM KOMIMjyTepW, Kao U
caBpeMeHe NpoTMBPaKeTHE paKeTe.

W

>

(e 1 60Ienegorsk

Qo Bafanavichy
e @ Pechora
Moscow : :
® Jabala Irkutsk @
@ Balkhash

Padapu 3a paHo yrno3opere cucmema A-135

Ha noyeTky mogepHu3auumje [OOWSO je A0 HEeOoYeKMBaHWMX peaynTaTa.
MOWTO Cy HOBW ENEKTPOHCKU efeMeHTM MO BEMUYUMHU U TEXUHU MatbW,
ncnocTaBuno ce fda 4YeTBopocTpaHu pagap y CodpuvHy MMa MHOro BuLle
npasHor npocropa.

MogepHusaumja npoTuBpakeTHor npojektuna 53T6 6una je kKomnnnkoBaHa.
Mpobe pakete PRS-1M nouene cy Tokom HoBeMmbpa 2017. roguHe. N3rnepa ga
je HOBW, MOAEpPHW MPOTUBPAKETHU MPOjeKTUN MHOro 6pxu n ybojutn og ceor
npetxogHuka. BuwekaHanHn BaTpeHu komnnekc Amur-P TectmpaH je vy
komnnekcy Sary-Shagan pagu TecTupaka MOCKOBCKE NPOTUMBPaKeTHe ogbpaHe
A-135.

Amur-P cactoju ce op BuweHameHckor pagapa Don-2NPr, komangHor
mecTta S5K80P nosesaHor ca komnjytepom Elbrus, naHcupHmx mecta 3a 6nmcko
npecpeTawe MPOTMBPAKETHMM MPOjEeKTUMMA CMELUTEHUM Y  CUIOCKMMA,
TEXHUYKE Mo3uumje 3a MNpunpemy MNpOTUBPAKETHUX MPOjeKTMAa M 3a MpPeHoC
nogartaka u cuctema 5Ya67, noumpaHor Ha pasgarbuHu og 100 km. Cuctem
Amur-P Hanasu ce Ha nosuuujama 7, 8, 35, 6/52, a NpoTMBpaAKETHE pakeTe ce
naHcupajy ca nosuumje 35.
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Padapcku cucmem Don-2NP

Papapcku cuctem Don-2NP ca cBojom hasnpaHOM aHTEHCKOM peLleTKOM
4eo je mockoBckor pagapckor cuctema Don-2N 6asupaHor y mecty CodpuHo.
OH oTKpuBa, npatM uUMIbeBE W MNPOTUBPAKETHE pakeTe, MPEHOCUM KOoMaHae
NPOTMBPaKETHMM pakeTama v npuma noBpaTHe MHdopmauuje. 3aTum, CUCTEM
Amur naHcmpa jegHocTeneHe NpoTMBpakeTHe pakeTe Tuna PRS-1M 3a 6nucko
npecpeTane ca oaBajajyhom BofleHom 6ojeBom rmaBom am3ajHa Novator.

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

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

Typcka ogabpana yKpajuHCK1 akTUBHU cucTeM 3awTuTe Zaslon?

OcHOBHM HepgocTaTak cucTeMa akTuBHe 3awTuTte Zaslon jecte wTto je
noTeHumjanHo CMpTOHOCaH 3a neluaaujy Koja HacTyna y3 TeHK, LUTO NPoy3pokyje
Benuke npobneme y cnyyajy Aa nelwaguvja Hanaga HenpujaTer-cku nonoxaj y3
6rmMcko cagejcTBO TEHKOBA.

36or Tora je amepuyka Bojcka Oyro okrnesarna fa MX MOHTUpa Ha CBoje
TeHkoBe. Ha kpajy je oanyyeHo ga ce MOHTMpa cuUcTEMa Ca YCMEPEHUM
JejcTBoM.

% The National Interest, May 9, 2020
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Capagha Typcke W yKpajuHcke onbpambeHe uvHOyCTpuje 3Ha4yajHO je
HanpegoBana TOKOM nocneawux rogvHa. Haume, Typcka cBe MHTEH3UBHUjE
pasBuja CBOje OKITOMHE W NMPOTMBOKIIOMNHE TEXHONOMMje Ca BEMUKUM OCFIOHLEM
Ha yKpajuHcka pellewa. JefaH o WMHTEPECAHTHUX MpUMepa je U YKPajuHCKK
CUCTEM aKTUBHe 3aluTuTe Zas/on Koju Typcka BOjCKa MOHTUPA Ha CBOje TEHKOBE
M60, a koju no nuueHun nspanyje Typcka komnaHuja Aselsan.

Typcku meHkosu M60 Ha kojuma ce MoHmupa cucmem Zaslon

Zaslon cnapa y pef ,cMpoBUX” aKTUBHUX CUCTEMa 3allTUTE Ha TPXULUTY.
Ocnatba ce Ha BULLECTPYKE €KCMMo3nBHe ,LeBn” Koje Cy yByYeHe y CTpaHuue
Bo3una. Kaga ce Bo3uno Hanasu y oracHoj 30HW, LEBW ce u3Bnade, a pagjap
Koju je y ueBM ce akTueupa, Tpaxehu meTy. Kaga ce uurb getekTyje, LeB ce
aKTuBMpa, AeToHupa, cteapajyhm yaapHu Tanac gpparMeHaTa Koju yHULITaBajy
unu owrTehyjy npojektun. KOHCTpyKTOpM cuctema TBpae Aa je edumkacaH u
NPOTUB KMHETUYKMNX MPOJEKTMUIIA, LUTO HMj€ MHOTO BEPOBATHO.

MehyTtnm, KOHCTpykuuja cuctema Zaslon wvpgeanHa je 3a yHanpehewe
noctojehux Bo3una. Zaslon He 3axTeBa fogaTtHe Moayrne Ha Kynonu Beh ce oHu
MOHTUpaAjy Ha Tpyny, Tako Aa He NoCcToju godaTtHo onTepeherwe came kynone
Kao y cryyajy ycMepeHor cuctema akTuBHe 3awTute cuctema Trophy Ha TeHKy
M1 Abrams. YkpajuHCkM u3BOpW Takofhe HaBode Oa je BpeMe pearoBara
jeoHocTaBHMjer cuctema 3awTtute Zaslon Opxe y OAHOCY Ha cucrteme
ycMepaBaHor pfejctBa kao wTto je Trophy, jep He noctoju notpeba 3a
ycMepaBaweM cucTemMa npema uusby.

MehyTnm, noctoju Benvka OMACHOCT MO nellajujy Koja HacTtyna nopen
TeHka. AMepuyka Bojcka je 3bortora Oyro okrneBarna ca MOHTaKOM aKTMBHMX
cuctema 3awtute. byayhm pa je Zaslon cmpTtoHOcaH 3a CBOjy newagwujy,
CMPTOHOCaH je U 3a HenpujaTerbCky newagunjy, jep ce Moxe KOPUCTUTU U Kao
nocnegxwa mepa ogbpaHe o HenpujaTerbCKMx cHara.
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HaxanocT, HemMa HUKakBMX nogataka O ycnewHocTu cucrema Zaslon koju
Cy MOHTUpaHW Ha Typckum TeHkoBuMa M-60T 3a BpeMe HegasBHUX odhaH3uBa,
jep je BehmnHa ynotpebrbeHnx TeHkoBa Guna Heka of BapwjaHTu TeHka Leopard
2 3a Koje he, BepoBaTHO, 6UTN ogabpaH HeKM CODUCTULMPAHWU CUCTEM.

e KA3“3acnow-/1" V'

Zaslon-L

Typcka BapujaHTa cuctema Zaslon pasnukyje ce og opurnHana Koju je
onpeMsbeH ca ABa npecpeTtaya. TypckuM cMCcTeM 3acHOBaH je Ha cuctemy Zaslon-
L koju cagpxum camo jefjaH npecpetad. TO ra YMHW BProO OCET/bBUMBUM Ha
cuTyaumje y Kojuma gonasu o 3acuhera cuctema ogbpaHe Hanagom ca BuLle
npojekTuna odjedHOM, jep OHaj yrao ca Kojer je ucnarbeH npecpetay octaje 6e3
onbpaHe oa cnepeher npojektuna nnu pakete. Cuctem moxe 6utn edpmkacaH y
npecpeTamwy nojeanHavyHnX NPOTUBTEHKOBCKUX pakeTa, anu Kafa je y nutawy
Hanag ca BuWe npojekTuna ogjegHom edwmkacHa opbpaHa je nog 3HaKoMm
nuTama.

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

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

HoBa wBeacka noamopHuua®

lMpojekaT HOBMX NOAMOPHULA 3ano4veT je NoYeTKOM OeBefeceTux rogmHa
nog HasmesoMm U-bat 2000 n Tpebano je ga Oyae 3aBpLUEH Kpajem OeBedeceTnx u
NnoYyeTKkoOM AOBexXunibaganuTmnx rogunHa. Ca KpajeM XnagHor pata M HeCTaHKOM
npetwe CosjeTckor CaBesa 4MHWMMO Cce fa je npecrtana notpeba 3a HOBOM
knacom nogmopHuua. MNpojekat je 61Mo 3aycTaBibEH A0 NOMOBMHE ABEXUIbAAUTE
roavHe, kaga je notpeba 3a 3ameHOM nogMopHuua knace Sodermanland

3 The National Interest, May 20, 2020, .navyrecognition.com
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nocrana HeonxogHa. MpBobuTHO je 6una npepeufieHa capagra CkaHAMHABCKUX
3eMarba pagu npojektoBara M npounssoane noamopHuua knace Viking, anu je
Ta mnaeja ogbaveHa HakoH LWTo ce [JaHcKa MoBYKMa M3 NpojekTa, LTO je 3HaYumo
Aa komnanunja Kockums (kacHuje SAAB) mopa cama fa HacTaBu npojekar.

Tokom mapTa 2015. roguHe NOHOBO je 3ano4veT paj Ha MPOJEKTY HAKOH LUTO
je wBencka Braga nopyyuna wmsrpagkwy OBe nogmMopHuue krace A-26 3a
MakcuMMarnHu nsHoc of oko 840 munmoHa amepuyknx gonapa. Odekyje ce oa he
noamopHuue 6uTtn 3aBpweHe o 2022. roguHe, a npunagahe knacu Blekinge
nop, Hasueuma HMS Blekinge n HMS Skane.

S

ModmopHuya knace A-26

LLiBeacke nogmopHuLue cy Mane u npunaroheHe 6antuykom nogmopjy, anv
Cy U3y3eTHO ayTomMaTusoBaHe, LUTO nogpasymMeBa manu Opoj unaHoBa nocaze.
OBe nogmopHuLE OnMpeMSbeHE Cy HOBMM MOLEPHMM MOrOHOM HE3aBUCHUM Of
Basgyxa (AIP Air Independent Propulsion) n nakum Topneguma, npedxmka 400
MM, KOj1 CY XXWU4HO BOheHn 1 Mory 6uTn ncnarbueaHu y cansama.

Cuctem Stirling doyHKLMOHULLIE TAKO LUTO Ce CTBapa HeonxodHa TonmoTa y
OABOjEHMM KOMOpama 3a caropeBake Yy KOojuMa ropy MellaBuMHa Te4vyHor
KMCEOHMKa U AM3ena Ymju ce racHU NPOAYKT Liarbe Y 3aTBOPEHU 4e0 CUCTEMCKOT
MoroHa Koju 3atum nokpehe KnunoBe y uMnMHApuMma, npeTtsapajyhu TonnoTHy
eHepryjy y MexaHudky. loroH Stirling je eHepreTckn edwmkacaH n uma Bpno
HUCKY aKyCTUYKY U MH(ppaLpBEHY CIUKY.

AyToHOMMja nogMopHuue A-26 camo y3 Stirling noroH Mmepu ce Hegerbama,
a 3aBMCM 0f, YKPL@HUX 3anvxa KuceoHuka u amvsena. 3a T0 BpeMe nogmopHuUa
He Mopa u3paraTtu Ha NOBPLUMHY.
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MogMopHuuy A-26 Mory fa KopucTe 1 cneumjanHe cHare. OnpemMrbeHa je
BEMWKNUM XaHrapom wusmely TopnegHux ueBu (Mog Ha3MBOM BULLIEHAMEHCKU
noptan) u ca [Ba KOHTejHepa ca OnMpemMoMm uchof camor xaHrapa. Kaga ce
Hanasw Ha AHYy Mopa poHuouMMa crelmjanHux cHara omoryheH je uanas v ynas
MpeKko xaHrapa, a NnocTojyu M MOryhHOCT HMXOBOr M3nacka M OOK NogmMopHuLa
nnyTta Ha ogpeheHoj ayouHu.

HoBe noamopHMUEe KOpUCTE HanpedHy TEeXHONorvjy Koja WX YUHU
HEBMAIBMBUM NYTEM pPaBHOTEXE PA3NUUNTUX 3BYYHMX ogpasa. OBe TexHonorunje
omoryhaBajy ga ux Henpujatesb He MOXe AeTeKToBaTu, KnacudukoBaTn wu
nouupatn. LlBeacka uma gyry UCTopujy npojekToBakba TakBUX MNOAMOPHULA.
MoamopHuua A-26 je uspaheHa oOf BenUKMX enacTUYHUX Martepujana u
nperpaga pagu cMawMBakba 3aMmopa MaTtepujana u nocrtojehux 3sykoBa, anuv u
ancopnuuvje ygapa. Pagn pamser cmakbetba Oyke, npoctop mamely nperpaga
UCMYHEH je aKyCTU4HMM Mmatepujanuma. OBaj nNpucTyn MpUMEHEH je Y
jeovHCTBEHO] KOMBMHaUMjM ca MHOro ApYyrmx KapakTepuctuka u meTtoga, kao
LUTO Cy: 3BYYHO M30JI0BaH MOrOH HE3aBWCTaH of Ba3gyxa tuna Stirling n xomope
ca [Ou3en-mMoTopoM; enacTudHa LuUpeBa W KOMMEH3aTopw;  OrpaHuyeH
MaKCMMarnHu MpPOTOK TEYHOCTW M Basgyxa Yy LUEBMMA; MUHUMAIHW NPEYHUK
caBujahba LeBM M creumvjantn ansajH Tpyna u octanmx genosa nogMopHULE.

A-26 AIP Attack Submarine
COVERT SHORES

ModmopHuua knace A-26

Y jeaHy og nogmopHuua HoBe reHepauuvje cnaga n A-26 ca nuHujama
Tpyna Koje Cy npojekToBaHe Tako [a yMmake yaapHe cune ekcnnosuja, LWTo ce
BMOW Ha TOpHY unu jeapy” koju uma HeyobuyajeH mcnynuyeH npocpun. Cama
KOHCTpYyKLUMja MOroHa He3aBUCHOr of Ba3gyxa omoryhaBa MHOro Tuww pag y
O[HOCY Ha npeTxodHe nogmopHuue, omoryhasajyhu HoBe naTposiHe Mucuje.

KomnaHuja Saab HaBoam ga je nogmopHuua A-26 y BENMKOj MEpPU OTMOPHA
Ha ygapHe Tanace of, ekcrnnosuvja MmHa u aybuHckux 6omou. NogmopHuua ca
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CBOM MOCaZIOM je YXXMBO TecTMpaHa Ha ekcrnosuje aybuHckux 6ombu Ha camo
HEKONMMKO MeTapa OyOuHe pagu npoBepe OTMOPHOCTM Tpyna, anv U camux
enekTpoHcKux ypehaja.

Crent (HeBMArbMBa) TexHomorvja Komnanwje Saab cnaga y HajTiwe
TEXHOmMOorvje Koje cy uMkaga npuMereHe Ha nogmMopHuuama knace Gotland.
WHaue, jegHy LwwBencky nogmMopHuuy knace Gotland Ha nuauHr je ysena wu
amepuvyka MOpHapuua pagu npoBepe OTKpMBawa CBOjUX  HyKMeapHWX
noamMopHUUa, jep je TakBa KnacuyHa nogmMopHuua, 3axsarbyjyhu cBojoj ctenT
KOHCTPYKUMjU M TEXHOMOorunju, ycnena ga y MOMOPCKMM MaHeBpuma ,notonu’
jeaHy cbpaHuycKy n jeoHy amepudky HykneapHy nogmopHuuy (USS Houston), a
Joluna je u Ha nomnoxXaj ogakne je Morna Aa naHcumpa Topneia U envMMuHuLLE m
amMepuykn HykneapHu Hocad aBmoHa USS Ronald Reagan.

Ako je nogmopHuua npetxoaHe knace Gotland morna oa octBapy oBakse
pesynTtaTte, wrta he Tek mohn HoBa knaca Blekinge?

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

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

Firefly: N3paencka ,nyTajyha” myHuumja (Mnv OpoH kamukasa)®

Marnena kao upHuM Wtan n nedamv y Basgyxy, anu ce 3abvja y Henpujaterba
Op3uHoM of 70 KM Ha 4ac.

Firefly (cBuTau) jecTe HajHOBMje OpyXje Koje HabaBrba M3paenicko
MUHUCTaApCTBO oabpaHe of komnaHuje Rafael Advanced Defense Systems.
BbecnunoTtHa neTtenuua HameweHa je Haopyxawy newaguje. lMocebHo je
npojekToBaHa 3a ynoTpeby BOjHMUMMA KOju ce Gope y rpagckoM OKpYXKewy,
npyxajyhm um moryhHocT ga nytem nebaehe 6ecnunotHe netenuue Kpyxe oko
3rpaga, npeumsHo oTkpuBajyhm un  enumuHuwyhu  Tepopucte  unm
HenpuvjaTer-ese cHare.

Firefly cnapa y knacy ,nyTtajyhe” myHuumje, HeKy BPCTY CaMoybmnadkmx
GecnunoTHUX neTenuua u nNpunaga BeNUKOj Nopoanum paketa tuna Spike koje
Kopucte 4ak TpugeceT Tpu 3emrbe. CjeauwbeHe [pxaBe cy Takohe kynune
pakeTe Spike 3a cBoje jypuwHe xenukontepe AH-64 Apache. Pakete Spike
nosHaTte cy kao ybuue TeHKoBa, anu Firefly cnaga y pea MHOro Maker opyxja
Koje MMa macy of camo 3 Kr v npeficrtasrba Aeo onpeme newaauvje. Y Hoswuje
BpemMe newaguja ceBe Yewhe KopucTu Mawe OecnunotHe neTenuue pagu
Hag3opa v Hanaga, anuv je kuxoBa ynotpeba jow y noBojy. Mapaen koju je jow
1980. rognHe no4veo pa ynoTtpebrbaBa GecnunoTHe neTenuue caga Tpaxu
MoryhHOCT uHTerpucawa ,JiyTajyher’ opyxja 3a KonHeHe cHare.

Jletennuy Firefly passune cy «komnaHuvja Rafael wn wuspaencko
MUHUCTaApCcTBO ofbpaHe, a MpojekToBaHa je 3a pelwaBake npobnema koje je
U3paen youno y HepaBHUM KoHdnukTuMa. Pagm ce o cuTyaumjama kagja ce

4 The National Interest, May 10, 2020
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BojHe cHare Gope y yp6aHuM nogpydjuMa unu npoTMB MUMNMUTaHaTa Koju cy
YKOMaHW WNW CaKPUBEHMW, KAO LUTO Cy CHajnepucTu, ornepatepu pyyHux Gauava
WM MMNPOBU30BaHMX EKCMMO3UBHUX CpeacTaBa. Y TUM cuTyauujama Bprio je
KOPUCHO UMaTtu Ha pacnonaramwy ,nyTajyhy” MyHULMjy Koja cnpoBoau Haa3op M
Hanag.

becnunomnHa nemenuua Firefly

BecnunoTHoM netenuuom Firefly ynpasrba ce nytem TabneTta, a Hanasu ce
crnakoBaHa y Tyby. Pagn ce o pobycTHOj KOHCTpyKLMjU, a netenuua ce Bpaha
KOPUCHUKY CaMO jeQHWM KIMKOM Ha Tabnety. Mima n mMoryhHoOCT OTkasuBaha
Mucuje, a nocegyje ceHsope 3axBarbyjyhmn kojuma usberaBa TenedoHcke
kabnose, aApeehe unu apyre npenpeke Ha Koje MOXe Aa HaneTu.

KomnaHnuja Rafael HaBoau ga je nageja npojekToBaka OBOr OpyXja notekna
jow y paty 1967. roguHe. 3a Bpeme Gutke 3a Jepycanum nu3paericku BOjHULU Cy
Mopanu ga HanagHy jopaaHcKke Nnosvuumje Ha CTpaTeLlKoM Y3BULIEHY Ha3BaHOM
,0pO0 MyHuuuje”. M3paenum cy npeTprnenu Benuke rybutke, a jegaH opf
NnpexmnBenux nocTao je MHXewep Yy komnaHuju Rafael n nnacupao ugejy o
nebgehem ,nytajyhem” opyxjy.

To je npojekTnn Koju ce Hanasu CKNOMfbeH Yy Marnom kaHuctepy. Moxe
netetn Ha garbMHama go 500 meTapa, nma GaTepujy koja ce 6p3o memwa, a
moryhe je 4eMOHTUpaTV U eKCMMO3MBHO Myhere Kafda ce neTenvua KopucTu
caMo 3a Hapasop. lMpojektaHTn npeasuhajy ynotpedy netenuue Ha HUMBOY 4eTe
nnu Boga. Ouekyje ce aa he 6UTN npom3BedeHa BenNvka KonMyvHa 3a nspaericke
cHare. V3paencka Bojcka v nonuuuja Beh Kopuctu Benuku 6poj pasHux BpcTa
GecnunoTHux neTtenuua, a o4vekyje ce ga he nNpBO BaTPEHO KpLUTEHE UMaTU
NpoTUB rpyna kao wTto cy Xe3bonax unu Xamac y cnegehux nap rogvHa, Maga
ce He uckrby4yje Hu ynotpeba y Cupujn.

OBakBe BpcTe neTenuua, nopeg Hag3opa W AejcTBa MpPOTUB yKOMaHOTr
HenpwujaTera, Mory 6utn ynotpebroeHe 1 3a Hanage Ha CKynibe MeTe, Kao LUTO
je noTtBpheHo y Jlnbuju, roe cy Typcke OGecnunotHe neTenuue Hanane u
YHULLTWUNE HEKOMMUKO PYCKMX MPOTUBpaKeTHUX cuctema llaHyup. HaBoan ce ga
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cy cucteme [laHyup, nopen HaopyxaHux 6ecnunoTHux netenuua bapjakmap,
Hanagane n Make camoybunadke 6ecnunoTHe netenuue.

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

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

MpoTtoTnn MuHoGauava MZ-204 Highlander je cnpeman®

Pyckn camoxogHun muHobauay MZ-204 Highlander, pa3BujeH Ha Lwacwuju
BULLEHaMEeHCKor oknonHor Bo3una Tigr-M, ycnewHo je 3aBpwno cBe
peneBaHTHe TecToBe.

MZ-204 Highlander y nonoxajy 3a omeapare eampe

MZ-204 Highlander je camoxogHu MuHODauay ca apTUIbepPUjCKUM
cuctemMoMm 120 MM MOHTUpaHVWM Ha 3agweM [eny Bo3ura ca enekTpudHUM
yBoheweM napameTapa enesauuje n asumyta. Hberosa ocHoBHa npeaHOCT y
OQHOCY Ha CfMYHe cucTeme jecTe LITO ce rnocaga Hanasu y caMoMm BO3wny 3a
Bpeme oTBapar-a BaTpe.

® May 2020 www.armyrecognition.com
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MZ-204 Highlander y nonoxajy 3a nywere

Onepauuja npunpeme u ucnarbMBawa MuHa 13 mmHobalada cnpoBoau ce
6e3 HanywTaka Bo3una. lNpe ncnarsuBaka MyHa LeB MuHobauaya ce cnywTa
xopu3oHTanHo. [lpeko nocebHor npos3opa 3a nykwewe Koje ce 3aTeBapa
OKIMONSbEHMM MOKIIOMNLUEeM, NyHUraL, nocTaBrba MUHY y LeB MnHobauada. HakoH
Tora ueB MuHOGaLava ce ayTomMaTCku Mewe y Nosuuumjy 3a oTBapare BaTpe.
OnepatvMBHa cuTyauuja v nojaum y Be3n C LUIbeBMMA MpuUKasyjy ce Ha
MynTudyHkunoHanHum JILO ancnnejuma y 6oju.

MZ-204 Highlander pagn noTNyHO ayTOMaTM30BaHO M MoOXe Jobuvjatu
nopaTtke o uurbeBnMa of 6ecnunoTHuX netenuua.

CucteM MoXe KOpUCTUTM K nogewaBajyhy MyHMUMjy Kao LUTO Cy Bprio
npeunsHe mmHe Gran 120 mm.

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

ORCID iD: http://orcid.org/0000-0003-1620-5601
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Onepauuja ,Mycturscku wrut” u BMNIN Baryaktar TB2°

Cwupujcko paTHO Ba3gyxonnoBcTBO je, 27. debpyapa 2020. roawuHe,
M3BPLUMIO NpeuunsaH Ba3ayLlHW yaap Ha ABOCNpaTHY 3rpagy Y CMpUjcKOM rpagy
Balioun, y kojy cy ce cknoHune Typcke cHare of yaapa cupujcke apTurbepuje, a
Koje cy nmogpxaBarne npoTypcke nobyweHuKe. Y Ba3gyLHOM yaapy cTpajano je
34 Typcka BojHMKa, a 30 ux je pareHo.

TypcKu 80jHU KOHB0j Koju je ywao y Cupujy npeko epaHuue Kafr Lusin u kpemao ce
npema jyey nposuHyuje Ndnub

Hanapg je nokpeHyo cepujy gorahaja Koju cy KynMuHUpanu npekuaom BaTpe
5. mapta. MehyTtum, y cnopHoMm nepuody OA cefjaM daHa TypcKe cHare cy
ynotpebune orpomaH ©Opoj 6ecnunoTHMx neTtenuua, WTO MO  TYPCKUM
3BaHMYHMUUMA NpeacTaBiba ,BOjHY MHOBaUMjy Koja je AeMOHCTpupana Typcku
TEXHOIMOLLKM Hanpeaak Ha 6ojHOM norby”.

OBaj 60opbeHn nepuoa NpMMopao je cupujcke cHare Ha Op3y aganTauujy.
Cvipujckm OpywiTBEHUM MeAuju HaBogunu cy ga je ynotpebrbeH Benuku 6poj
Typckmx 6ecnunoTtHux netenuua (BININ) Baryaktar TB2 v ga je cupujcka Bojcka
Mopana 6p30 ga HayyYnm Oa He KOHUEHTpULle CBOje CHare Ha TepeHy, Aa
cakpuBa BO3una v fa KopucTtu NpoTuBBa3gyLUHE CHare.

TypcKko MUHMCTaApCTBO ofbpaHe je TBpAuNo Aa je y onepaumju ,[yCTUHCKM
WTKT’, y KOjoj je ynoTpebrbeH Benukn 6poj BIJ1, 3akrbyyHo ca 1. mapTom
n3baveHo u3 crtpoja 2200 cupujckux BojHuka, 103 TeHka, cuctemn MNBO un 72
xaybuue. Onepauuja je 3aycTtaBuna HaneT CMPUjCKMUX Tpyna.

® Jane’s Defence International May 2020

676




Huje moryhe noTBpanTK Typcke TBpAOHE, anu je jeaaH pycku peroprtep, Y
CBOjM M3BelITajuma u3 pernoHa 4. maprta, Hanucao fa je usmeny 25. n 28.
debpyapa cupujcka Bojcka NpeTpnena 3HadajHe ryouTke, ykibydyjyhn 23 TeHka,
16 6opbeHnx Bo3una newaauvje n 9 BULLELIEBHMX JTAHCEPa pakeTa.

Y Tom nepuogy Typcke BIJ1 cy netene no rpynama og no 6 netenuua Ha
BehMm BuCMHama pagu usBuhawba M Hanaga Ha uubeBe ca HaBogehum
pakeTama — jegHa netenuua 6m youuna uurb, Aok 6u gpyra naHcupana pakeTy
ca farbuHe ol HEKONMKO KnunomMeTapa.

Marnena aa je Hajgehu 6poj ynotpebreeHux BIMJ1 npunagao tuny Baryaktar
TB2, Typckor npou3sohaya Baykar. KomnaHuja HaBoan ga netenuua gOCTUXE
BUCMHY oA 8230 M n nma aytoHomujy neta go 24 4vaca. KomnnetaH cuctem
Baryaktar TB2 cactoju ce oan came BIJ1, 3emarbcke KOHTPOMHE CTaHuue U
KOMHeHOor MHGOPMaLMOHOr TepMUMHana ca Ao4aTHUM BU3YENHUM TepMUHANoM 1
reHepaTopom.

Turkish UAV tactics

K Limied‘Getty Images: 1764608
.

Koopdurauuja dee BI1J/1 Baryaktar TB2. JedHa nemu 6nu3y yurba, omoeyhaeajyhu
niacepcko 8ohere U 8puwiu KoopOUHayujy pakema koje naHcupa dpyeaa brll/1.

BecnunoTtHa netenuua uma gomet o 150 kM, a npeTnocTaBrba ce Aa je
naHcupaHa ca aepogpoma Hatay, y Typckoj. Jletenuua netn kpctapehom
6pavHoM of 129 km Ha 4ac, nokpehe je motop og 100 KC, gok pesepBoap 3a
ropmso npuma 300 nutapa ropua. Baryaktar TB2 wma HocuocT o 150 kr u
MOXe HOCWUTK OO 4YeTupu HaBoheHa npojektuna (kao wto cy MAM-L v MAM-C
KomnaHuje Roketsan), kao 1 enekTpoonTUYKMA CUCTEM Ca TEPMAriHOM U AHEBHOM
kamepom. Cnvka ca netenvue NpeHocu ce y pearnHOM BPEMEHY, a MOXe ce
npeHeTn u Ha gpyre ypehaje ca onepatnBHmum cuctemom Windows.

MAM-L je munkponpojekTun, mace Ao 22 kr, jomeTta 4o 8 KM KOju ce Moxe
npogyxmtm no 14 KM ca WHepuMjarnHUM W CaTEeNUTCKMM HaBUrauMOHUM
cuctemoM. [locenyje OnM3MHCKM ynarbad ca MONyakKTUBHMM  NAcepCKUM
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Tparadem. OBakaB HauvH paja 3axTeBa Nacepcko o3padvvBake ca apyre BI1J1
nnn Heke gpyre nnatdgopeme. MNMoTpebHo je Aa umb Byae KOHCTATHO BUASHUB.
Paketa moxe OUTM onpemsbeHa TaHOEM- EKCNMNO3MBHOM ©O0jeBOM rnaBoM,
NMPOTUBTEHKOBCKOM KymyrnaTuBHOM 60jeBOM rnaBoM wunn Tepmobapuykom
6ojeBoM rnaBom, WTO oO6jawHaBa pPasHOBPCHOCT MOroheHnx uurbeeBe of
TEeHKOBa A0 newaguje.

MAM-C je jow marbm npojekTun, mace go 6,5 kr, gometa A0 8 km, U
KOPUCTU UCTM HaumH nacpeckor Hasohewa. Paketa moxe 6utu onpemrbeHa
BMLIEHaMeHCKOM 00jeBOM rnaBoM ca napyagHuM, 3anarbvBum U NPOoBOjHUM
OejcTBoMm.

Tokom cykoba y YkpajuHu obe cTpaHe cy ynotpebrbasane BIJ1 Ha crnivyaH
Ha4YuH — naHcuparne cy ybojHa cpecTBa Ha HenpujaTerbeBe nosuuuje.

MehyTum, npeTnocTasrea ce Aa je npumapHu umrib Typckux Brjly Manmwby
Ovo koopavHaumja ca TypckOM apTwuibepujom. Ha cHumMumMmMa ce Buau
ucnarbMBawe paketTa ca BULLIELEBHOr naHcepa paketa TRG 300 y npasuy
Nonuba.

OgBaj BJIP nma makcumanHm gomeT o 120 KM 1M KOPUCTM MHEpLUMjanHn u
caTenuTcku cuctem 3a Bohewe pakeTa. bojeBa rmaBa uma macy og 105 kr un
edukacaH pagujyc gejctea go 70 M. Y3 camoxogHe xaybuue Firtina 155 mm
OBaj cucTteM je Hajuewhe kopuwheH y [ejcTBMMa TypcKke BOjCKE TOKOM
NOMEHYTUX cegam gaHa.

BecnunoTtHe neTtenuue mopane cy ga obesbene koopauHaTe uMrbeBa 3a

Typcku TRG 300 nytem nacepckor o3HadvBa4a. Victu meton mopao je 6uTu
kopuwheH un 3a ynotpeby camoxogHux xaybuua, anu ce He 3Ha ga nu je Typcka
umana npucTyn nacepckun BONEHVMM apTUIbLEPWJCKMM rpaHatama Koje ©wu
Hasogune BIJ1. Oeaj meTof ce pasnukyje og metoaa Koje je Pycuja kopmctuna
ca ceojum BIJT y YkpajuHu. lNMpeTnocTaBrea ce Aa je HaunH unrbakba pycKux
BlNJ1 mawe npeuunsaH M ga 3axTeBa OAUPEKTHO npefeTake UMbeBa U crnake
KOOpAMHaTa CBOjoj apTurbepujn unmn ynotpeby pedepeHTHUX Tavaka.
Bojun wu3Bopn HaBoge pHa cy Typcke cHare ynoTpeburne CrnoxeH HaudvH
€rneKTpoHCKOor partoBawa y onepauujy y Wonuby. Wsrmepga pa cy Typuwm
ynoTpebunu u ceojy apyry catenutcku BoheHny BIJ1 Anka-S, pagn npecpetana
€eKTPOHCKMX KOMyHuKauuja. HenosHato je o Kojum TanacHuM OyxXuHama ce
paguno, anu cama neTtenuua MMa HeKONWKO aHTeHa Koje ce KopucTe 3a
reonoumpare pagmo-koMyHuKauuja.

Typum cy y Vonnby ynotpebunm u KOMHEHU CUCTEM 3a EeNEeKTPOHCKO
patoBawe Koral Koju notuckyje HenpwjaterbeBy [1BO ogbpaHy Tako LWTO
npubaerba wHpoOpmauuvje u omoryhasa 6p3y pasmeHy wHdOpMauuvja Ha
crnoxeHom 6ojuwty. Cuctem ce cacTtoju of Bo3una 3a €NEeKTPOHCKY MOAPLLKY U
eneKkTpoHCcKM Hanag. Moxe ce ynotpebutu 3a omeTambe HenpujaTerbeBux
pagapa NBO, a yTBphyje n kMXOBY TayHy fokauujy.

BecnunoTtHa netenuua Anka-S n KonHeHu cuctem Koral BepoBaTHO Cy
ynoTpebrbeHn Kao Aeo KOMOWHOBaHMX CcHara kojuma je 6uo 3apaTtak fa
orpaHuye MoryhHOCT CUpMjCKMX CHara 3a KoopauHauujy ogbpaHe npotus BIMJT n
apTurbepujckmx cuctema. [lpeTnoctaBrba ce fa Cy TYpCKM  CUCTEMU

678




€MeKTPOHCKOr paToBaHa MManu 3a Lnib OTKpUBaHe NMoTeHUUjanH1x uurbesa u
oTexaBare HenpujaTeroeBor oArosopa.

Laser targeting with a UAV

© 2020 Jane's Group UK Limied'Getty imag
~

JedHa BI1J1 Baryaktar TB2 kopucmu nacepcko o3padyugarse. Ogum memodom Aobujajy ce
mayHe KkoopduHame yusba.

CneumndunyHOCT TypcKor cueHapuja je u ynotpeba netenuue 3a paHo
ynosopaBame U KoHTpony E-7T Peace Eagle, koja nma 3a Unib kKoopauHauujy
BasaywHe oabpaHe. Y OBOM criyyajy aBuMOH je kopuwheH 3a obesbehuBane
nHpopmaumja BIJ1 npeko KOMHEHMX TepMumHana W Typcke KOMaHOHE W
KOHTpOInHe Mpexe. Ynotpeba oBe netenuvue goaartHo je obesbeamna ynotpeby
BN y 6opbw.

W nopen oBakBe KOMOUHOBaHe onepauuje NpeTnocTasrba ce Aa cy Typuu
n3ryéunum vak 20 BrJl.

CnuyHa onepauumja cnpoBefdeHa je u y Jlnbuwju, roe Typcke cHare
nogpxaesajy cHare Bnage HaumoHanHor jeguHctBa y 60pbu npoTuB cHara
reHepana Xadtapa, rae je ctpagarno HeKONuMKo pyckux cuctema lNaHuyup.

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. Yaconuc objaBrbyje M ocTana Teopujcka W npakTU4Ha JocTurHyha koja
JOMpUHOCE ycaBpluaBakwy CBMX MpWNagHWKa cprcke, pervoHanHe u MehyHapogHe
akageMcke 3ajegHuLe, a nocebHo NpunagHuKa BOjCKM M MUHWUCTapcTaBa oabpaHe.

YpehuBadka nonutuka BOjHOTEXHWMYKOr rnacHuka 3acHMBa ce Ha npenopykama
Opbopa 3a etnyHocT y msgasawTBy (COPE Core Practices), kao n Ha Haj6orbum
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 npubaBrbLEHOM MULLIbLEHY U3
ynaHa 25. ctaB 1. Tauka 5) 3akoHa 0 Hay4yHoMUCTpaxmBaykoj aenatHocTu (,CryxbeHu
rmaciuk PC”, 6p. 110/05, 50/06-ucnp. wu 18/10), yTBpAMNO je kaTeropusauujy
BojHoTexHu4kor rnacHuka, 3a 2019. roguHy:

3a 06nacT TeXHOMOLLKM pa3Bo;j:

— Ha NMCTU Yaconuca 3a eneKTPOHMUKY, TerleKoOMyHuKaumje U MHcopmaumnoHe
TexHonoruje:

kaTeropuvja Bogehu Hay4YHM Yaconuc HaumoHanHor 3Ha4vaja (M51),

— Ha NUCTM Yacomnuca 3a MmaTepujane u xeMujcke TexHorsoruje:

KaTeropuvja Hay4YHu 4aconuc HaumoHanHor 3Ha4vaja (M52),

— Ha NMCTM Yaconuca 3a MalIMHCTBO:

KaTeropwvja Hay4Hu 4aconuc HauMoHanHor 3Hadvaja (M52),

3a 0bnact oCHOBHa UCTpaxuBama:

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

KaTeropuja Hay4Hu yaconuc (M53).

680




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 W ancTpakT ca Kby4HUM pEYMMa Ha EHIMECKOM M pYCcKoM je3uky (6e3
Hymepaumje HacrnoBa u nogHacnosa). Obum unaHka Tpeba ga Gyaoe oko jegHor ayTopcKor
Tabaka (16 ctpaHmua dopmata A4 ca npopegom Single), a HajsuLe 24 cTpaHu1ue.

UnaHak Tpeba ga Oyne HamucaH Ha obpacuy 3a nucake 4raHka, Koju ce y
€NeKTPOHCKOj hopMM MOXe Npey3eTy ca cajTa Ha cTpaHuumn Obpasay, 3a rnucare YiaHka.
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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 Hacnoe ce ucCnuCyje ca CTpaHe CBake CTpPaHWLEe unaHka pagu nakwe
naeHTudukaumje, NocebHO Konumja YnaHaka y enekTpoHckom obnuky. Cagpxu npesvme n
MHMLMjan MmeHa ayTopa (ako ayTopa MMa Bulle, nMpeocTanu ce o3HadvaBajy ca et al.”
wnu M gp.“), Hacnose paga v Yaconvca u Konaumjy (rognHa, BoflyMeH, cBecka, noveTHa
1 3aBpLUHa CTpaHuua). Hacnosu Yaconuca n YnaHka Mory ce gatu y ckpaheHoM obnuky.

Ume ayTopa

Hasoam ce nyHo ume 1 npesnme (CBMX) aytTopa. Beoma je noxerbHO Aa ce HaBedy
n cpedwa cnosa aytopa. MiMeHa n npesumeHa gomahux aytopa yBek Ce ucrucyjy y
OopurnHanHoM obnuky (ca CpnckuM AUjakpUTUHKMM 3HAKOBMMA), HE3ABUCHO Of je3nka Ha
KOjeMm je HanucaH pag.

Ha3uB ycTaHoBe ayTopa (acdhmnujauuja)

HaBogu ce nyH (3BaHWYHM) Ha3MB 1 CeduLUTe YCTaHOBE Y KOjoj je ayTop 3anocrieH, a
€BEeHTyanHo M Ha3vWB YCTaHOBe Y KOjoj je ayTop 00aBuvo uUCTpaxuBame. Y CrOXEHUM
opraHu3aumjama HaBoam ce yKynHa xujepapxuja (Hnp. YHuBepauTeT oabpaHe y Beorpagy,
BojHa akagemuvja, Kategpa npupogHo-maTtemaTuykux Hayka). bap jegHa opraHusauuvja y
xvjepapxvju Mopa GuUTW MpaBHO Nnuue. AKO ayTopa uMa BWLLIE, a HEeKu NOoTu4y K3 ucte
yCcTaHoBe, Mopa ce, NocebHWM O3HakamMa Wnv Ha OpYrM HauuH, HasHauiTu U3 Koje of
HaBeJeHMX YCTaHOBa MNOTMYE CBaky O HasedeHux aytopa. Adwunujaumja ce ucnucyje
HernocpeaHO HaKoH MMeHa ayTopa. PyHKUMja 1 3Bake ayTopa Ce He HaBode.

KoHTakT nogauu
Anpeca unu e-agpeca CBUX aytopa faje ce nopea MMeHa 1 npesmmeHa aytopa.

KaTeropwuja (Tun) unaHka

KaTteropusauuja unaHaka obaBesa je ypegHuwTBa M of MocebHe je BaXHOCTM.
KaTteropujy 4naHka mory npegnaratv peueH3eHTW U YnaHOBWM YPEeaHWULLTBA, O4HOCHO
ypegHuum pybpuka, anm OAroBOPHOCT 3a KaTeropusauujy CHOCU WUCKIbYYMBO [NaBHU
YPEeAHWK.

UnaHun y BojHOMexXHU4YKOM enacHUKy Knacudukyjy ce Ha HayyHe U CTpy4dHe
ynaHke.

HayyHn ynaHak je:

— opuvrMHanaH HayyHu pag (pag Yy KojeM ce W3HOce MPeTXOAHO HeobjaBrbeHu
pe3ynTaTi CONCTBEHNX UCTPaXuBama Hay4HUM METOAOM);

— npernegHu paa (pag Koju cagpXv opurHanad, geTarbaH M KpUTUYKWM Npukas
ncTpaxusaykor npobnema wnu nogpyyja y kojem je aytop ocTtBapuo oppeheHu
[OMNpUHOC, BUASBUB Ha OCHOBY ayTouuTara);

— KpaTKO WM NPeTXO4HO caoniwiTexwe (OpUrMHamHU HayYyHu pag nyHor dopmarTa,
anu mawer obrvmMa nnu NpenMMUHapHoOr Kapaktepay);
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— Hay4Ha KpuTuKa, OOHOCHO nonemuka (pacnpasBa Ha ogpefieHy HayyHy Tewmy,
3aCHOBaHa MCKIbYYMBO Ha Hay4yHOj aprymeHTaumju) u ocBpTy.

M3y3eTHO, y Hekum obnactma, HayyHu paf Yy 4Yacomucy Moxe WuMaTtn obnuk
MoHorpadcke CTyauvje, kao W KpUTUYKOT u3dawa HayyHe rpahe (MCcTopujcko-apXmBeke,
nekcukorpadcke, bubnuorpadcke, npernega nogataka WM Cn.), OOTad HemosHate Mim
HEe[0BOSbHO MPUCTYNaYHe 3a Hay4Ha UCTPaXKMBaHa.

PapoBu knacudukoBaHn Kao Hay4HU Mopajy umaTu 6ap ABe NO3NTUBHE peLieHsuje.

Ako ce y yaconucy objaBrbyjy ¥ NpUo3n BaHHay4yHOr KapakTepa, Hay4YHu unaHum
Tpeba aa Oyay rpynmMcaHun u jacHo M3LBOjEHN y MPBOM Aeny CBECKE.

CTpyyHM unaHak je:

— CTPYYHM pag (Mpumor y KojemM ce HyAe WCKycTBa KOpucHa 3a yHanpehene
npodecroHarnHe npakce, anu Koja HUCY HY>XHO 3aCHOBaHa Ha Hay4HOM MeTOAY);

— nHcpopmMaTMBHM Npunor (YyBOAHUK, KOMEHTap U C.);
— npuKa3s (Kkure, padyHapckor nporpama, crny4aja, HayqHor gorahaja, u cn.).

Je3uk paga
Jesuk paga moxe GUTU CprcKK, PYCKM UM EHINECKN.

TekcT Mopa BUTK je3andku u CTUMCKU JoTepaH, cucTematusoBaH, 6e3 ckpaheHuua
(ocum cTaHpgapaHux). Cee usunyke BenuurHe Mopajy 6utn nspaxeHe y MehyHapoaHom
cucTeMy MepHuXx jeamuuua — Sl. Pegocnen obpasaua (popmyna) o3HayaBa ce peaHum
6pojeBMMa, ca fecHe CTpaHe y OKpyrnuM 3arpagama.

CaxeTak

CaxeTak jecTe KpaTak MH(OpPMaTMBaH Mpukas cagpxaja 4naHka Koju uutaouy
omoryhaBa fa 6p30 1 Ta4HO OLEHWN HEroBY PEneBaHTHOCT. Y MHTepecy je ypeaHulTaBa
N ayTopa fa caxeTak CcagpXu TepMMHEe KOju Ce 4ecTO KOpUCTe 3a MHAEKCcUMpare U
npeTpary ynaHaka. CacTaBHM [enoBW caxeTka Cy yBOA/UUIb UCTpaxuBama, MeToaw,
pesyntati u 3akrbyyak. CaxeTak Tpeba ga mma og 100 go 250 peun u Tpeba ga ce
Hanasu u3mehy 3arnaerba (Hacrnos, MMeHa ayTopa W Op.) U KIbYYHUX Peyn, HaKOH Kojux
Crnefmn TeKCT YnaHka.

KrbyuHe peun

KrbyuyHe peun cy TepmuHu unu dpase Koje agekBaTHO npeacTaBrbajy cagpaj
ynaHka 3a notpebe uHaeKcHpara 1 npeTpaxuBara. Tpeba nx gogerousaTy ocnamajyhu
ce Ha Heku MehyHapooHu u3Bop (MONWUC, PEYHUK WM Te3aypyc) Koju je Hajwmpe
npuxeaheH MnuM yHyTap gate HayyHe obnactu. 3a HMnp. Hayky yonwTe, TO je nucTa
KIby4HUX peun Web of Science. Bpoj kibyuHux peun He moxe 6utn Behm og 10, a y
MHTEpPECY je ypeaHWLITBa U ayTopa [a Y4YecTarnocT wuxoBe ynotpebe Oyae wro Beha.
KrbyyHe peuun Aajy ce Ha je3uKy Ha KOjeM je HanucaH unaHak (CakeTak) U Ha eHrneckom
jesnky. Y unaHKy ce nuvLly HeNoOCPEeAHO HAKOH caxeTka.

Cunctem ACUCTEHT y Ty cBpxy kopuctu cneuujanHy anatky KWASS: aytomartcko
EKCTPaxoBake KIbYYHUX peyn M3 OUCLMNIMHApHUX Tesaypyca/pedHuka no u3bopy u
PYTUHe 3a HUMXOB ogabup, Tj. NpuxBaTake OOHOCHO oabauvBare of CTpaHe ayTtopa
n/vnu ypeaHuka.

[JaTtym npuxBaTara 4naHka

Hatym kaga je ypeOHULITBO NPUMWIIO YfaHak, AaTyMm Kaja je ypeOHWLUTBO KOHaYHO
npuxBaTWIIO 4naHak 3a objaBrbMBake, kKao M OaTyMu kaja cy y MehyBpemeHy
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[AOCTaBIbeHe eBeHTyarnHe ucnpaske pykonuca HaBofe ce XPOHOMOLLKUM pefocneaoMm, Ha
cTarHoM MecTy, Mo NpaBuIy Ha Kpajy YnaHka.

3axBanHuua

Hasue n 6poj npojekTta, 04HOCHO Ha3MB Nporpama y OKBMPY KOjer je YnaHak HacTao,
Kao U Ha3WB WHCTMTyUMWje Koja je dmHaHcupana npojekat unu nporpam, HaBOAu ce y
noce6HOj HAaNOMEHW Ha CTanHOM MeCTY, Mo NpaBuny Npu gHY NpBe CTpaHe YnaHka.

MpeTxoaHe Bep3uje paga

AKO je unaHak y MpeTxofHoj Bep3uju GMo U3NOXEH Ha CKyny y BuAy YCMEHOT
caonwTewa (No4 MCTUM MMM CAMYHUMM HacroBoOM), nopatak o Tome Tpeba pga Gyae
HaBedeH y nocebHoj HanmomeHun, NO NpaBuny Npu OHy NpBe cTpaHe YnaHka. Pag koju je
Beh objaBrbeH y HEKOM 4aconucy He Moxe ce 06jaBuTu y BOjHOTEXHMYKOM TMACHUKY
(MpewTamnatu), HA NOA CIMYHUM HaCITOBOM U U3MEHEHOM OBIUKY.

TaGenapHu u rpachuykm npukKasm

MoxersHo je Aa Hacnoswu CBUX Npukasa, a no MoryhcTBy M TeKCTyanHW cagpxaj,
6yay AaTv ABOje3NYHO, Ha je3nKy pafa U Ha EHITEeCKOM je3unKy.

Tabene ce nuLy Ha NUCTU HAYMH Kao M TEKCT, a O3Ha4yaBajy ce pedHum GpojeBuma
ca ropmwe cTpaHe. PoTtorpaduje n LpTexmn Tpeba ga byay jacHu, npernegHy 1 NOrogHM 3a
penpoaykuujy. Llptexxe Tpeba pagutu y nporpamy word unu corel. ®otorpadmje u
upTexe Tpeba NOCTaBUTU Ha KErbEHO MECTO Y TEKCTY.

3a cnvke n rpadunkoHe He CMe Ce KOpPUCTUTM CHUMaK ca eKkpaHa padyHapa
nporpamMa 3a npuKynrbare nogaraka. ¥ camom TeKCTY YnaHKka npenopydyje ce ynotpeba
cnuka u rpadmkoHa HenocpeaHoO U3 nporpama 3a aHanuay nogaTaka (kao wTo cy Excel,
Matlab, Origin, SigmaPlot n gpyru).

HaBoRhewe (untnpame) y Tekcty

HaunH nosvBaka Ha M3BOpe Y OKBUPY YraHka mopa 6utun jegHoobpasaH.

BojHOoTexHMYKM rnacHuK 3a pedepeHumpare (LMTupame u HaBohewe nutepartype)
npumeryje XapBapAcku cuctem pedepeHumn, 0AHOCHO XapBapACKM MPUPYYHUK 3a CTUM
(Harvard Referencing System, Harvard Style Manual). ¥ camom TekcTy, y 0OMYHUM
3arpagama, Ha MecTy Ha KOjeM Ce BpLUM MOo3uBame, OOQHOCHO UMTMpame nutepartype
HabpojaHe Ha kpajy YnaHka, o6aBe3Ho y 0bMYHOj 3arpagu HanucaTy Npesvme LmMTupaHor
ayTopa, roguHy nsgama nybnukaumje M3 koje uuTuparte u, eBeHTyanHo, 6poj cTpaHuua.
Hnp. (Petrovi¢, 2012, pp.10-12).

[leTarbHO ynyTCTBO O HauMHy LMTMpara, ca NpMMepuma, AaTo je Ha CTpaHuum
cajta Ynymcmeo 3a Xapeapdcku npupyd4HUK 3a cmus. MNoTpebHo je aa ce nosmBake Ha
nuTepaTypy y TEKCTY ypaau y ckrnagy ca MOMEeHYTUM ynyTCTBOM.

Cuctem ACUCTEHT y cBpxy KoHTpone HaBohewa (uuTupara) y TeKCTY KOpUCTU
cneuunjanHy anatky CiteMatcher: oTkpuBarwe U30CTaBIbEHMX UMTaTa y TEKCTy paja u 'y
nonucy pedepeHuum.

HanomeHe (¢pycHoTe)

HanomeHe ce gajy npu AHy cTpaHe Ha Kojoj Ce Hanasu TeKCT Ha Koju ce oAHOcCe.
Mory cagpxatn Mamwe BaxHe AeTarbe, JOMNyHCKa objalkbera, HasHake 0 kopuwheHum
n3BopmMa (Ha npumep, Hay4Hoj rpafu, NpupyyYHMUMMa), ann He Mory GuTtu 3ameHa 3a
LUMTUpaHy nuteparypy.
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INucra pedepeHuun (nutepartypa)

LintupaHa nutepatypa obyxeaTta, no npasuny, Gubnuorpadcke m3sope (4naHke,
MoOHorpadmje 1 cn.) U Aaje ce UCKIbYYMBO Yy 3aceOHOM oferbKy unaHka, y Buay nmcre
pedepeHun. PedepeHue ce He npeBofe Ha je3vk paga v Habpajajy ce y nocebGHom
OferbKy Ha Kpajy ynaHka.

BOjHOTEXHMYKM MACHUK, KAaO Ha4MH UcCnuca nuTepaType, NpuMekbyje XapBapacku
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 pedepeHuu, ca npumepvma, OaTto je Ha
CcTpaHuuu cajta Ynymcmeo 3a XapeapOcku npupyyHuUk 3a cmus. MNoTpebHo je pa ce
nonuc nuTepaType Ha Kpajy YnaHka ypaaum y cknagy ca noMeHyTUM yrnyTCTBOM.

HecTtangapgHo, HENoTNyHO MW HedoCnNe4HO HaBohewe nuTepaTtype y cuctemmma
BpegHoBawa 4aconuca cmatpa ce [OOBOJbHMM pasfioroMm 3a ocnopaBawe HaydHor
CTaTtycCa 4Yaconuca.

Cnctem ACUCTEHT y cBpxy KOHTpOmne npaBWiHOr mcrnuca nucte pedepeHun
KopucTu crneumjanHy anatky RefFormatter: koHTpona obnnkoBama pedeperum y cknagy
ca XapBapACKUM NPUPYYHMKOM 3a CTUI.

MponpatHo nucmo (camo 3a aytope m3 Penybnuke Cpbuje m no noceGHom
3axTeBY ypeaHuka)

Mopepn ynaHka gocTaBrba ce NponpaTHO NUCMO Y Kojem Tpeba ncrahum o Kojoj BpCcTh
uynaHka ce paau, Koju cy rpaduykm npunosu (potorpadmje n LpPTEXN) OpUrMHANHK, a
KOj\ No3ajMIbeHMN.

Y nponpaTHOM NMCMY HaBOAE Ce U Nofauu aytopa: MMe, CPeAHE CIOBO, NpesvMe,
4YuH, 3Bake, e-mawn, agpeca nocnogasua (BI1), kyhHa agpeca, TenedoH Ha pagHOM
mMecTy 1 kyhHu (MobunHu) TenedoH, pavyH n HasuB GaHke, CO mecTa cTaHoBawa, 6poj
nu4yHe kapte u JMbB rpahaHa.

CBU pagoBu Noanexy CTPy4HOj peLieH3nju.

Cnucak peueHseHaTa BOJHOTEXHWYKOr rrmacHWka Moxe ce BWAOETW Ha CTpaHuum
caita Cnucak peueHseHama. [lpouec peueH3upaka objallkbeH je Ha CcTpaHuum
cajta PeueH3aeHmcKu riocmynak.

Appeca pepakuuje:

BojHOTEXHUYKM rnacHmK

Berbka Jlykuha Kypjaka 33

11042 Beorpag

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
"MaBHW 1 0ArOBOPHU YPEeAHMK
mMp Hebojwa Mahelwua, Annn. UHX.
nebojsa.gacesa@mod.gov.rs,

https://orcid.org/0000-0003-3217-6513,
Ten: BojHn 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 TexHukW. B xypHane nybnukyloTca n npovme TeopeTudeckue u npaktnyeckune
OOCTWXKEHUS, KOTOpble CMOCOOCTBYHOT MOBBILEHWUIO KBanuduKauum npeacraButenei
cepbCKoro, pernoHanbHOro Y MeXayHapoAHOro akageMm4eckoro coobulectsa, 0cobeHHO
BoeHHocnyxawmx MuHuctepctesa O60poHbl U BOOpyKEHHBIX cun.

PepakumoHHasa nonutuka XypHana «BOeHHO-TEXHMYECKMI BECTHWK» OCHOBaHa Ha
pekomeHpauusax Komuteta no atuke HayyHbix nybnukauunm (COPE Core Practices), a
Takke Ha nydwen npakTuke B Hay4yHO-U3gaTenbCKOM AeATenbHocTU. «BoeHHo-
TEeXHMYEecKUn BeCTHUK» saBnsaeTcs yneHom 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).

CrtaTbsl JOMmKHa coaepxaTb PE3IOME C KIOYEBBLIMU CIOBaMM1, BBEAEHUE, OCHOBHYIO
YacTb, BbIBOAbI, CMIMCOK UCMOMb30BaHHOW NUTEpPaTypbl U PE3IOME C KIMYEBLIMU CITIOBaMM
Ha aHrnuMinckom a3bike (6e3 Hymepaumm 3aronoBkKoB M noasaronoBkoB). O6BHLEM cTaTbh He
OOIKEH MpeBbilaTb OOAUH aBTopckui nuct (16 ctpanuy ¢opmata 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 JOMmKeH oTpaxaTb TeMy cTatbu. B uWHTepecax xypHana u aBTopa
HeobxoaMMO MCnosb30BaTh CroOBa WM CIOBOCOYETaHUs!, yAOOHble AN vHAeKcauun u
novcka. Ecnu Takne cnoBa He coaepxaTtcsi B 3aronoBke, TO XenaTemnbHO Ux JobaBuTb B
noAs3arorioBoK. 3arofoBOK [OSMKeH ObiTb nepeBeféH Ha aHrmuiAckun si3blk. HassaHue
3aronoBka (NoA3aronioBka) NULLETCHA Nepes pe3toMe Ha COOTBETCTBYHOLLIEM SI3bIKE.

Tekywuin 3aronoBoK

TekywuiA 3arofiloBoK NULIETCS B TUTYNE KaXZOW CTpaHuubl cTaTbM C LENbio
YNpOLLEHMs npouecca MaeHTUgmKaLmmn, B NepBy0 odepedb KONuii CTaTben B SMeKTPOHHOM
Buae. 3aronoBok coaepXuT B cebe hamunuio 1 uHMunan uMeHn aetopa (B criydae ecnm
aBTOPOB HECKOJBbKO, OCTarnbHble 0603HavatTcs ¢ «et al.» unm «u ap.»), HasBaHue paboThbl
N XypHana (rod, TOM, BbIMyCK, HadarnbHas W 3akfiouvTenbHas CTpaHuua). 3aronoBoK
CTaTby 1 Ha3BaHWe XypHana MoryT ObiTb NPMBEAEHBI B COKPALLEHHOM BUAE.

®PUO aBTOpa

MpvBOAATCS NosHas hamunus 1 NonHoe umMs (Bcex) aBTopoB. XKenaTtesbHo, YToObI
OblNM yKasaHbl MHMUMAnNbl OTYECTB aBTOPOB. PaMunusi U UMs aBTopoB U3 PecnyGrvku
Cepbuss Bcerga nUWYTCA B OpUrMHanNbHOM Buae (C cepbCKMMU  AUaKpUTUYECKUMMU
3HaKaMK), He3aBMCKUMO OT si3blka, Ha KOTOPOM HanucaHa paGoTa.

HaumeHoBaHue yupexpeHus aBTopa (acdpcunuaums)

MpuBoanTCcA MonHoe (odMuManbHOE) HaMMEHOBaHWe U MEeCTOHAaXOXAeHue
yypexaeHusi, B KoTopoM paboTaeT aBTop, a Takke HauMeHOBaHWe yYpexaeHnsl, B KOTOPOM
aBTOp NPOBEN nccrnegoBaHne. B criyyae opraHnsaumin Co CIOXHOWM CTPYKTYPON NPUBOAUTCS
MX uMepapxuyeckasl COMOAYMHEHHOCTb (Hanp. BoeHHas akagemus, kadedpa BOEHHbIX
3MNEKTPOHHbLIX cuctem, r. Benrpag). Mo kpanHen Mepe, ogHa M3 opraHM3aumnin B nepapxmm
[OIMKHa MMETb CTaTyC lopuanYeckoro nuua. B cnyyae ecnm ykasaHo HECKOMbKO aBTOPOB, U
€Cn  HeKoTopble K3 HUX paboTalT B OOHOM  YYPEXOEHWW, HYXHO OTAernbHbIMU
0603Ha4YeHNAMN UNM KakM-nmbo Apyrum cnocobom ykasaTb B KakOM W3 MPUBEAEHHbLIX
yypexaeHnin paboTtaeT Kaxabli M3 aBTOPOB. Adhdunmauus nueTCcs HenocpencTBEHHO
nocne PO aBTopa. [JOMKHOCTb 1 CNELManbHOCTb NO AUMIIOMY He YKasbiBaOTCS.

KoHTakTHbIe AaHHblIe

OneKTPOHHbLIN agpec aBTopa YKasblBAOTCA PSAOM C €ro MMEHeM Ha MepBou
CTpaHu1Ubl CTaTbMy.
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Kareropus (Tun) ctratbu

KaTeropusaums crtaTbeint siBnsieTcs 00s13aHHOCTbIO pedakuum M umeeT ocoboe
3HayeHue. Kateroputo ctatby MOryT npeanaratb pPeLEH3eHTbl U YneHbl pefakuum, T.e.
pefnakTopbl pybpuK, HO OTBETCTBEHHOCTb 3a KaTeropvsauuio HeCeT WCKIIYUTENBHO
rnaBHbIN pegaktop. CTtaTby B XXypHane pacnpenenstorcs no crnegyrowmm KaTeropusam:

Hay4yHble cTatbu:

— OpurMHanbHas HayvHasi cTtatbs (paboTa, B KOTOPOM MNPUBOAATCS paHee
HeonybnuMKoBaHHbIE pe3ynbTaTbl COOCTBEHHbIX WCCNEAOBAHWIA, MOMYyYEHHbIX Hay4YHbIM
METOZIOM);

— o630opHas cTaTbs (paboTa, cogepxallas OpWUrMHanbHbIA, OeTanbHbIA U
KpuTuyeckun ob3op uccnegyemon npobrembl unu obnactn, B KOTOPbIN aBTOp BHEC
onpeaenéxHblv BKNaa, BUAUMbIA Ha OCHOBE aBToUMTAT);

— KpaTkoe cooblleHue (opurvHanbHasi HayyHasi paboTta MosiHoro cpopmara, Ho
MeHbLLIero o6bEma unm nmetoLLasi npeaBapuTenbHbI XapakTep);

— Hay4yHasi KpuTuyeckasi cTaTbsl (OUCKYCCUSI-NONeMMKa Ha OMpeLEenEHHYI0 HayyHYH
TEMY, OCHOBaHHas! UCKIMHOYUTENBHO HA HAay4YHOW apryMeHTaLum) U Hay4YHbIi KOMMEHTapPWNA.

OpHako, B HEKOTOpbIX 06nacTsAx 3HaHW Hay4Hasi paboTa B XypHane MOXeT UMeTb
dopMy MOHOrpadnyeckoro uccrneaoBaHus, a Takke KpUTU4eckoro o6CyxaeHns Hay4Horo
maTtepuana (MICTOPUKO-apXMBHOIO, Nekcukorpadgmyeckoro, 6Gubnvorpaduyeckoro, o63opa
OaHHbIX M T.M.) — 40 CUX MOP HEM3BECTHOMO UMM HEAOCTATOYHO OOCTYMHOrO ANs HayYHbIX
uccrnegoBaHuin. PaboTbl, knaccugumumpoBaHHble B Ka4eCcTBE Hay4HbIX, JOJKHbI UMET,
Nno MeHbLLEeR Mepe, ABE NONMOXUTENbHbIE PELEH3UN.

B cnyyae ecnu B XypHane o0bABMAKTCA U NPUNOXKEHUS, HE MMEIOLLNE Hay4HbIN
XapakTep, Hay4YHble CTaTbl AOMKHbI ObiTb CrpynnMpoOBaHbl U YETKO BblAENEHbl B NEPBON
yacTun Homepa.

[NpodheccroHanbHble cTaTbi:

— npodpeccuoHanbHas paboTta (NPUNOXEHWs, B KOTOPbIX MpeanaralTcs onbiThl,
nonesHble AN COBEPLUEHCTBOBAHUSI MPOCECCUOHANBHOM MPAKTUKX, HO KOTOpble He
OOIMKHbI B 06s13aTenbHOM nopsiike 6biTb 060CHOBaHbI HA HAYYHOM MEeToAE);

— UHGOpPMaTUBHOE NpUNoXxeHue (NnepeaoBas CTaTbs, KOMMEHTapPUA 1 T.M.);
— 0630p (KHWIM, KOMMBIOTEPHOW NPOrpamMbl, Cry4asi, Hay4HOro cobbITUS U T.1.).

A3blk paboThbI

PaboTa MmoxeT GbITb HanucaHa Ha cepbCKOM, PYCCKOM UIN aHTIMNCKOM A3bIKE.

TekcT AOJDKeH OblTb B NIMHIBUCTUYECKOM U CTUITUCTUYECKOM CMbICIE ynopsaao4eH,
cucTemaTtusmpoBaH, 6e3 cokpalleHuii (3a UCKINYeHneM ctaHaapTHbIX). Bee dusnyeckne
BENNYMHbI AOMKHBLI COOTBETCTBOBATL MexayHapogHOW cucteme efquHuL, M3MepeHns —
CW. OuepepHocTb hopmyn o6o3HavaeTcs NOPAAKOBLIMU HOMEPamu, NPOCTaBAEMbIMU C
npaBol CTOPOHbI B KPYrfbIX CKOOKaXx.

Pe3trome

Pestome sBnseTca KpaTkMMm WHGOPMATMBHBIM 0030pOM coaepXaHusi CTaTbM,
obecneymBaWUM YuTaTento ObICTPOTY M TOYHOCTb OLEHKM €€ peneBaHTHocTU. B
MHTEpecax pedakuMuM W aBTOpOB, 4YTOObLI pe3tomMe coaepkano TEepMUHbI, 4acTo
ucnonb3yemble AN UHAEKCUPOBaHUS 1 noucka ctaTbel. COCTaBHbIMU YacTAMK pe3iome
SIBNAOTCA BBeAeHue/Uenb uccrnefoBaHusl, MeToabl, pesynbTaTel U BbiBoAbl. B pesiome
JomkHo ObiTb oT 100 go 250 cnoB, U OHO [JOMKHO HaxoAWUTCS Mexay TuTynammu
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(saronosok, PO aBTOPOB N Ap.) W KMNOYEBBIMM CrOBamMK, 3a KOTOPbIMU cregyeT TeKCT
craTbu.

KnioueBble cnoBa

KnioueBbiMM  crioBamu  SIBAAIOTCS  TEPMWUHbI  UnKM  bpasbl,  agekBaTHO
npeacTaensAlLMe coaepxaHue ctaTtby, Heobxoammble ANS MHAEKCUPOBaHWSA U Nouvcka.
KnioueBble cnoBa HeoGxoauMMO BbIOMpaTb, onMpasice MNpuM 3TOM Ha Kakou-nmnbo
MeXOYHapOAHbIN WCTOYHWK (pernctp, crioBapb, Tesaypyc), Hauboree uCnonb3yembii
BHYTPM AaHHOW Hay4yHOW obnactu. Ymcno Kknio4veBbiX CNOB He MoxeT npesbiwatb 10. B
MHTEepecax pefakuMn 1 aBTOpOB, YTOObI YacToTa MX BCTPEYM B cTaTbe Oblna Kak MOXHO
6onbluen. KnioyeBble croBa falTcs Ha A3blke, HA KOTOPOM HanucaHa ctaTbsl (pestome),
1 Ha aHIMUINCKOM si3bike. B cTaTbe OHWM NULLYTCSA HEMOCPELACTBEHHO NOCHE pe3ioMe.

Mporpamma ASSISTANT npepoctaBnseT BO3MOXHOCTb WCMONb30BaHUSA cepBuca
KWASS, aBTomaTtnyeckn rKCUPYIOLLLErO KIHoYeBble CoBa U3 MCTOYHMKOB/CrioBapew no
BbIOOpPY aBTOpa/penakropa.

[aTta nony4yeHus ctaTbu

[aTa, Korga pefdakuusi nonyyuna craTtblo; AaTta, Korga pefdakuusi OKOHYaTemnbHO
npuHana crtatblo K nybnukaumu; a Takke pata, korga Obinv  NpegocTaBneHbl
HeobxoanMble MCNpPaBIEHUsI PYKOMUCK, MPUBOASATCS B XPOHONOrMYECKOM Mopsiake, Kak
npaBuso, B KOHLE CTaTbM.

BeipaxeHue 6narogapHocTu

HaumeHoBaHWe M HOMep NpoekTa, T.e. HasBaHWe MporpaMmbl Grarogapsi KOTOpou
cTaTbsi BO3HWKIA, COBMECTHO C HaMMEHOBAHUEM YYpexaeHusl, koTopoe dMHaHCUMpoBano
NPOEKT 1N NPOrpammy, NPUBOAATCS! B OTAENBHOM NPUMEYaHUK, kak NpaBunio, BHU3Y NepBoi
CTpaHu1Lbl CTaTby.

Mpeabiaywme Bepcumn paboTnbl

B cnyyae ecnu cratbs B npedblayllenn Bepcuu Obina usnoxeHa YcTHO (mog
OOVHAKOBbIM MWIMM  MOXOXUM Ha3BaHMEM, Hanpumep, B BuAe [JoKnaga Ha HayvyHoun
KOHpepeHumun), cBedeHns 06 3TOM AOSMKHbI ObiTb yKasaHbl B OTAEMNbHOM MPUMEYaHUK, Kak
NpaBuo, BHN3Y MEPBOV CTpaHuLpbl cTaTbu. PaboTa, KoTopasi yke Obina onybnukoBaHa B
KaKoM-TMBO M3 XXypHAnoB, HE MOXET ObITb HanevyaTaHa B « BOEHHO-TEXHUYECKOM BECTHUKE»
HW Mo, MOXOXMM Ha3BaHWEM, HN B UIBMEHEHHOM BUJE.

Hymepauus v HasBaHue Ta6nuuy u rpadMKoB

XenatenbHo, 4To6bI HyMepaums 1 HasBaHWe Tabnuu 1 rpadrKoB BbINM UCTONHEHb! Ha
ABYX A3blkax (Ha A3blke OPUrMHana u Ha aHrmuIAckom). Tabnuubl MOAMUCHIBAKOTCS TAKUM Xe
cnocobom Kak M TeKCT M 00603HayaloTCs MOPSAKOBBIM HOMEPOM C BEPXHEN CTOPOHbI.
doTorpahum N pUCYHKN AOSKHbI ObITb MOHATHBI, HAMSAAHBI M YOOOHBI ANS penpogyKumm.
PucyHkn Heobxoammo genatb B nporpammax Word mnu Corel. dotorpacum n pucyHkM Hago
NnocTaBUTb Ha Xenaemoe MecTo B TekcTe. [Ansi cos3paHvst usobpaxeHud u rpadpukos
Mcrnonb3oBaHne yHKLMN CHMMKA C 3KpaHa (CKpUHLLIOTa) He AdornyckaeTcs. B camom TekcTe
CcTaTb pPEKOMEeHOYeTCH NPUMEHEHMe WU300paKeHWn K rpadmkoB, 06paboTaHHbLIX Takumm
KOMMbIOTEPHBIMKU Nporpammamu, kak: Excel, Matlab, Origin, SigmaPlot n gp.

CcbInku (UMTUpPOBaHME) B TEKCTE

OdopMneHne CCbINOK Ha MCTOYHUKM B paMKax CTaTbM LOSMKHO ObiTb 0AHOOOPA3HbIM.
«BOEHHO-TEXHMYECKUIA  BECTHWUK» Ans  O(OPMIIEHUs]  CCbIIOK, UMTaT U crucka
MCMNONMb30BaHHOW nuTepaTypbl NpumeHsieT apBapackyto cuctemy (Harvard Referencing
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System, Harvard Style Manual). B TekcTe B ckobkax npuBoauTcs bamunns UUTMpyemoro
aBTopa (unun hamunns NepBOro aBTopa, €CNM aBTOPOB HECKONbKO), FoA4 M3gaHus U no
HeobxoaumocTn HoMep cTpaHuubl. Hanpumep: (Petrovi¢, 2010, pp.10-20). PekomeHaauum
0 cnocobe UMTUPOBaHWS pa3MeLLieHbl Ha CTpaHuLle canta MHeCmpyKyusi o UCHOb308aHUI0
lapsapdckozo cmurns. Tpn OGOPMMEHWN CCbINOK, UMTaT M CAUcKa WUCNONb30BaHHOW
nuTepaTtypbl HeobxoAMMO  NpUAEPXWMBaTbCA  YCTAHOBMEHHbIX HopM. [lporpamma
ASSISTANT npepocTtaenset npu LUTUPOBaHWM BO3MOXHOCTb WCMOMb30OBaHUS cepsuca
CiteMatcher, dukcupytoLLero nponyLeHHble uuTaThl B paboTe 1 B Crmcke nutepaTypsl.

MpumeyaHna (CHOCKwM)

MpumeyaHus (CHOCKM) K TEKCTY YKa3blBalOTCH BHW3Y CTPaHWUbI, K KOTOPOW OHU
oTHocsiTcs. [pumevaHusi MoryT cofepkaTb MeHee BaxHble JeTanu, AOMONHUTENbHbIE
06bsICHEHUS, yKa3aHusi 06 UCMONb30BaHHbLIX UCTOYHMKAX (Hanp. Hay4yHOM MaTtepuarne,
CnpaBOYHMKax), HO He MOryT GbiTb 3aMEHOIN NPOLEeAYpPb! LUTUPOBAHNUSA NMTEPATYpPbI.

INurtepatypa (pecdepeHumnn)

LinTnpoBaHHoW nuTepaTtypomn oxBaTbIBalOTCS, Kak npaswuo, Takue
6ubnuorpacuyeckne UCTOYHMKM Kak cTaTbW, MoHorpadwvm u T.n. Bca mcnonb3yemas
nuTepaTypa B BUuae pedepeHumin pameLlaeTca B OTAENbHOM pasfene crtaTbi.

Ha3sBaHusa nutepaTypHbIX UICTOYHMKOB HE NepeBoasTCA Ha s3blk paboThl.

«BOEHHO-TEXHMYECKNI BECTHUK» Ans  OOPMIEHNss Ccrnmcka WCMnofib30BaHHOM
nutepaTypbl npumeHsieT [apBapackyto cuctemy (Harvard Style Manual). B cnucke
nMTepaTypbl UCTOYHMKM YKa3blBalOTCA B andaBMTHOM nopsake damunuii aBTopoB WInn
pepakTopoB. PekomeHgaumm o criocobe LMTMPOBaHMS pas3MelleHbl Ha CTpaHuue canta
WHempykyua no  ucrionb3ogaHuro [apeapdckozo cmund. [pn  odopmreHun cnucka
MCMOb30BaHHOM NMUTEPaTYpPbl HEOBXOAUMO NPUAEPKMBATLCS YCTAaHOBMEHHBIX HOPM.

Mpn odopmnennn cnucka nutepatypbl nporpamma ASSISTANT npepoctasnset
BO3MOXHOCTb Ucronb3oBaHua cepBuca RefFormatter, ocywectensiowero KoHTponb
ochopmMneHns cnmcka nuTepartypbl B COOTBETCTBUM CO CTaHAapTamu [[apBapAcKoro CTuns.

HectaHpgapTHoe, HemonHoe W HemocrnefoBaTeribHOe MpuWBEAeHWe nuTepaTtypbl B
cucTeMax OLEHKM XypHana CcyMTaeTcs AOCTaTOYMHOW MNPUYMHOW AN OcnapuBaHUs
Hay4Horo craTtyca XypHana.

Bce pykonucu ctateit noanexart npod)ecCMoHanbHOMY peLeH3UPOBaHUIo.

CnncoKk peLeH3eHTOB JXypHana «BOEHHO-TEXHWYECKUI BECTHUMK» pa3MeLléH Ha
cTpaHuue cainTa Crucok peyeHaeHmos. MNpouecc peLeH3npoBaHUs onucaH B pasgene

Mpasuna peyeH3uposaHus.

MoyToBbLIV agpec peaakunmn:

«BojHOTEXHMYKM rNacHUK»

yn. Benbka Jlykuya Kypsika 33

11042 Benrpag, Pecnybnuka Cepbus

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
[MaBHbIA M OTBETCTBEHHbIN peaakTop
Kangnpat TexHuyeckux Hayk Heboliwa Navela
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. Also, the journal publishes other theoretical and practical achievements
leading to professional development of all members of Serbian, regional and international
academic communities as well as members of the military and ministries of defence 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).
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More detailed information can be found on the website of the Ministry of Education,
Science and Technological Development of the Republic of Serbia.

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

The periodical is categorized in compliance with the Regulations on the procedure
and method of evaluation and quantitative formulation of scientific and research results of
researchers, stipulated by the National Council for Scientific and Technological
Development (Official Gazette of RS, No 38/2008). More detailed information can be
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
Hay4Horo umTtupoBaHus (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 and references (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.
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Title

The title should be informative. It is in both Journal’'s and author’s best interest to
use terms suitable for indexing and word search. If there are no such terms in the title, the
author is strongly advised to add a subtitle. The title should be given in English as well.

The titles precede the abstract and the summary in an appropriate language.

Letterhead title

The letterhead title is given at a top of each page for easier identification of article
copies in an electronic form in particular. It contains the author’s surname and first name
initial (for multiple authors add “et al”), article title, journal title and collation (year, volume,
issue, first and last page). The journal and article titles can be given in a shortened form.

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.
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If the journal contains non-scientific contributions as well, the section with scientific
papers should be clearly denoted in the first part of the Journal.

Professional articles:

— Professional papers (contributions offering experience useful for improvement of
professional practice but not necessarily based on scientific methods);

— Informative contributions (editorial, commentary, etc.);
— Reviews (of a book, software, case study, scientific event, etc.)

Language
The article can be in Serbian, Russian or English.

The grammar and style of the article should be of good quality. The systematized
text should be without abbreviations (except standard ones). All measurements must be
in Sl units. The sequence of formulae is denoted in Arabic numerals in parentheses on
the right-hand side.

Abstract and summary

An abstract is a concise informative presentation of the article content for fast and
accurate evaluation of its relevance. It contains the terms often used for indexing and
article search. A 100- to 250-word abstract has the following parts: introduction/purpose
of the research, methods, results and conclusion.

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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