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Abstract:

Introduction/purpose: Vertex-degree-based (VDB) graph matrices form a
special class of matrices, corresponding to the currently much investigated
vertex-degree-based (VDB) graph invariants. Some spectral properties of
these matrices are investigated.

Results: Generally valid sharp lower and upper bounds are established for
the spectral radius of any VDB matrix. The equality cases are
characterized. Several earlier published results are shown to be special
cases of the presently reported bounds.

Conclusion: The results of the paper contribute to the general spectral
theory of VDB matrices, as well as to the general theory of VDB graph
invariants.

Keywords: Vertex-degree-based matrix, VDB matrix, vertex-degree-
based graph invariant, VDB graph invariant, spectral radius (of matrix).

Introduction

This paper concerns simple connected graphs. Let G be such a
graph. Its vertex and edges sets are V(G) and E(G), respectively,
whereas its order (number of vertices) and size (number of edges) are
IV(G)|=n and |E(G)|=m, respectively. By uv e E(G) , we denote
the edge of G connecting the vertices u and v.

Gutman, I., On the spectral radius of VDB graph matrices, pp.1-8
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The degree (= number of first neighbors) of a vertex U €V (G) is
denoted by d,.If d, =T forall u€V (G), then G is said to be a regular
graph of the degree r. If d,=n—1 for all ueV(G), then G is the

complete graph (of the order n), denoted by K .

For other graph-theoretical notions, the readers are referred to
standard textbooks (Harary, 1969; Bondy & Murthi, 1976).

In the present-day mathematical and chemical literature, a large
number, well over hundred, of degree-based graph invariants of the form

TI(f;G)= > f(d,.d,) (1)

uveE(G)
are being studied, where f(X,Y) is an appropriately chosen function
with the property f(X,y)=f(y,x) and f(X,y)=0 for all
X,y=d,,d,.

In chemistry, molecular physics, pharmacology, and elsewhere,
these graph invariants found a great variety of applications, and are
usually referred to as ,topological indices® or ,molecular structure-
descriptors® (Gutman, 2013; Todeschini & Consonni, 2009; Kulli, 2020).
Instead of ,vertex-degree-based” the abbreviation VDB is often used
(Rada, 2014; Li et al, 2021; Monsalve & Rada, 2022).

Let the vertices of the graph G be labelled as V,,V,,...,V, . Then, to
each VDB graph invariant TI(f;G), a symmetric square matrix
M (f;G) of the order n can be associated, whose (i, J) -element is

equal to f(d,.d,) if the vertices V; and Vjare adjacent, ie. if
Vv;€E(G), and is equal to zero otherwise. In particular,

TI(f;G), =0 foralli=12,...,n.
As it is well known in linear algebra (Brualdi & Cvetkovi¢, 2008), the
eigenvalues of M (f;G) are real-valued numbers, forming the spectrum

of the matrix M (f;G). Further on, they will be denoted by 4, 4,,..., 4,
so that 4, >4, >--->2 4 . Then 4 24|, 1=23,...,n, and therefore

A, is called the spectral radius of the corresponding VDB graph matrix
(Stevanovic¢, 2015).
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In order to prove our main result, Theorem 1, we need an auxiliary
lemma.

Lemma 1. Let A4, =4, 2>---= A be the eigenvalues of the VDB
matrix M (f;G). Then,

> 4=0 @
i=1

and
YA =2TI(f%G). (3)

i=1

Proof. By definition of the matrix M (f;G), its diagonal elements
are always equal to zero. From this, Eq. (2) follows straightforwardly.

In order to arrive at Eqg. (3), note that the sum of k-th powers of the
eigenvalues is equal to the trace (sum of diagonal elements) of the k-th
power of the respective matrix. Thus,

42 =TrM(1;6)2 = Y (M(f;G)?)

" i
=1

anznl'\/'(f;G)i,-l\/l(f;G),-i :ZHZZH:(M(f;G)".)Z

i=1 j=1 i=1 j=1
=2 > (f(d,.d,)) =2TI(f;G)
uveE(G)

where we used the above specified definition of the elements of the VDB
matrix M (f;G).

Note that the above lemma is a direct generalization of Lemma 1 in
(Gutman, 2021), stated for a special case of the function f in Eq. (1),

namely for f =/X*+Yy°.

We are now prepared to state our main result

D
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Theorem 1. Let G be a connected graph of the order n, and let 4, be the
spectral radius of its VDB matrix M (f;G). Then A, is bounded as:

wgﬂlg\/@ﬂ(f%e). @

The equality on the left-hand side holds if and only if G is regular. The
equality on the right-hand side holds if G = K .

Proof of Theorem 1

Lower bound. We proceed in an analogous manner as in the proof
of Lemma 2 in (Gutman, 2021). Thus, in view of the Rayleigh-Ritz

variational principle, for an n-dimensional column-vector QQ = (1,1,...,1)T ,

Q'M f:G)Q
ggTQ) <A (5)

with equality if and only if Q=(11...,1)"is an eigenvector of

M (f;G), corresponding to the eiigenvalue A,. As it is well known
(Brualdi & Cvetkovi¢, 2008; Cvetkovi¢ et al, 2010), this happens if and

only if the graph G is regular.
The lower bound for the spectral radius follows directly from Eq. (5).
Upper bound. Eg. (2) can be rewritten as

J= —gz, e, AZ= (Z;zjz

Using the Cauchy-Schwarz inequality, we get

n 2 n n n
[Zﬁ. le <Y A== A’ (6)
i=2 i=2 i=2 i=2
implying

Azﬁ(n—l){iﬂf.z_ﬂf} and qug(n—l)znlﬂﬂz

<D



i.e.,
n-13
< 223
L R——
The upper bound for the spectral radius is followed by Eq. (3).
The equality in (6) happens if and only if A, =A; =---=A4_, which is

the case only for the complete graph K . Recall that the complete graph
is an (n-1)-regular graph, and therefore its VDB matrix is equal to
f(n-Ln-1)A(K,) where A(G) stands for the ordinary adjacency

matrix of the graph G. Since the ordinary eigenvalues of K are
n-1,-1,-1,...,—1(Cvetkovié et al, 2010), the VDB-eigenvalues of the
complete graph satisfy A, =4, =---=4 =—-f(h-1,n-1). The

complete graph is the only connected graph whose all eigenvalues,
except the spectral radius, are mutually equal.

As already mentioned, the special case of the lower bound in

Theorem 1 for f = 4/X2 + y2 was reported in (Gutman, 2021). The same

special case for the upper bound was recently communicated in (Lin et
al, 2023).
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O cnekTpanbHoM paauyce maTpuy rpados BB

UeaH N'yTmaH

KparyeBauxkuii yHMBEpCUTET, €CTECTBEHHO-MaTEMaTUYECKUA PaKynbTeT,
r. Kparyesau, Pecnybnuka Cepbus

PYBPUKA TPHTW: 27.29.19 KpaeBble 3agayun n 3agayn Ha cobCTBEHHbIE
3Ha4eHust AN 06bIKHOBEHHbIX
anddepeHumanbHbIX ypaBHEHUA U CUCTEM
YpaBHEHUN

BWO CTATbW: opurmHanbHasa Hay4yHas cTaTtbs

Pesome:

BeedeHue/uenb: Mampuubl 2pagha, OCHOBaHHble Ha B6EPUWUHHbIX
cmeneHsix  (BOB), obpasyrom  0cobmili  Knacc — Mampud,
coomeemcmeywux 8 Hacmosilee 8peMsi WUPOKO UCC/1e008aHHbIM
UHeapuaHmam 2gpagha, OCHO8aHHbIM Ha 8epPUWUHHbIX cmeneHsix (BAB).
B OJdaHHOU cmambe uccriedogaHbl HEKOMOopbIe CreKmpasbHble
ceolicmea nodobHbIX Mampuy,.

Pesynbmambi: [Nory4eHbl 0bWenpuHaImbie HWKHSAS U 8EPXHSIS epaHuubl

criekmparnbHoe0o paduyca mampuy, BLb. Takxe npedcmernieHbl criyqau, 8
KOmOopbIX rpuUMeHsitomcsi pageHcmea. B cmambe noka3aHo, 4mo paHee
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orny6bruKo8aHHbIe  pe3ynibmambl  S6MISIOMCS  YacmHbIMU - CrIyqasmu
npedesios, kKomopbkie menepb b6osiee NoOPOOHO OMUCaHAbI.

Bbi80o0dbi: Pe3ynbmamsi Hacmosiwel pabombsl 8HOCSIM 8Kiad 8 obulyro
criekmparnbHyto meoputo Mampuy BB, a makxe 8 obwyr meopuro
uHeapuaHmos egpaghos B/]b.

Knrouesbie crnosa: mampuua OCHOBaHHasi Ha CMerneHu 6epuluH,
mampuua B[]b, uHeapuaHm epagha, OCHOBaHHbIU Ha cmerneHu
8epWUH, UuUHeapuaHm epacgha BB, cnekmpanbHbili  paduyc
(Mampuupbl).

Cnektpannu pagujyc BOB rpacdosckmx matpuua
UeaH N'yTmaH

YHusepautet y Kparyjesuy, MNpupogHo-matematmydku dpakynrer,
KparyjeBau, Peny6nuka Cpbuja

OBJIACT: matemaTunka
KATETOPWUJA (TUIM) UNAHKA: opyruHanHm Hay4yHu pag

Caxemak:

Yeodlyurb: Ha cmeneHuma 4eopoea 3acHosaHe, B/b epagposcke
Mampuue obpasyjy knacy creyujanHux Mampuua koje odzoeapajy, 0aHac
4ecmo ucmpaxueaHuM, Ha cmerneHuMa 4yeopoea 3acHoeaHuMm, B/b
epachosckuM UHBapujaHmama. McnumueaHe Ccy HeKe criekmparnHe
ocobuHe o8ux Mampuua.

Pesynmamu: [obujeHe cy onwmesaxehe Oome U 20pH-€ 2paHuue 3a
criekmparnHu padujyc BB mampuuya. OkapakmepucaHu Cy U crydajesu
Kala saxe jeOHakocmu. 3a HEKOMUKO paHuje rybriukogaHuUx pesyrimama
je nokasaHo Oa cy crieyujarnHu criyyajesu cada y HagedeHUM epaHuuama.

Sakrbyyak: Pesynmamu usrnoxeHu y pady npedcmasrbajy O0rnpuHoc
onwmoj criekmpasiHoj meopuju BAb mampuya, kao u onwmoj meopuju
B/JIb epachosckux uHeapujaHmu.

KrbyuyHe peuu:. epaghoscke Mampuue 3acHosaHe Ha cmerneHuma
yeoposa, B/[Jb mampuuye, 2paghoscke uHeapujaHme 3acHoBaHe Ha
cmeneHuma 4eoposa, BB epaghoscke uHeapujaHme, criekmparsHu
padujyc (mampuuye).
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Abstract:

Introduction/purpose: The electroencephalography (EEG) signal has a
great impact on the development of prosthetic arm control technology. EEG
signals are used as the main tool in functional investigations of human
motion. The study of controlling prosthetic arms using brain signals is still in
its early stages. Brain wave-controlled prosthetic arms have attracted
researchers’ attention in the last few years.

Methods: Several studies have been carried out to systematically review
published articles as a means of offering researchers and experts a
comprehensive summary of the present, state-of-the-art EEG-based
control techniques used in the prosthetic arm and other technologies.

Results: 175 articles were studied, compared, and filtered to only include
the articles that have strong connections to the study.

Conclusion: This study has three goals. The first one is to gather,
summarize, and evaluate information from the studies published between
2011 and 2022. The second goal is to extensively report on the holistic,
experimental outcomes of this domain in relation to current research. It is
systematically performed to provide a wealthy image and grounded
evidence of the current state of research covering EEG-based control of
prosthetic arms to all experts and scientists. The third goal is to recognize
the gap in knowledge that demands further investigation and to recommend
directions for future research in this area.

Keywords: EEG, BCIl, comprehensive study, prosthetic arms,
controllers.

Introduction

The absence of the upper limb results in severe impairment in
everyday life, which can further influence both the social and mental state

Abdulrahman Satam, I., A comprehensive study of EEG-based control of artificial arms, pp.9-41
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(Abdulrahman Satam, 2021). For these reasons, developments in
cosmetic and body-driven prostheses date from some centuries ago, and
they have been evolving ever since. Research showed that the estimated
percentage of impaired people is rising up due to wars, conflicts, diseases,
accidents, and forgotten minefields from previous battles and wars.

A prosthesis is much more than a device; it also completes a wearer's
sense of wholeness. It gives emotional comfort. The history of prosthetics
is not just about the advancement of medical science, it is a history of
human beings who miss an essential part of themselves. The earliest
known prosthetic was not an eye, leg, or arm. It was a toe, first made by
Egyptians around 3000 years ago. Then development continued with the
Roman Empire to the end of the Middle Ages and finally to the civil war in
the United States of America.

A decade ago, prosthetic limbs were developed as a practical
complementary system for impaired people. Prosthetics, or artificial limbs,
are used to replace limbs that were lost or absent limbs from birth. They
enable those with congenital limb differences and amputees alike to
improve function and mobility. Due to advances in medical science,
prosthetics have improved and are capable of remarkable things (Osama
& Allauddin, 2022).

In addition to the development of the prosthetic arm (Figure 1) design,
scientists are focusing on improving the control of the techniques for the
purpose of accuracy, performance enhancement, and the comfort of the
prosthesis.

Figure 1 — Prosthetic arm
Puc. 1 - lNpomes pyku
Cnuka 1 — lpocmemuyka pyka

Ensuring the smoothness and effective control technigques of the
prosthetic limb is an important factor in the interface between the wearable
prosthesis and the human since the prosthetic limb is donned by a human.
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Therefore, those control strategies can be classified according to the
human-robot interaction method. The control of the prosthetic arm is
influenced by electrophysiological signals. These signals have been well-
known tools to examine the capacity and conduct of the human movement
in ongoing research.

Electroencephalography (EEG) has been one of frequently used
physiological signals in the control techniques of prosthetic limbs,
especially in the upper limbs. EEG is considered a non-invasive and
convenient method that may be appropriate for realistic application.
Recently, it was found that fewer endeavors have been made to efficiently
audit these reviews, as a way of offering analysts and specialists a
synopsis of the current, best-in-class EEG-based control systems utilized
for assistive innovation. Hence, this research has three primary objectives.

The primary aim is to deliberately assemble, abridge, assess, and
organize data with respect to accuracy and estimations of the past
research distributed in the publications between 2011 and 2018.

The second objective is to broadly report on all the trial results of this
domain’s present research. It is methodically performed to give a clear
picture and grounded proof of the momentum conditions of research
covering EEG-based control uses and benefits for controlling assistive
robotics to every specialist and researcher. The third objective is to
perceive the whole of information that requests in-depth examination and
to suggest ways for future research in this domain (Mandekar et al, 2022).
To achieve these objectives, the following research questions (RQs) have
been put forward:

(Q1) What are the types of EEG signals that are used to control the
prosthetic arm?

(Q2) How do these signals translate to control commands?

The solutions to these questions will guide the reader and enhance
their knowledge of the recent development of prosthetic arms based on
EEG signals. A more extensive image of various emergent topics/themes,
experiments, and concepts will be offered. This paper is structured into six
sections.

The following section provides a background of EEG signals and
prosthetic limbs. The third section describes the methodology through
which the review processes were conducted. The fourth section presents
the SLR results, followed by the fifth section which reports on the results
of the research questions as organized according to their sequences.
Finally, the sixth section presents a discussion of the review and its

conclusion.
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Table 1 — Symbols
Tabnuua 1 — Obo3HayeHus1

Tabena 1 — Cumbonu

Symbol Meaning

EEG Electroencephalography

ECoGs electrocorticograms

MEGs magnetoencephalograms

fMRI functional magnetic resonance imaging
fNIRS Functional near-infrared spectroscopy
BCI Brain-Computer Interface

SVM Support Vector Method

FFT Fast Fourier transform

CSP Common spatial Pattern

LDA Linear discriminant analysis

PSD Power Spectral Density

LSTM Long*short term Memory

BPNN Back Propagation Neural Network
BMI Brain Machine Interface

PET Positron Emission Tomography
BFN Brain Functional Network

ANN Artificial Neural Network

ERP Event-related Potential

WT Wavelet transform

MLP Multi-layer Perceptron

K-NN K-Nearest Neighbor

NB Naive Bayes

FES Functional Electrical Simulation
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Preliminaries and literature review

In the BCI system, EEG signals are most commonly used not only for
prosthetics but also for any controllable devices such as robotics arms,
Exoskeletons, Wheelchairs, drones, etc. Bridges et al. (Bridges et al,
2011) and his team provide an overview of human-machine interface
architecture. The article contains good information about the control
system. Yanagisawa et al. (Yanagisawa et al, 2011) shows a new method
of controlling a prosthetic arm using ECoG signals. The system proved its
effectiveness in decoding the hand movement of a patient who suffered
from a stroke and used that signal to control a prosthetic hand. Another
research implemented by Taha and his team (Beyrouthy et al, 2017) is
about a system that extracts the EEG signals from the brain and uses them
to control a smart 3D prosthetic arm. The system showed great results and
presented a reliable alternative for an invasive system. Researchers in
(Bright et al, 2016) succeeded in developing an EEG-based brain control
system for the prosthetic arm using a BCI Neurosky mind wave set. The
system reached an accuracy of 80 %. The team of researchers in (Elstob
& Secco, 2016) controlled a 5 DOF robotic and prosthetic hand. They used
two software frameworks. The method showed good results both
technically and economically. A study of experimenting how transradial
amputees could control grasp preshaping in a prosthetic arm using an
EEG-based closed Loop BMI system is done by Agashe et al. (Agashe et
al, 2016). The results showed that the EEG-based BMI system is a feasible
solution. Healthy participants involved in a study implemented by Vidaurre
et al. (Vidaurre et al, 2016) were able to use non-invasive Motor Imagery
BCI to achieve linear control of an Upper Limb FES controlled Neuro
Prosthesis. An embedded system was designed by (Rashid et al, 2018) in
order to control the finger movement of the prosthetic arm using EEG
signals. The signal classification accuracy of this study reached an
acceptable percent of 79 %. Faiman et al. (Faiman et al, 2018) investigated
whether spontaneous resting-state functional connectivity could predict
the degree of motor adaptation of the right (dominant) upper limb reaching
in response to a robot-mediated force field. Spontaneous neural activity
was measured using resting-state electroencephalography (EEG) in
healthy adults before a single session of motor adaptation. Noel & Snider
(Noel & Snider, 2019) used the Deep Neural Network to control the
prosthetic arm. The Neural Network was used to classify the signal to
detect person's intention of extending the right index finger. The model
achieved an accuracy of 63.3%. Gannouni et al. (Gannouni et al, 2020)
presented a study that uses machine learning in order to anticipate the
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movement of all five fingers. The proposed system achieved a signal
classification accuracy of 81%. A 62% accuracy was achieved for an
inexpensive mind-controlled prosthetic arm based on EEG signals. The
system was implemented by (Chinta et al, 2020). Fuentes-Gonzalez et al.
(Fuentes-Gonzalez et al, 2021) designed a prosthetic arm using blender
software. The control of the prosthetic arm was done using EEG signals.
The prosthetic arm was fitted to a 64-year-old man who had suffered from
an electric shock. Ali et al. (Ali et al, 2021) build an inexpensive smart
functional prosthesis arm in accordance with functional and non-functional
requirements to meet users’ goals and requirements. Setiawan et al.
(Setiawan et al, 2021) designed a system to control a prosthetic hand
using EEG signals to execute flexion and extension of fingers. Chaudhry
et all (Chaudhry et al, 2022) discussed EEG control algorithms for
prosthetic arms. They developed a cheap three-dimensional prosthetic
arm; however, it was only a prototype and could not be applied for
amputees. An EEG-based control system is not restricted to prosthetic
arms only since exoskeleton and robotic arms can also be included in that
area. Xu, et al. (Xu et al, 2011) developed a rehabilitation system for an
upper limb stroke patient where the assistive device was based on motor
imaginary EEG. The system proved feasibile and is fully capable of
exploring patient's motor initiatives and guiding stroke patients to perform
rehabilitation training effectively. The teams in (Ramos-Murguialday et al,
2012) developed a robotic hand exoskeleton based BCI to move fingers in
flexion and extension movements. The results suggest that feedback
contingency (proprioceptive stimulation paired with EEG SMR
desynchronization) influences the motor network enhancing significantly
SMR down-regulation. Formaggio et al. (Formaggio et al, 2013) present a
study to perform a robot assisted task using a Bi-Manu track robot assisted
arm trainer. Eight subjects patrticipated in the study. The results suggest
new perspectives for the assessment of patients with neurological disease.
Tung et al. (Tung et al, 2013) performed a study of EEG to track the effect
of a BCI based therapy on brain plasticity. The results suggest that motor
recovery improvement comes from increasing activation in the lesion
hemisphere during the BCI therapy. Krichner et al. (Krichner et al, 2014)
carried out an experiment to prove that EEG and EMG can improve the
adaptability of assistive devices in accordance with demands of users. The
results show that both EEG and EMG predict a movement before it is
physically executed. Witkowski et al. (Witkowski et al, 2014) introduced
and tested a novel hybrid brain-neural computer interaction (BNCI) system
fusing electroencephalography (EEG) and electrooculography (EOG) to
enhance reliability and safety of continuous hand exoskeleton-driven
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grasping motions. Looned et al. (Looned et al, 2014) introduced a
wearable and portable system consisting of a novel lightweight Robotic
Arm Orthosis (RAO), a Functional Electrical Stimulation (FES) system, and
a simple wireless Brain-Computer Interface (BCI). This system is able to
process electroencephalographic (EEG) signals and translate them into
motions of the impaired arm. The researchers in (Hortal et al, 2015)
created a system based on a hybrid upper limb exoskeleton for
neurological rehabilitation. The movement was controlled by an EEG-
based BMI. The system showed the combined use of a hybrid upper limb
exoskeleton. Brauchle and his team in (Brauchle et al, 2015) tested the
feasibility of a 3D robotic assistant to produce movements with a multi-joint
exoskeleton during MI synchronization of sensorimotor oscillations in the
B-band. The team of researchers in (Elnady et al, 2015) tested the
feasibility of using FES. Robotic training devices facilitate motor task
completion in post-stroke individuals. A robotic training device was
operated to assist a pre-defined goal-directed motor task. The results
showed that the participants' ability to use proprioception to control a motor
output did not affect their ability to use the BCI-driven exoskeleton with
FES. A novel system for the neuro-motor rehabilitation of upper limbs was
presented in (Comani et al, 2015). The system was validated in three sub-
acute post-stroke patients. The system permits synchronized cortical and
kinematic measures by integrating high-resolution EEG, a passive robotic
device and Virtual Reality. The brain functional re-organization was
monitored in association with motor patterns replicating activities of daily
living (ADL). The patients underwent 13 rehabilitation sessions. Soekadar
et al. (Soekadar et al, 2015) introduced a novel brain/neural-computer
interaction (BNCI) system that integrates electroencephalography (EEG)
and electrooculography (EOG) to improve control of assistive robotics in
daily life environments. In (Bhagat et al, 2016), researchers demonstrated
the feasibility of detecting a motor intent from the brain activity of chronic
stroke patients using an asynchronous electroencephalography (EEG)-
based brain machine interface (BMI). Another investigation was
implemented in (Tang et al, 2016). They investigated whether self-induced
variations of the electroencephalogram (EEG) can be useful as control
signals for a man-made upper-limb exoskeleton. A BMI based on event-
related desynchronization/synchronization (ERD/ERS) is proposed. The
study showed that the system is effective to control the upper limb
exoskeleton. A rehabilitation approach based on BCI providing contingent
sensory feedback of brain activity was presented by Alexander et al.
(Frolov et al, 2017). The results proved that adding BCI control to
exoskeleton assistive devices can improve the rehabilitation process for
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post stroke patients. The researchers in (Buerkle et al, 2021) presented a
novel approach of how upper-limb movement intentions can be measured
with a mobile electroencephalogram (EEG). The results suggested high
detection accuracies and potential time gains of up to 513 ms to be
achieved in a semi-online system. Thus, the time advantages included in
a simulation demonstrated the potential to increase a system’s reaction
time and therefore improve the safety and the fluency of Human-Robot
Collaboration. The EEG based control systems have application in the field
of robotic arms. Steinisch et al. (Steinisch et al, 2013) proposed a system
for neuro-motor rehabilitation of the upper limbs in stroke survivors. The
system is composed of a passive robotic device (Trackhold) for kinematic
tracking and gravity compensation, five dedicated virtual reality (VR)
applications for training of distinct movement patterns, and high-resolution
EEG for synchronous monitoring of cortical activity. Another study was
conducted by Shedeed et al. (Shedeed et al, 2013). They presented a BMI
system based on EEG signals to control three movements (open arm,
close arm, and close hand). The signal classification accuracy reached up
91%. The researchers in (Bhattacharyya et al, 2014) proposed a novel
approach toward EEG-driven position control of a robot arm by utilizing
motor imagery. The results showed that the system is effective in the
rehabilitation process. The team in (Xu et al, 2015) designed a BCl-based
online robot control system. The study included 30 participants. The
system proved its effectiveness and reliability. The total accuracy of the
system reached up to 91 %. Meng et al. (Meng et al, 2016) designed a
system to control a robotic arm to perform reach and grasp based on non-
invasive BCI technology. Thirteen participants were included in this
research. The system showed that the subjects can control the arm
through modulation of their brain with the training. Karakoe et al. (Karakoc
et al, 2017) designed a robotic arm using solidwork software. The arm can
be controlled using brainwaves. The study was successful — however,
although the arm was successfully controlled, it was not applicable (only a
prototype). Bousseta et al. (Bousseta et al, 2018) proposed a novel BCI
system that consists of controlling a robot arm based on the user’s
thoughts. Four subjects (1 female and 3 males) aged between 20 and 29
participated in the experiment. They were instructed to imagine the
execution of movements of the right hand, the left hand, both right and left
hands or the movement of the feet depending on the protocol established.
A dynamical system conceptual and preliminary design together with
system modeling are introduced in (Szabolcsi, 2019). Both dynamical
system design and analysis tasks based on classical and modern control
engineering approaches are handled in (Szabolcsi, 2020) using MATLAB.
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Research methodology used in the study

An extensive literature search was carried out. The search covered
studies between 2011 and 2018. Only full-text papers published in English
were considered. In this research, the combination of keywords (BCI or
Brain-Computer Interface or EEG or Electroencephalography) and
(Prosthetic Limb, Prosthetic Arms or Robot) and ( Control Method ) is used.
Figure 2 shows the process of how the chosen papers were selected in
this research.

Paper publishing sites ( Google
scholar, IEEE, Research Gate,
Scopus, etc. )

175
papers

A 4

English Language » 145

Full text

r

Removing

ag EEG-Based . 75 * Duplicate

Figure 2 —Research method
Puc. 2 — Memod uccnedosaHusi
Cnuka 2 — Memod ucmpaxueara

From the figure above, the number of selected papers was decreased
due to the application of several filters depending on the type of the papers,
e.g. full text or not. Only English language papers were chosen, also
depending on the type of input signals, i.e. EEG signals. Only the articles
that dealt with an upper limb (Arm, Hand) were included.

Figure 3 shows the distributions of the articles regarding the EEG-
Based Control method for artificial upper limbs (as prosthetic arms or
assistive devices or robotic arms). Years from 2013 till mid of 2016
witnessed a rise in research interest in this area.
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Figure 3 — Publication distribution
Puc. 3 — PacripocmpaHeHue rybnukayud
Cnuka 3 — Pacnodena nybnukayuja

Background

Prosthetic limbs
In this section, the focus of the prosthetic limb will be on the prosthetic

arms type. The prosthetic arm consists of several components that work
together to make the arm useful.

Limb. The limbs of a prosthetic arm are formed out of lightweight, yet
durable materials.

Socket. The socket connects the prosthesis to the residual limb to
ensure that it fits securely. A poor fit can cause considerable discomfort
and reduce the function of the prosthetic arm. To circumvent this
problem, prosthetics are made using a personalized mold to fit the
exact shape of the residual limb.

Suspension system. The suspension system is the component that
secures the prosthetic to the residual limb. There are different
suspension systems, including a harness, an elastic sleeve, a suction
socket, or a self-suspending socket.

Control system. While the brain controls a natural limb and nerve
impulses, a prosthetic arm cannot be controlled the same way. Control
systems are myoelectric, body-powered, or motor-controlled.

Electroencephalography (EEG)
Electroencephalography (EEG) is the most common brain signal that

has been utilized in brain-machine interface applications. This popularity
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is due to several facts: EEG signals are non-invasive, low cost, compatible,
portable and have a high temporal resolution in comparison with other
brainwave measurements such as electrocorticograms (ECoGs),
magnetoencephalograms (MEGs), functional magnetic resonance
imaging (fMRI) and near-infrared spectroscopy (fNIRS).

Electroencephalography can be defined as the measurement of the
electric brain activity caused by currents induced by neurons within the
brain (Murphy et al, 2017). The EEG signhal can be detected in a non-
invasive way by placing the electrode on the scalp. This justifies why the
EEG measurement is the most widespread brain activity measurement
technique. In addition, it is comparatively affordable and provides a high
temporal resolution (about 1 ms). However, it has a weak signal and is
prone to several artifacts and relatively poor spatial resolution.

In EEG measurement, detected waveforms reveal cortical electrical
activity. The signal intensity of EEG activity is often quite small and
measured in the microvolt (uV) range (Ubeyli, 2009; Acharya et al, 2019).
The main EEG rhythms are classified based on the frequency range as
alpha (a), beta (B), delta (d), theta (8) and gamma as shown in Table 1.

Table 1 — EEG frequencies
Tabnuua 1 — Yacmomsi 331
Tabena 1— EEI ¢hpekseHyuje

EEG Frequencies Description
Delta 0.5-4 Appear in infant and deep sleep
Theta © 4-8 Appear in partial and temporal areas in children

Occur in awaken adults in the parietal and
frontal region of the scalp

These waves are related to the movements and
commonly appear in the frontal and central lope.
The decreasing of the Beta rhythm indicates a
movement, preparation of movements, planning
a move, or imagining a movement. This
decrease is most dominant in the contralateral
motor cortex. This attenuation in Beta waves is
called event-related desynchronization. The
rhythms increase after the movement and are
known as event-related synchronization.

These are higher rhythms that have frequencies
of more than 30 Hz.

Alpha a 8-13

Beta B 13-30

Gammay >30
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Results

During the systematic review, 39 articles were chosen for principal
studies and all of them were using EEG as an input signal.

However, the output was either a prosthetic limb, an exoskeleton
device, or a robotic arm.

Figure 4 shows the number of studies that dealt with each one
considered in this paper.

18

16

14

12

10

Prosthetic arm Exoskeleton Robotic Arms

Figure 4 — Articles dealing with EEG application
Puc. 4 — Cmamsbu o npumeHeHuu 33

Cnuka 4 — Ynaruyu o npumeru EEI annukayuje

The systematic review results in 39 papers, chosen as principal
studies and published in the field of EEG-based control of prosthetic arms,
exoskeleton, and robotic arms, are shown in Tables 2,3, and 4,
respectively.
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Table 2 — Prosthetic arm
Tabnuua 2 — lNpome3s pyku

Tabena 2 — [Npocmemudyka pyka

Reference EEG Extraction Method Controller | No. of year
No. Used movements
(Bridges et - Not
al, 2011) Not specified specified Grasp 2011
Feature extraction: Grasp,
bandpass filter (Fast extension of
(Yanagisawa | Fourier Transform) Not the second and 2011
et al, 2011) Classifier : Support Vector Specified third finger
Machine SVM (' scissor
shape)
Raspberry
(Beyrouthy Not specified Pi + Close and open 2016
et al, 2017) . hand
Arduino
. . Flexion
(Bright et al, - Arduino iy
2016) Not specified UNO extension, 2016
pinch
CSP spatial filter for
gigb & extraction Arduino Open. close 2016
2016) ' Linear Discriminant UNO pen,
analysis LDA for classifier
High-pass and low-pass e i
(Agashe et second-order Butterworth Built-in Grasp 2016
al, 2016) . controller
filters
. Band Pass filter for Control, right
S{'%ﬂg? et Extraction, goécifie d hand or left 2016
' LDA as a classifier P hand
Data Processing: low and
high pass filter
Feature extraction :
(Rashid et calculation o band power Arduino Finger flexion 2018
al, 2018) from PSD UNO and extension
Classification: Logistic
regression classifier
network
Data was filtered with
(Faiman et Bandpass and Notch filter Not .
al, 2018) Data extraction using Fast specified Reaching 2018

Fourier Transform
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Ece)ference EEG Extraction Method Sggéroller r'\rl1cc)).v%fments year
(Noel & Extraction and analygls : Flexion and
; Power spectral density Not h
Snider, e o extension of 2019
2019) Classification : Support specified fingers
vector machine 9
(Gannouni et | Extracting CSP Not Finger 2020
al, 2020) Classifying: LDA specified movements
. Classification : LSTM Upward and
(zc(?)gl(r)])ta etal, ( Long-Short Term Memory goécified downward arm | 2020
Model P movement
(Fuentes- .
Gonzalez et | Not specified Gr’\cligmo hogrfg and close 2020
al, 2021)
Arm
(Ali et al, - Not movement,
2021) Not specified specified fingers open 2021
and close
(Setiawan et | RC Filter OP AMP for Arduino E:(?:Irs)sr;oarlwngf 2021
al, 2021) Signal Extraction UNO :
fingers
(Chaudhry et | Extraction : FFT Arduino Fingers flexion 2022
al, 2022) Classification: SVM UNO and extension
Table 3 — Exoskeleton
Tabnuuya 3 — 3k30ckenem
Tabena 3 — Ez3ockenem
Reference EEG Extraction Method Controller | No. of year
No. Used movements
(Xu et al, Extraction: WT Not .
2011) Classification: LDA specified Rightand leftarm { 2011
(Ramos- Spatial filter Not Fingers flexion
Murguialday specified and extension 2012
et al, 2012) P
(Formaggio | Sampling : Band Pass Filter | Not Hand movement 2013
etal, 2013) | and FFT specified
(Tung et al, Not Upper arm 2013
2013) specified movement
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Reference - Controller | No. of
No. EEG Extraction Method Used movements year
. Sampling: FFT Band Pass
gfrggfj)r et Filter and Spatial filter ’s\]o(;cifie d #g?;rmaerm 2014
’ Classification: SVM P

wikousy | SeeingBanapase Fler [y [ Handmovement
et al, 2014) rep 9- Lap specified

filter
(Looned et Extraction: Spatial Filter Not Arm movement 2014
al, 2014) Classifier: Linear Classifier specified and grasp

Sampling : Notch Filter )
(Hortal et Extracting : Band Pass Filter | Not Elbow flexion and

>1ng - " . 2015

al, 2015) Classifier: SVM specified extension

Digitization: High Pass Filter Arm reaching
(Brauchle et Classification : Linear Not . movement 2015
al, 2015) e specified

Classification

Extract: common spatial Elbow flexion ,
(Elnady et pattern Algorithm Not extension 2015
al, 2015) Classifier: Linear specified hand open and

Discriminant Analysis LDA close
(Comani et Samplings: notch and Not Upper arm 2015
al, 2015) Bandpass filter specified movement
(Soekadar | LEURS oG Lapiacian +- | Mot movement 2015
et al, 2015) Fi)lte? 9-Lap specified

Sampling : High then Low Elbow flexion
g?h;gfé)et Pass Filter ’S\IO‘;Ciﬂe d extension 2016

’ Classification: SVM P

Sampling : Notch and Band Right- and left-
(Tang et al, | Pass Filter Not hand movement 2016
2016) Classifier: LDA, SVM, specified both feet

BPNN movement
(Frolov et Extraction: Band Pass Filter | Not Hand open and 2017
al, 2017) classify: Bayesian classifier | specified close
(Buerkle et | Extraction :FFT Not .
al, 2021) Classification: SVM specified Right and left hand { 2021
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Table 4 — Robotic arm
Tabnuya 4 — Pobomu3supogaHHas (buoHu4Yeckasi) pyka
Tabena 4 — Pobomuyka pyka
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EEG
Reference No. Extractio Sgg(tjroller No. of movements year

n Method
Sampling :

1| (Steinisch et al, 2013) Notch and | Not . Arm movement 2013
Bandpass | specified
filter
Extraction:
WT, FFT, Not Close and open arm

2 | (Shedeed et al, 2013) | Pca fied | Cloge hand p 2014
Classifier: | SPecifie ose han
SVM
Extraction:

3 (Bhattacharyya et al, FFT Not Arm movement, left, right and 2014

2014) Classifier: specified forward

SVM
Extraction:
WT Not Arm move upward and

4| Ruetal, 2015) Classifier: specified downward 2015
LDA

5| (Meng et al, 2016) Not Not Arm movement: left, right, up, 2016
specified specified down
Not .

6 | (Karakoc et al, 2017) specified Arduino Open and close hand 2017
Extraction:
FFT Not Arm base right, left

7| (Bousseta etal, 2018) Classifier: specified Elbow up and down 2018
SVM

= Arm Movement
Hand

Fingers

Figure 5 — EEG signal control in the prosthetic arm research studies from Table 2
Puc. 5 — YnpaeneHue cuzsHanom O3I 8 uccriedosaHuusix 0 MPOMe3upo8aHuUU PyKu U3
Tabnuub! 2
Cnuka 5 — Ynpaerparwe EEI cueHanoMm y ucmpaxueadykum cmydujama Koje ce bage
npocmemuykom pykom (mabena 2)

=




®arm

m hand

m finger

Figure 6 — EEG signal control in the exoskeleton research studies from Table 3
Puc. 6 — YnpasneHue cueHanom 33I e uccnedosaHusix ak3ockennema u3 Tabnuubi 3
Cnuka 6 —Ynpasrbarwe EEI cuezHanom y ucmpaxusaqykum cmyodujama Koje ce base
ea3ockeniemom ( mabena 3)

HA™mM
W Fingers

= Hand

Figure 7 — EEG signal control in the robotic arm research studies from Table 4
Puc. 7 —YnpaeneHue cueHanom 33" 8 uccriedosaHussx pobomu3suposaHHOU pyKu U3
Tabnuub! 4
Cnuka 7 —Ynpaerpbare EEI cueHanom y ucmpaxusadykum cmydujama Koje ce base
pobomuykom pykom ( mabena 4)
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EEG signal types

EEG is nowadays considered a successful non-invasive realistic and
practical Brain-Machine Interface BMI Technique. This is due to the fact
that other techniques are considered high cost, e.g.
magnetoencephalography (MEG) and positron emission tomography
(PET).

Three key elements characterise the EEG-based prosthetic arm: the
type of EEG signals, which part of the prosthetic arm is under control, and
how to translate the EEG signal to a control command to manage the
prosthesis. Figure 8 shows these key elements.

EEG based
Prosthetic arm

ranslating the

EEG signalsto
control

command

Prosthetic Arm
Part
undercontrol

Types of EEG
Signals

Endogenous
Exogenous
Fingers
Hands
Elbow
Full arm

Figure 8 — Research elements
Puc. 8 — 9nemeHmbI uccredosaHusi

Cnuka 8 — EnemeHmu ucmpaxueara

Endogenous and exogenous EEG signals

Depending on the movement type, the prosthetic arm can be managed
by utilizing exogenous or endogenous EEG signals.

Table 5 shows the differences between these two types.
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Table 5 — EEG signal types
Tabnuua 5 — Tunbl cueHanos 33
Tabena 5 — Tunosu EEI cueHana

EEG Disadv
Sign | Description | Advantages | antage | Types Description
al S
1- The reaction to the
Require stimuli is at different
alot of | Steady frequencies.
focus. State If the participant looks
Generated 2. Visually at a flashing light with
by applying | \rcimum Particip | Evoked specific frequency,
e).(tern.a! training for ants Potential the EEG Signal from
stimuli like participants | canbe | (SSVEP) the visual cortex
auditory or really would be at the same
@ virtual clue exhaust frequency
g ed from "5 300 The same as SSVEP
2 strong Based but the data transfer
i stmuli. Interface rate is lower
Endure two kinds of
amplitude
modulations known
Sensorimot | as event-related
or Rhythms | desynchronization(E
(SMR) RD) and event-
related
synchronization
N (ERS)

\Tlﬁ[]“c'pams rln 0’:‘: ed S_Iow event-rela’;ed
rl?g:s not neurological | training direct-current shifts
external problems 2- Data of the
ctimuli can control | transfer electroencephalogr

prosthesis rate is am. Slow cortical

automatically | lower Slow potential shifts in

Cortical the electrical
Potentials | negative direction
(SCP) reflect the

9 depolarization of

S} large cortical cell

g assemblies,

S reducing their

T excitation threshold.
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Prosthetic arm parts

The control of a prosthetic arm has different paradigms represented
by whether the control includes only fingers, hand, elbow, or a full arm.
Every part requires different types of signals. Besides, the time of training
is dependent on the parts.

A - Fingers

Both human hands have four fingers and a thumb each. The fingers
have two main moves: flexion and extension. The flex movement is mainly
for grasping, while extension is for reaching things. Due to flexion, several
modes can be made, i.e. bending, making a fist, gripping, grasping and
folding fingers. On the other hand, the extension of fingers includes the
following modes: pointing, stretching out, and spreading out.

The thumb is responsible for 50% of the hand function. The thumb
has two joints at the end and middle which flex and extend, just like the
fingers. The next joint down, however, is highly specialized and allows
several unigue movements not possible in the fingers. These are the
following motions: circumduction, abduction, adduction, and retropulsion.

There are several studies regarding finger movements using EEG
signals implemented over the last few years. Paek et al. (Paek et al, 2014)
investigated how the finger tapping movement ca be decoded from the
scalp EEG signals. The study shows that finger kinematics can be inferred
from delta band filtered fluctuation of the amplitude of EEG signals across
the scalp using linear decoders with memory. Ketenci & Kayikcioglu
(Ketenci & Kayikcioglu, 2019) studied the effect of theta brainwaves on
movement detection. Four right-handed participants performed extensions
with their fingers using EEG. They proved that theta signals participate in
movement execution. Mohamed & Aharonson (Mohamed & Aharonson,
2021) studied the movement of wrist and fingers together ( i.e. left finger
and wrist or right finger and wrist). The results suggest that a combination
of classifiers and features from different frequency bands could improve
BCI performance to enable more dexterous control of a bionic hand.
Rashid and his team (Rashid et al, 2018) designed a system that can be
used to control the fingers of a prosthetic limbs using EEG signals. For this
system, a two-staged classifier was used. The classifier was able to
distinguish between three finger movements, the thumb, and the fist with
an accuracy of 70%. A novel method of classification of four finger
movements (thumb movement, index finger movement, middle and index
finger combined movement, and fist movement) of the right hand on the
basis of EEG (Electroencephalogram) data of the movements was
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presented by Javed’s team (Javed et al, 2017). The PSD and Linear
Regression models were used to classify the signals. These classifiers had
an accuracy of 65%. Liao et al. (Liao et al, 2014) investigated the
discrimination of individual fingers from one hand using non-invasive EEG.
The experimental results demonstrated that a movement-related spectral
structure could be decoupled from EEG power spectrum density data
using the Principal Component Analysis with an accuracy achieved of
77.11% .

B - Hand

The hand movements include the fingers and the wrist movements.
The wrist joint flexes and extends, but also deviates radially and ulnarly
(moves from side to side). The word radially means “toward the thumb
side”. The term ulnarly means “toward the pinky side”. One might use this
motions when swinging a hammer. A study of implementing an algorithm
for wrist movement detection was implemented by Ghani et al. (Ghani et
al, 2013) - the movements of the hand were flexion and extension. The
accuracy achieved by this algorithm was up to 91.93 % using discrete
cosine transformation of energy and entropy. Huong et al. (Huong et al,
2018) used Event-Related Potential (ERP) components of P300, and the
advanced features combined in Artificial Neural Network (ANN) were used
to classify the electroencephalogram (EEG) signals associated with the
left and right-hand movements. The results of classification are quite good
and promising for the application in a BCI context to mentally control a
computer or a machine.

Ting Li et al. (Li et al, 2018) proposed a model of voluntary hand
movement decoding based on an HLM. The original intention of this design
was to identify a computing architecture that could contain and describe
complex data, such as that of an EEG BFN. Ramalingam et al.
(Ramalingam et al, 2016) use machine learning algorithms to extract and
classify signals from the brain to execute the motion of fingers and wrist
rotation. four classes of right-hand movements were considered. The
descriptive statistical features were computed from EEG signals. Feature
selection was carried out to reduce the classifier complexity and an
accuracy of 80.55% was achieved using the C4.5 decision tree algorithm.

C - Elbow

The elbow is one of the most important parts of the arm because it
allows the hand to move in almost any position so that various activities
can be done. The movements that can be done with the elbow are flexion
and extension. Ji-hoon et al. presented a study of the classification of
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forearm movements according to elaborated rotation angles using
electroencephalogram (EEG) signals (Jeong et al, 2020). They used the
Hierarchical Low Convolutional Neural Network (HF-CNN) model for
robust classification. The experimental results demonstrate the possibility
of decoding complex kinematics information using EEG signals. Ghani et
al. (Ghani et al, 2012) used EEG to analyze brain activity in order to
translate human elbow movements to the movements of an artificial
actuator. The work achieved 73% accuracy in the classification of the
elbow movements using EEG. Faizal et al. designed an orthosis control
system as a rehabilitation device by using a classification method with
EEG and EMG signals, so that subjects who use this tool can carry out
rehabilitation in upper arm movements, especially in the elbow joint. The
system reached an accuracy of 85.2% with three movements: relax,
flexion, and extension (Ferdiansyah et al, 2020).

Translating the EEG signal to the control command

EEG signal decoding has several stages in order to reach the desired
output. These common stages are preprocessing, feature extraction, and
classification. At each stage, an algorithm is applied.

A - Preprocessing

EEG records electrical potentials generated by nerve cells. Electrodes
are placed on the scalp and recorded by amplification. By this procedure,
the obtained data shows a continuous graphic with the spatial distribution
of the voltage changes over time. In order to translate brain activity into
commands, there are three steps to be applied. First, the brain activity is
recorded with an acquisition device. Then, artifacts are unwanted faulty
parts of signals that are removed from signals (Gupta & Singh, 1996).

B - Feature extraction

Relevant features are extracted by methods such as Fast Fourier
Transform (FFT), Wavelet Transform (WT), and Eigenvectors (Zhang et
al, 2008). There are different methods for feature extraction of the signal
such as FFT, WT, Eigenvectors, Time-frequency Distributions, and
Autoregressive Method. Table 6 shows every method mentioned earlier
with their advantages and disadvantages.
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Table 6 — Feature extraction techniques
Tabnuuya 6 — MemoObI 8bisierieHUsT NMPU3HaKo8
Tabena 6 —TexHuke usdeajaHa Kapakmepucmuka

Name Advantages Disadvantages

1- Good tool for stationary

signal processing

2- Itis more appropriate for 1- Not good with

narrowband signals, such as nonstationary signals like
FFT sine wave EEG.

3- It has an enhanced speed | 2- Suffers from large noise

over virtually all other sensitivity

available methods in real-time

applications

1- It is better suited for the Needs selecting a proper
WT analysis of sudden and gaprop

transient signal changes

mother wavelet

Eigen vector

Provides suitable resolution to
evaluate the sinusoid from the
data

Lowest eigenvalue may
generate false zeros when
Pisarenko’s method is
employed

Time
frequency
distribution

1- It gives the feasibility of
examining great continuous
segments of the EEG signal
2- TFD only analyzes clean
signals for good results

1- Time-frequency methods
are oriented to deal with the
concept of stationary; as a
result, a windowing process is
needed in the preprocessing
module

2- It is quite slow (because of
the gradient ascent
computation)

3- Extracted features can be
dependent on each other

Autoregressive

1- AR limits the loss of
spectral problems and yields
improved frequency resolution
2- Gives good frequency
resolution

3- Spectral analysis based on
the AR model is particularly
advantageous when short
data segments are analyzed,
since the frequency resolution
of an analytically derived AR
spectrum is infinite and does
not depend on the length of
analyzed data

1- The model order in AR
spectral estimation is difficult
to select

2- The AR method will give
poor spectral estimation once
the estimated model is not
appropriate, and the models'
orders are incorrectly selected
3- Itis readily susceptible to
heavy biases and even large
variability
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C - Classification

A classifier utilizes values for independent variables (features) as
inputs to predict the corresponding class to which an independent variable
belongs. A classifier has a number of parameters that require training from
a training dataset (Wen et al, 2021). A trained classifier will model the
association between classes and corresponding features and is capable
of identifying new instances in an unseen testing dataset. Several
techniques of classification are explained in Table 7.

Table 7 — Classification techniques
Tabnuuya 1 — Memods! knaccughukayuu
Tabena 1 —TexHuke Knacughukayuje

No

Meth
od

Description

SVM

The SVM is a supervised learning algorithm that uses a kernel trick to transform
input data into higher dimensional space, after which it segregates the data via a
hyper-plan with maximal margins. Due to its ability to manage large datasets, the
algorithm is widely used for binary classification problems in machine learning.

MLP

The MLP is a non-linear neural network based method comprising three sequential
layers: input, hidden and output, respectively, where the hidden layer transmits input
data to the output layer. However, the MLP model can cause over-fitting due to
insufficient or excessive numbers of neurons.

NB

The NB classifier provides simple and efficient probabilistic classification based on
Bayes' theorem, which posits that extracted features are not dependent. The NB
model uses (i) a maximum probability algorithm to determine the class of earlier
probabilities, and (ii) a feature's probability distribution from a training dataset.
Results are then employed with a maximized posteriori decision tree to find the
specific class label for a new test instance.

K-NN

The k-nearest neighbor is a supervised learning algorithm that identifies a testing
sample's class according to the majority class of k-nearest training samples; i.e., a
class label is allocated to a new instance of the most common class amongst KNN in
the “feature” space. In this study, the k value was set to three.

fold
cross
valid
ation

All classification models in the present work were trained and tested with EEG data
and then confirmed using k-fold cross validation, which is a commonly used
technique that compares (i) performances of two classification algorithms, or (ii)
evaluates the performance of a single classifier on a given dataset (Wong, 2015). It
has the advantage of using all instances in a dataset for either training or testing,
where each instance is employed for validation exactly once.

LDA

It consists of the statistical properties of the data calculated for each class. For a single
input variable (x), these are the mean and the variance of the variable for each class.
For multiple variables, these are the same properties calculated over the multivariate
Gaussian, namely the means and the covariance matrix. These statistical properties
are estimated from the data and plug into the LDA equation to make predictions. These
are the model values that would be saved to file for the model.
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Conclusion

The study of EEG-based prosthetic arms includes a wide range of
fields to be familiar with, such as anatomy, signal processing, control
methods, and design. All these fields represent sciences in themselves.
Although researchers have done good work regarding prosthetic arm
control, more needs to be done, such as increasing the accuracy in EEG
signal extracting and faster control.

The use of automatic prosthetic arms is already an accepted method.
It is considered one of the methods that aim to be applicable for lower
limbs, wheelchairs, cars, and even drones.

In future research based on a Ph.D. thesis, the five extraction
methods mentioned in Table 6 and the six classification methods
mentioned in Table 7 will be used to control the full motion of the arm
moving an object from one place to another using LabView or MATLAB
simulation. Subsequently, a method with high accuracy will be applied for
an actual prosthetic arm using Raspberry pi 4 controller.
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Pesome:

BeedeHue/uenb: CueHan a51IeKmposHyeganoepaguu (33r)
oKasbigaem 60sibWOe 8/IUSIHUE Ha pa3sumue MexXHOI0euU yrpasneHusl
npome3om pyku. CueHanbl 33 ucrnonb3yomcs 8 Ka4ecmee 0CHO8HO20
UHcmpymeHma 8 (byHKUUOHasIbHbIX UCCriedosaHusix  0suXxeHul
yesioseka. WM3yyeHue yrpasnieHuUsi npome3oM pyKUu C MOMOWbIO
CU2Har08 20/108HO20 M0O32a 8ce euje Haxoodumcsi Ha paHHel cmaduu,
mak Kak OaHHbIl eud yrnpaseneHusi Hadanu uccredogamb 8Ce20
HECKObKO flem Ha3ad.

Memodekl: bbino nposedeHo HeCcKobKo uccnedosaHull € Uesbo
cucmemamu4ecko2o ob3opa orybnukosaHHbIx cmamel, O0fs moao
ymobbl uccnedosamenu u crieyuanucmsl Moasu O03HaKOMUMbLCS C
Hoseliwumu Memodamu yrnpasneHusi ¢ NoMowblo cuzsHanos 33,
ucrionb3yeMbix He mofibko 8 obmacmu  [Ipome3uposaHusi
KoHeYyHocmel, HO U 8 Opyaux MexHOI02UusIX.

Pesynbmamebi: B xo0e uccrnedosaHusi npoaHanusuposaHo 175
cmamel, U3 KomopbiX omobpaHbl MOJIbKO HEernocpedcmeeHHO
omHocsawuecss K meme 0aHHO20 Uccried08aHUs.

Bbigodnbi: [laHHOe uccrnedosaHue rnpecnedyem mpu uenu. lNepeas yess
3aKnyYaemces 8 cbope, cucmemamusayuu uccrnedosaHull U OUeHKe
rosny4YyeHHoU uHgopmayuu u3 mpyoos, ornybruKkoeaHHbIX 8 repuod ¢
2011 no 2022 e200. Bmopasi uenb cocmoum 8 rpedcmasieHuu
ModpobHo20 omyema O  UEJIOCMHbIX  3KCIepUMEeHmMasbHbIX
docmuxXeHusix 8 samol obriacmu, a makxe 0 meKyu,ux uccrnedosaHusix.
Takum obpa3om cucmemamu3uposaHHbIl Mamepuar npedocmasrnsem
bonbwoe  Koruyecmeo  MPuUMepo8, OMUCAHHbIX 8  Hoselwux
uccrniedosaHusix 06 yrnpasneHuu npomesoM pyKu c rnomouwbto 33r.
Tpembsi uyenb cocmoum 8 8blsigrieHUU npobnem, mpebyowux
OanbHeliWweao U3y4YeHUsl, U 8 peKkoMeHOauuu HarnpasneHul ons
6ydywux uccnedosaHuli 8 daHHoU obsiacmu.

Kntouessie cnosa: 33I, OMI, kommnnekcHoe uccrnedosaHue, npomes
PyKU, yripasreHue.

OncexHa cTyauvja o ynpaBrbakby BELITA4YKOM PYKOM NMomony
enekTpoeHuedanorpaduje (EEIN)

Uxab AbpynpaxmaH CaTtam

YHuepautet O6ygaa, LLikona gokropckux 6e36eaHoCHUX cTyavja,
ByaumnewTa, Mahapcka;

CeBepHN TEXHWUYKN YHMUBEP3NUTET, TeXHUYKM UHCTUTYT / An-xaBuja,
Operbetbe 3a enekTpoHcke TexHuke, Penybnvka Vpak

OBJIACT: mexaHuka, eneKkTpoHunka
KATEFOPWUJA (TUIM) YINTAHKA: opurinHanHu Hay4Hu pag
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Caxxemak:

Yeod/yurb: CueHan y enekmpoeHueghanoepachuju (EEl) uma eenuku
ymuuaj Ha pa3eoj mexHorsoauje yrpaerbaksa npocmemuykom pykom. lpu
OyHKUUOHaIIHOM ucrumusarby /bydCcKo2 rokpema Kao arasHo cpedcmeo
kopucme ce EEI cuesHanu. KoHmposna npocmemuyke pyke rymem
MoxxOaHux marnaca je jow y paHuUM ¢hazama ucrnumuearsa. Vicmpaxusadu
ce mek 00 rpe HeKosIuKo 200uHa bage 080OM 8PCIMOM yrpPas/bara.

Memode: Hekornuko cmyduja je umario 3a yurb 0a cucmemamu4Ho obpadu
0o cada objasrbeHa ucmpaxuearba Kako 6u ce ucmpaxueayuma U
cmpyyrsauyumMa rnpyxuo ceeobyxeamHu rpeaned HajHoBUjUX MEXHUKa
ynpaerbara nymem EEI cueHana Koje ce Kopucme He camo 3a
rnpocmemudyke pyke eeh u 3a Opyee mexHosnoauje.

Pesynmamu: YnopeheHo je 175 unaHaka, a uzabpaHu cy caMo OHU Koju cy
Hajmeuwre rnosesaHu ca cmyoOujom.

Sakbyyak: Oea cmyduja uma mpu uurba. [lpeu je da ckynu,
cucmemamusyje U rnpoueHu uHgopmayuje objasrbeHe y cmyldujama y
nepuody 0d 2011. do 2022. zoduHe. [pyau je Oa npyxu OemarbHuju
useewimaj 0 XonuCMUYKUM, eKcriepuMeHmanHum nocmueHyhuma y 0eoj
obriacmu, Kao u 0 cadwirbum ucmpaxusaruma. CucmemamuyHo ypaheHa
cmyduja obe3behyje MHOWMEBO rpuMepa U3 caspeMeHuUx ucmpaxkuearba
ynpaesrbarea rnpocmemuykom pykom rymem EEI cueHnana. Tpehu yurb
jecme 0Oa ce ykaxe Ha obriacmu Koje 3axmesajy darba ucmpaxusearba, Kao
u 0a ce nperiopyde rnpasyu 3a HUX080 criposoherse.

KbyuHe peyu: EET, BCI, ceeobyxeamHa cmyduja, npocmemudyka pyka,
KOHmMpornepu.
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Abstract:

Introduction/purpose: The paper describes an alternative theoretical model
of the Earth's EM field based on two-component field hypotheses. The
paper consists of several parts, one part of which is a model showing the
rotation of the magnetically conducting sphere of magnetization M in a
foreign magnetic field. The last part defines theoretical models for the
calculation of the components of the electromagnetic field of electrically
conductive, dielectric and magnetically conductive spheres which are
exposed to the influence of a foreign electromagnetic field.

Methods: In the work, the responses of electrically conductive, dielectric
and magnetically conductive spheres to the influence of external EM fields
were investigated using the analytical method.

Results: The obtained solutions in the form of analytical formulas will be
applied to research the impact of the Sun's EM field on the planets and
especially on the Earth.

Conclusion: The resulting formulas of the electric and magnetic field
strength and induction and their solutions can be applied to electrically
conductive, dielectric and magnetically conductive spheres. In comparison
to already known formulas, they are simple and have higher accuracy.

Key words: theory, model, electromagnetism, components, spheres,
rotation, magnetic field.
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Introduction

Since the Earth's magnetic field protects life on Earth from the effects
of cosmic particles, the weakening of the field reduces protection. In
astrophysics, the Earth's magnetic field is defined as a physical field
created and maintained by the rotation of charged magma in the nucleus
(dynamo theory) (Jacobs, 1987). The axis of the magnetic poles moves
towards the geographical axis but there is no real explanation for the
phenomenon. In 2019, magnetic lines of force entered the northern
magnetic pole in part of the Arctic soil in Canada, and the position of the
pole moved towards Siberia at a speed of 55 km/year. F. Laimorver
(University of Leeds) says that the location of the North Magnetic Pole
oscillates between two magnetic fields between Canada and Siberia and
is currently dominated by the Siberian field. Although field disturbances
are not considered a cataclysm, bird and fish deaths in Arkansas in 2011
were explained by their sensitivity to gender shifts. Changes in the location
of the magnetic poles occur every 250,000 years. The N-magnetic pole is
moving towards Siberia due to the movement of larger masses of
waterway between the Arctic and Siberia, with small but influential charges
(Bjeli¢, 2021a).

The vectors of the electric field of solar waves are a sign that
components of the Earth's EM field are just a response to Sun's EM waves.
The Van Allen radiation belt is a zone of charged particles, created by the
solar wind, cosmic rays and particles, and the magnetic fields of the planet,
no matter how they are created, keep them. The planet Earth has 2 main
Van Allen (VA) bands at 640-58000 km above the ground and radiation
levels vary. VA probes discovered the third one (lasted 4 weeks until it was
destroyed by the interplanetary wave of the Sun). The hypothesis of 2
magnetic fields (Canada, Siberia) is controversial because in the same
part of space there can only be a resultant field. The sun's rays bring
particles to Earth (ionized) and propagate through the atmosphere like EM
waves (non-ionized part).

Electric and magnetic field and the postulate of
amplitude attenuation from the kinetic theory of gases
The division of the Earth's EM field into electric and magnetic

components is relative because static loads create the electric field
component and their displacement the magnetic field component, Figure 1.
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Magnetosheath {“(/ ’ magnelosphere

Figure 1 — a) Solar wind brings EM energy into the Earth's magnetosphere and creates
geomagnetic storms, b) The Sun does not support permanent radiation belts
because it does not have a stable, global dipole EM field (Bjelic, 2021b)

Puc 1 — a) ConHe4HbIl 8emep NpuHOCUM 3/1eKMPOMagHUMHYH 3Hepauio 8
MaeHUmocahepy 3emsnu u cozdaem eeomazHumHbie bypu, 6) ConHue He
rnoddepusaem nOCMOsIHHbIe paduayUoHHbIe Nosica, MOCKOMbKY
y Heao Hem cmaburibHo2o enobasibHoeo dunonsHozo OM nons (Bjelié, 2021b)

Cnuka 1 — a) ConapHu eemap yHocu EM eHepaujy y mazHemocgepy 3emrbe u cmeapa
2eomazHemHe oryje, 6) CyHue He nodpxxasa mpajHe rojacese 3padyera
jep Hema cmabusHo, enobanHo dunonHo EM norwbe (Bjelic, 2021b)

i



In the vicinity of stationary charge carriers, there is only a component
of the electric field, and the moving carrier creates a component of the
magnetic field. At EM wave velocities much lower than the light velocity,
v << c changing the coordinate system does not change ratios of electric
and magnetic field strengths at the same load distribution or for the same
currents: field components have the same relationship defined in any
mathematical space coordinate system (Mihajlovi¢, 1993).

@)

Radiation
Belt

Figure 2 — Earth's magnetic field: a) line of the Earth's field, b) line of the
magnetic field with respect to the rotation, c) belts of Van Allen
radiation rings, red-inner, gray-outer radiation belt (Bjeli¢, 2021b)

Puc 2 — MaeHumHoe none 3emnu: a) cunossie nuHuu 3emnu, 6) cunoasie nuHUU
Maz2HUMHOEZ0 10719 10 OMHOWEeHUIO K HarnpasieHuto epawieHus, 8) paduayuoHHbIl Mosic
BaH AnneHa, kpacHasi-eHympeHHsisi, cepasi-8HeWHsIsi nosoca usnyveHus (Bjelic, 2021b)

Cnuka 2 — MazHemHoO norbe 3emsbe: a) nuHuUje nosba 3emrbe, 6) NuUHUja MazHemHoz2
rnosba y 0OHOCYy Ha cMep pomauuje, 8) rnojacesu BaH AneHosux npcmeHosa
padujayuje: upseHuU — yHympauwbU, cusu — CriosbHU nojac padujayuje (Bjelic, 2021b)

The parameters ¢, u,, o (dielectric, magnetic and specific electrical

parameters) at each point of space where the EM field acts connect two
pairs of vectors (Lamb, 1883a; Prodanovi¢, 2006):

£a = €081 » £ =8.854-10"12 Fim, D=¢,E F/m, (1)
Lo = totty » o =1.256x1077 H/m, B = z,H H/m, 2)
c=5m, p=c1Q/m, J=0c-E SmQ/m, (3)

=
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where D is electrostatic induction, E is electric field strength, B is

magnetic induction, H is field strength, and J is current density.

Under normal conditions, the parameters of the media are constant
scalar values, and the media are linear and isotropic. As the field strength
increases, the linearity may be disturbed, the mean becomes nonlinear,
and the parameters depend on the field strength. In anisotropic media, the
relations between pairs of vectors depend on orientations and are not

parallel, and asymmetric tensors |e,||, |||, [o] . are used to describe the

medium. The medium is homogeneous if these parameters are the same
at all points of the EM field and mhomogeneous if they are different.

In equation (1,2,3) the pairs of vectors D, E, B, H and J are

collinear and the values are linearly dependent. For the analysis of EM
fields on the ground and in higher layers of the Earth's space, alternative
models are:
— electrostatic system: solid sphere and outer layers with charge carriers
(ionosphere),
— electrostatic and magnetic dipole which can create the electric and
magnetic components of the EM field,
— elementary resonator of the electric component of the EM field, as
suggested by Tesla,
— planet — a body that rotates under the action of forces created by the
components of the EM field.

EM waves of a foreign source (the Sun) penetrating the ionosphere
bring ions (electrons) in that layer into a state of forced oscillations and by
means of an electric field transfer to electrons part of their energy which
passes into kinetic energy of electrons and, when there is no electron
collision with neutral ionic gas molecules, it returns to the wave during the
half-cycle when electrons slow down.

In real conditions in the ionosphere, despite the great dilution of the
gas, collisions of electrons and neutral molecules are inevitable. Electrons
in collisions transfer part of the energy from the EM wave to neutral
molecules and it is lost for the wave because there is no interaction
between neutral molecules and the wave that would allow the energy to
return to the wave. The consequence of energy loss is a weakening of the
amplitude of the waves - the greater the loss, the greater is the number of
waves per unit volume and the average number of collisions suffered by
an electron per unit time.

i



A group of EM waves moving through the layers of the atmosphere
has different amplitudes and frequencies. For the movement of part of the
EM spectrum (groups of EM waves) through the layers of the atmosphere
with the parameters ¢y, po the general solution is determined from

Maxwell's equations (Lamb,1883b; Bjeli¢, 2021b):
first (1): rotH = jaeoE +J, (4)
others (I1): rotE = —jauoH . (5)
The general solution abstracts the cause of the vectors H , E and J,
but must take into account the dependences:
— individual components of the total current density J,,, , of the electric

field strength, and
— the strength of the magnetic field H from the total current density J, .

If the values for s, =8.85-107*2 F/Im, \Ju, /&, =1, C= 2.988x10°
ms?, uy =47x107" mstAlV, the average value of the Earth's magnetic

field strength is:
- 1 1-
H=— \/z ~E, (6)
Ho V€ C
where Hy ~24 A/m.

In the unit of volume 7 =z length in the time interval (t), the number
of particles n(z) moves without collisions and the longer the interval, the
smaller the number of collisions n(z). Therefore, the interval length
function n(r) must be decreasing and the increment-differential of the
function must be negative and proportional to: dz, n(z) and some constant
a:

dn=-a-n(c)dz, n(z)=A-e*". @)

The number of particles 7=z =0 moving without collision is equal to

the sum of particles in a unit of volume A =N, a dn(r) and the number of

particles for which the duration of free movement without collision is
between dr and r+dz.
The mean collision-free travel time T is then:

<D
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From equation (8), « =1/T. The mean number of particle collision
per unit time is:

0

n(z)=Nge™* (v=UT, a=v). (9)

The EM field is changed according to the simple periodic law and the
calculation of complex numbers can be:

dv/dt =(q/ m)Esel?t. (10)
If the velocity of the ion v, at the time of the last collision t—z, in
direction of the EM field, at the time t , the velocity is:

t q jo-t q jort —jot
V:I_TEEOer dt +v, = - E,el® (l—e o )+v0. (11)

m

The number dn of ions (electrons) having the velocity v is equal to
the number of ions in which the duration of motion at that number of
collisions is between r and r+dr:

dn=-Ny-e"'dz. (12)

The number of dn ions moving at a speed v form a convection
current having an elemental density:

dJ =qv[dn|=qVyv -e " 'dr. (13)

The total convection current density z=0 and =0 is obtained by
integrating this equation within the limits of:
J-= 1qVEeJ“’t 1-e 1 Vg7 4 NV, 14
B [ e i ar N (14)
For the mean ion velocity after the collision v, after integration, the
current J is:
2 .
g=N@” 1 g et (15)
m v+ jo

The value of J in equation (15), can be added to the component of
current density of dielectric displacement:

oD/ ot =dD/ dt = josyEqge!??t, (16)

i



and the value of the total current density is obtained, which also contains
the common attenuation factor w, = N;q?/ ms, !

2
Jtot:J+d_D:[N1_q |
dt m v+ jw

17)

2 . .
:{—qu . +ja)}goEoeJa’t={ @e ija)}goEoert

Mgy v+ jo V+ o

The parameter ¢ in equation (17) is the part in constant
é=¢—-j(o/ w) that describes the monochromatic wave o ionosphere:

2 2
, . EqV
e=¢&q|1— ¢ - had ) 18
( wJ P2+ o?) (18)

The ionosphere in which collisions are not neglected acts as a
semiconductor with constants:

-
dielectric: ¢ = &, l—ﬁ ,
Vo +w
(19)
2
electrical conductivity: o = % .
v t+ow

For the velocity v =0, the conductivity is zero and the ionosphere can
be treated as a dielectric with an apparent dielectric constant if the impact
of collision of ions and the Earth's magnetic field component is neglected:

2 2
N
8280(1—%J280(1— 1qz J . (20)
Vo +w g m

Theory influence of ionized medium on EM waves was formulated by
Eccles-Larmour in the postulate that electric load is squared and that
charged particles, positive ions and negative electrons, have the same
effect on the apparent dielectric constant. The influence on propagation of
EM waves is inversely proportional to the mass of particles and the main
influence in the ionosphere has electrons-particles of lower mass. For a
free hydrogen ion, lightest+ion effect is 1830 times less than the effect of
an electron because it has 1830 electron masses. The influence of a free
ion of geocoronium is not known because its mass and charge of protons
and electrons are not known. If f —is the frequency of the m—-hr EM
wave, then the apparent dielectric constant is:
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£2
8=£’0£ —f%}, (21)

2
where f2 = —Nzlq :
4 egm

For low-conductivity dielectrics »Z is proportional to the number of
free electrons N; and the number n(z):

2

Voo
_—‘/ :>a—— : 22
2Cv +w? (22)

The attenuation factor «? (depending on nN,) is largest in the

ionosphere in which this product is greatest.
If collisions are ignored as for a monochromatic EM wave, the
following force components act on the ion:

- qE — force of action of the alternating electric field of the EM wave,

- 14p9-vxHy; — EM forces due to the movement of ions in the
unchanging magnetic field of the Earth,

- UpQq-V xH — force due to the movement of ions in the alternating
magnetic field of the EM wave.

In the ionized environment, H = 1 e EE and in accordance to the

Ho
2nd Newton's law, the equation of motion of ions is:

md—V:qE+yOq -V xHg +409 - WxH= qE+yOq v><|:H0+i\/ZE:|. (23)
dt Ho Ve C

Nikola Tesla was the first to realize that higher layers of the
atmosphere are important for the Earth's electrical conductivity due to a
stable line of conductivity and that the Earth resonantly oscillates at 6.2
and 30 Hz (according to measurements 8.14 and 20 Hz).

Tesla's principles of transmission using Super Low Frequency
Resonance, SNF, in the ionosphere, and NF waves (1-300 Hz) are used
to transmit radio signals. According to the assumption, the Sun as a source
of EM fields has two components: electric and magnetic, and the magnetic
poles of the Sun change their polarity every 22 years. According to
Maxwell's theory: the components of the electric and magnetic fields are
part of the EM field, and if there is one in space, there must be another
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component as well. Solar EM waves propagate towards the Earth through
several layers of the atmosphere at various speeds. The ionized layer of
the atmosphere has heterogeneous properties and the linearly polarized
EM wave is divided into two components of opposite directions of rotation
and natural velocities of propagation. The speed of propagation and the
refractive index depend on the orientation of the Earth's magnetic field
towards the direction of propagation of the Sun's EM waves.

Alternative theoretical model of the EM field of the
Earth by authors

The model is based on two hypotheses for the Earth's interior and on

two hypotheses for the EM field components:

— the interior is only a well-conducting medium for the strength of the
electric field generated by solar ion waves in the ionosphere and
exosphere,

— the interior is only a well-conducting magnetic medium for the
magnetic field created by solar ionic winds in the upper layers
(ionosphere exosphere),

— the first-electric is formed by the parameters of stable conductivity of
the solid Earth and the ionosphere; the higher layers of the Earth are
a good dielectric medium for the component of the electric field
generated by ionic winds and EM waves from the Sun in the upper
layers of the atmosphere (exosphere and ionosphere),

— the second-magnetic is formed by the parameters of the current of
stable conductivity of the solid Earth and the domain of the
ionosphere.

The Earth is only a well-conducting magnetic medium for the
magnetic field of solar ionic winds in the upper atmosphere (exosphere +
ionosphere with stable electrical conductivity parameters).

The total current density in addition to four basic ones also has two
new components (in the first Maxwell's equation):

Jiot = O +3D 1 8t + pV , + 0E g side + o-(\7 x I§)+ rot([3 x\7), (24)

where of —is the current density of conduction, 6D/ ét —is the current
density of dielectric conductivity, pv , —is the convection of free charges

and foreign field conductivity oE g siq » rot(f) ><\7)— is the density due to the

motion of polarized dielectric, and o-(\7>< é)— is the density of motion of the
medium with the velocity v in the field induction B.
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Any EM source in space, which creates components of the total
current Jio, Or currents generated during the movement of electrostatics

of a neutral body, is a source of EM energy because the propagation of
the current allows its transmission:

36 av="2 Py flE«)ds. 5

Equation (25) defines the principle of radiation or EM energy transfer
(J =Jiot)- The member on the left is the power of the radiation source and
on the right there are the members of its distribution and the propagation
of the current components J, in connection with the propagation of EM
energy. The system of fixed electrostatic loads determines the character
of the electrostatic field and defines a stationary field in the environments
where the electrical conduct|V|ty is equal to zero:

rotE = 0,divD = pgony » D = &,E . (26)

The electrostatic field is vortexless because rotE =0 at all points of
the field and E = —grade shows that the vortex-free potential field is shown
as a gradient of some potential function. The sign (=) means that the vector
E is directed from a point of higher to a p0|nt of lower potentlal In the
area where J.,,q =0, the magnetic field is: rotH =0, divB =0, B =z H .

Elementary electric and magnetic dipoles

The elementary electric source of radiation (Hertz's dipole) is a simple
system of EM wave radiation: a short straight conductor of the length | =d
connects two small spheres that alternately charge and empty and
maintain the time-varying current in the conductor, Figure 3.

The current and the load are connected by the relation i =dq/ dt and
the dipole length is small in relation to the wavelength of the emitting
waves. The current along the dipole is uniformly distributed (similar to the
effect of an AC generator that would maintain forced electrical oscillations
in the center of the dipole). For the electric and magnetic dipole model of
the Earth, the basic condition that the dipole model of the Earth
A7 =d — 0 is not realistic is not fulfilled, but the obtained solutions will be
useful for the development of a theoretically correct alternative model of
the Earth's EM field. The equations of magnetostatics and the equations
of electrostatics are identical for the domain p.,, =0. If the circulation in

the loop is | J'IHdI =0, the magnetic field in the area without conduction

=



current is potential. Similarly to the electrostatic field in a dielectric
according to Gauss's theorem, the strength of the magnetic field is

H=(B/ 19)—M, and the general form of Ampere's law is rotH = J . The
macroscopic magnetization of the medium has a dimension and a unit as
a vector H (on the surface S = |S|ﬁ of ferromagnets are Ampere surface
currents with the longitudinal density J,, =M xfi). Magnetization is
mathematically described by the equation:

- >m I A
MZW,m:Zmi:Z§§I-rxdr=§IAerJadV. (27)

Figure 3 — Earth as: a) elementary resonator of the electric component of the EM field, b)
Earth as a system that acts as an elementary dipole of the magnetic field (Bjelic, 2021b)
Puc 3 — 3emns kak: a) anemeHmapHbIl pe3o0Hamop arekmpu4eckol cocmasnsoujel
OM nons, 6) 3emns kak cucmema, komopasi eedem cebs
Kak anemeHmapHbIl dunons MaeHumHozo nons (Bjelic, 2021b)

Cnuka 3 — 3emsba Kao: a) efleMeHmapHU pe3oHamop efieKmpu4yHe KomrnoHeHme EM
nosba, 6) 3emrba Kao cucmem Koju ce rnoHawa Kao efieMeHmapHuU Ournosi MagHemHo2
noswba (Bjelic, 2021b)

In the domain where the density of the conductivity current is equal to
zero, the magnetic field is: rotH =0 and the field strength is a degradant

of some scalar function ¢ _, H = —grade _ . The vector field B is always

vortexless (without original dive = divo(H +M)=0, divH = —divM ). If the
operation div is applied:

divH = —divgrad g, = -Ag,,, (28)

)
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where divM = Ag,, .

By introducing the density of the magnetic pseudomass
Pm = divM = —divH , equation (28) can be written as for the electric scalar
potential without parameters 1/ &, on the right side (Laplace and Poisson
equation):

Apm =—Pms Ap=—(p/ &). (29)

The solutions of both equations with a negative sign must have the

same form:

1p 1¢p
== [Pmgy v, == [Pmgy
Pm 472-\-[ R Ho 47[{[ R (30)

Magnetic dipoles and resonators are fictitious quantities (not real), but
their use is justified because closed and alternating currents in closed
contours and permanent magnets can be replaced by equivalent linear
magnetic currents and concentrated magnetic loads.

The missing components for a full symmetry of electrical and

magnetic quantities are introduced into Maxwell's equations: JJ

outside —
foreign magnetic current and pJsiqe — fOreign magnetic load.

The rotor of the magnetic field strength in the first Maxwell's equation
can be equal to the sum of several components of the total current density:
conductivity currents, dielectric displacement currents, and foreign source
currents.

The rotor rotH in the 2nd Maxwell's equation can be equated with a
similar sum of current densities (inverse): displacement magnetic currents

iwB , magnetic conductivity currents and foreign source currents.

If the volumetric densities of magnetic loads are introduced in the 4th
equation, it becomes symmetric with the 2nd Maxwell's equation. With
these additions, the system of equations becomes pairwise symmetric
(Petkovi¢, 2016):

rotH = iwz,E + Jg (1), rotE = —iwfi,H — I (2), -
. . 31
ER0IVE = piy (3), ZadivH = pgy (4).

Although experiments still have not confirmed the existence of
magnetic loads in nature, the symmetrical form of Maxwell's equations has
become attractive. Magnetic currents and loads in equations as well as
electric currents and static loads are related by continuity equations in the
system of Maxwell's equations.

=



Invariance of equations and replacement of electrical
and magnetic quantities

In equation (31), all electrical quantities can be replaced by magnetic
ones, and magnetic ones by electric ones. With respect to certain rules for
signs, without changing the coordinate system and the system of
Maxwell's equations, Figure 4.a,b, the quantities only change places in
pairs: the vector E with the vector H, where the flux of EM energy,
defining the Pointing vector I1=E xH , remained unchanged.

E w T b

E

n

Figure 4 — Pointing vector I is determined by: a) electrical and magnetic quantities,
b) their invariance
Puc 4 — Bekmop lNolinmuHaa onpedensemcs: a) 31eKmpu4eckKuMu U MagHUMHbIMU
gernuyuHamu, 6) ux UH8apUaHMHOCMbHO

Cnuka 4 — MouHmureoe gekmop T1 odpehyjy: a) enekmpuydHe U MagHemHe 8efuyuHe,
6) Huxosa uHeapujaHmHocm

Equation (2) of system (31) rotH = iwZ,E + Joyige PASSeS into (1) if it
is £, replaced by 7., and J,q4 replaced by —J™...,. From equation (2)
of system (31) equation (1) can be obtained if it is z, replaced by &, , and
—Jm .4 and replaced by J, 4. The rules are similar for the replacement

of electrostatic and magnetic load parameters divB =0 in (3) and (4)
equations divD = p. Common rules in the process of changing the values

of parameters and sizes are:
E->H,Jo>I" popn, 8. < Mg,
. (32)
HoE,J" 5], Pm —> P Eq < Iy -
The principle of permutation and invariance are the properties of
Maxwell's equations: The source of the EM field can be foreign: electric
Joutsig @nd similar magnetic currents —J.;4- If solutions of variant 1 are

known, the solution of variant 2 is determined by applying the second
substitution &, < u, rule in wave impedance:

=
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- E jou
Zu =[2afel =2 (33)
The principle of permutation in Maxwell's equations was first applied
by A.A. Pistolkorso also gave a pre-message for solving physical fields in
infinite space. This principle is used in solving the problem of the Earth's
magnetic field, because the universe is a sphere with the infinite radius
R — o0, which is also the outer boundary surface of that sphere. The
monochromatic EM field is defined in the infinite domain unambiguously if:
— there are electrical or magnetic losses at every point in the domain of
the physical environment,
— the field source is given in the domain of the environment and the EM
field weakens infinitely faster than the value 1/ R",
— there are the tangential components E or H on the inner side of the
boundary surface of the area,
— all field sources are at the final distance from the coordinate origin.

A magnet is considered to be analogous to a dielectric, although a
magnetic conductor similar to an electrical conductor does not exist - there
are no magnetic conductors (Pordevi¢ & Ol¢an, 2012). The EM field on
the Earth and in its atmosphere can be formed by elementary
electromagnetic dipoles radiation sources in two variants, as:

— aresonator of the electric component of the EM field, and

— a system in which the Earth acts as an elementary magnetic dipole

and a source of magnetic field.

Any source in space, capable of creating the total current J,,, is a
source of EM energy radiation because the propagation of total current
components is related to the transmission of EM energy. Problems in
electrostatics are easier to solve if the potential ¢ is used instead of the

vector E and the relationship between the components of field strength
and potential in the Cartesian system are the equations:
op Op Op
E :__’E :__lE =
XY eyl Tt oz (34)
By introducing the equations of the components into the differential
form of Gaussian theorem, Poison equation becomes:
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2 2 2
(5_40) +[5_¢’) +(5_¢’) __~. (35)
OX oy oz &o

and it determines the relationship between the scalar potential and the
electrical load density.

The general form of Poisson equation is obtained by substituting
divE = p/ & When E is substituted by E =-gradp and then
divgrade = —(p/ &,) in the domains where there are no electrical loads
p =0. Then for divgradep =0 one obtains:

2 2 2
% + % + %9 =0. (36)
oX oy 0z
divgrade refers to the square of the Laplace operator A=V? (nabla

Hamilton operator). Poison equation Ag =—-p/ &, combines the potential
and charge densities of a field at a point in the field.

The electric field strength of dielectric and metal loaded and unloaded
spheres in an external homogeneous electric field of strength is E,.

Poisson equation in the spherical coordinates is:
10 za(pJ 1 a(. a) 1 %
quz——(r — |+ —|sined— [+ ————. 37
r2or o) r?sinag Oa da) r?sin?a op? (37)

Dielectric sphere: The potential at any point of the field depends on
all the charges that create the field, and not only on the free ones, and
therefore equation (37) is used to solve electro- and magnetostatic fields.
Laplace equation was first used to describe the potential fields of celestial
mechanics and then for EM fields. In domain V , Figure 5, three charge
densities can be distributed and the field is created by three components:

— volumetric— p#0, p-dV = 0 inthe volume; p-adv ;

47 1
. n-dS
— surface — n #0, n-dS = 0 on the surface; ,
A7 1

— linear— 7 #0, 7-d¢ =0 on the line; r-a )

4re o1
(570
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WAL E,

Figure 5 — Effect of a foreign electric field EO on a dielectric sphere
Puc 5 — Boadelicmeue nocmopoHHe20 3/1eKmMpUYeCcKo20 r1osist EO

Ha OuanIekKmpuYecKyro ceepy
Cnuka 5 — [lejcmeo cmpaHoe eniekmpuy4Hoe rnosba EO Ha duenekmpuy4Hy cehepy

In a spherical system, the field is symmetric and the potential
components at the point r = 0 are calculated in accordance with:
= _E op = 4P q
E=E, =—T < p=—|E-dr = +C.
' or 4 -[ A o, (38)
The functions p = p(r), n=n(r) and z=z(r) are not known, which
makes integration difficult and rarely used.
The value of the potential is the sum (integral) of the elementary
components of the potential of all charges:
1 J‘p-dV n 1 J'ﬂ-d5+ 1 J‘T-dfl
Amay T Amag 1 A 4 r

¢ = (39)
l

The assumptions are: at infinity, the potential is equal to zero and all
charges that can create a field are distributed in the domains of defined

limits. The foreign field E, of the direction (- z) acts on the sphere. Near

the sphere, the field is deformed and not homogeneous which depends on
£, the size of sphere and the load q on the sphere.

Metal (conductive) sphere: The field lines come to the boundary
surface at right angles.

If there was no previous charge on the sphere, the charge generated
by electrostatic induction is distributed on the surface of the sphere, and
the field lines end or begin with these charges. The metal sphere can be a

<>



carrier of additional charge, which is also distributed on the boundary
surface.

Under the influence of a foreign electric field, the dielectric sphere will
be polarized, and due to the influence of the charges created by the
polarization of the dielectric, the foreign electric field E, is deformed. The

shape of the field lines on the surface depends on the boundary conditions
in the spherical system, ie. on the conditions-equality:

— tangential components of the field strength at the boundary surface

Ei. = Eq , the index i for the internal space, the index e for the

external space, which arises from 3([ Ed/ =0 field domain,

— normal components of electrostatic induction (according to Gauss's
theorem).

If a sphere is a dielectric and there are no free charges on it, Laplace
equation must be integrated to solve the field in the sphere. The field
strength and potentials of the charged dielectric sphere are calculated
according to Gauss's law and the solutions are given in Table 1.

Table 1 — Field strength in the sphere
Tabnuya 1 — HanpsixeHHOCMb 311€KmMpuUYecKo20 Mosisi 6Hympu cgepbi
Tabena 1 — Ja4yuHe erlekmpuy4HoO2 nosba Ha cehepu

a =0, Field Equator & =90° a =1809, Field strength,
strength, N pol Field strength S pol
Er1=-3E
_ _ _ B 3 3).. _ R1 0 _
Er1=-38Eg|E, =0|ERr1e =0 Ea—EO(l—RllRl)Slna—O E, -0 E, =0

In the conductive sphere, E =0 and ¢ = const.:

¢)M(I’)=C1/I’+C2, 01:A1A4, C2 :A2A4. (40)
The solution of the first part of the equation is:
1 o[ 2oM(r) dM o d*M(r)
[ =por2r—+r =p. 41
M(r)ar[ or } P ar gz P (41)
By applying the Euler shift, the following was obtained:
dm 21 d?M
M=Cr", = =ncr"?, =Cn(n-1)"2. 42
- S -cn(n-1) (42)

By replacing the derivative in the equation:
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2rnCr" 4 r2Cn(n-1r"2 =pcCr” or n?+n-p=0, (43)
the roots of the quadratic equation are obtained: n;, = —% %-ﬁ- p.
The value for p is determined if it is adopted that N=Bcos« :
1 d (. dN) -2Bsinacosa
— a—|= : =—pep=2. 44
N(a)sina da( daj Bcosasina PP (44)

Substituting p in the root of the quadratic equation gives N, =12
and the solution for that part of the potential is:

N =(C3r +C4/r2)cosa. (45)
The general solution for both parts is:
o= +oN =(C,/r)+C, +(C3r +C4/r2)cosa. (46)

The constants C,, C,, C; and C, determine the type of a sphere:

conductive, dielectric or magnetic. The conditions on the boundary surface
are important for determining the constants conducting a sphere in a
foreign field. Very distant points can be conditionally considered to be
infinitely distant. The field of an unloaded dielectric or metal sphere in a
foreign electric field is defined by Laplace equation (there are no free
charges in the sphere and outside it).

Model of a dielectric sphere in a foreign homogeneous electric field:
For an electrostatically unloaded dielectric sphere, the solution is
determined from the general solution of equation (46), and the potentials
and the constants have an index i for internal space, and e for external
space (Dziewonski & Anderson, 1981):

?, =%+C2i +(C3ir +C—‘;)COSC¥, (47)
r
Pe = CTIE +Coe +(C3er +%) cosa (48)

Eight constants are determined. The potential ¢ for r and r -« is
@ =@, + Egr cos « . After replacement in equation (48), we get C,. = ¢p,
Cse = Eq. For a point charge, the field strength is E =q/ 47 -gy¢,r? and
the potential is:
¢ =—[Edr =(q/ 47 - 505,1)+C. (49)

<



Analogously, a component C,, / r is a component of the total charge
of a sphere. If there is a total of electricity sphere g =Q =0 in the equation
for ¢, this constant is equal C,, =0. The constant C,, is determined
from:

Vo = 0o + (Eor +Cyhe / rz)COSa. (50)

The potential in the dielectric ¢; is the final value for all points C;; =0,
C, =0. If there were C;; # 0, the component in the center of the sphere
Cy / r for Ry =0 of the sphere would be infinite. The constants C,,; for the
potential in the field of spheres and the potential in the outer domain C,,
of the field are equal to the constants for the outer domain C,; =C,. = ¢ .
The potential in the dielectric is: ¢ = ¢y + Cs;ir cosa . The constants C,,
and C5; are determined from the boundary E;; = E.; conditions. From the
equations of the potential ¢, and ¢; for r =R; (this is a condition
equivalent to the condition), it follows:

CaiR, = EoR, +(C, / R2). (51)

From the equality of normal electrostatic inductions at the limit, there

|S Dln = D2n .

. [%J _ (%j

I e !
o J)i_gry o Ji_r,
(52)
2C

& (Cai)r_p, = 5e{Eo - %J -
r=Rq

The potential in the dielectric, given the common solution of these two
equations, is:

3¢ Ea — &
Cy =Ej——°  C, =C,o =R3E, —& 1|
3 =Fog, 4, G4 =Cee =Rikog —n (53)
fEg e _ g B |1-2fe =60 |, (54)
2e, + & 2e, + &

For the selected spherical coordinate system, the potential
component in the dielectric is:

= +Er3#003a— +E 3#z Z=rcosa 55
@ =% *Fo 25, + & %o 026, +& - (59
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The electric field strength in the dielectric is:

o, 3¢
E, =—¢ =-F,—¢ .
z 0z 0 280 + & (56)
The strength of the field E has the direction of the axis z, it does
not depend on the coordinate and the field is homogeneous. The dielectric
potential:

R3 ¢ —&
=@y +Eq|r+—2—-2 """ |cosa, 57
Pe Po 0( r2 289‘*‘&} ( )

or 3

o, 2R3 &, ¢
Em:‘_izE{‘“TLz?:jJWS“
e |

(58)

oe

r oo 3

3 —z
100 g (1 R ema g,
r 286+5i

For Q=0 on the surface of the sphere, there is r=Ry,
E, =-3Eycosa i.e. E, the components at all points on the sphere are
three times larger than the components of the foreign field.

Conclusion

The field of a statically unloaded sphere that has no free charges is
dielectric and is located in a foreign electric homogeneous field defined by
Laplace equation. In the new model, equation (29) is used, but eight
integration constants must be determined (in the sphere — index i, and
outside the sphere — index e).

The conditions on the boundary surface are important for determining
the constants conducting a sphere in a foreign field. Very distant points
can be conditionally considered to be infinitely distant. The field of an
unloaded dielectric and metal sphere in a foreign electric field is defined
by Laplace equation (there are no free charges in the sphere and outside

it).
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PYBPUKA TPHTW: 37.15.00 N'eomarHeTam 1 BbiCOKME criomn atMmocdepsbl
B[O CTATbW: opurnHansHasa Hay4yHasi ctaTbs
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Beedenue/uyenb: B 0OaHHOU cmambe ornucaHa arnbmepHamueHasi
meopemuyeckasi Molerib OM nonsi 3emnu, ocHo8aHHast Ha 2uromesax o
dgyxkomrnoHeHmHocmu. Cmambsi COCmoum U3 HEeCKOJIbKUX 4Yacmel, 8
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00HOU U3 Komopsbix npedcmaesneHa MoOerb, rokasbigarolasi epalieHue
MazHumonpoegodsiwell cgepbl ¢ HamazHU4YeHHocmbo M 80 eHewHem
MasHumHOM nosnie. B nocnedneli 4yacmu cmambu npedcmasneHbl
meopemuyeckue modesnu pacyema COCMasssiouUX
37IEKMPOMAagHUMHO20 101151 3/1eKMPOrpPo8odsiuiuUx, OUINEKMPUYECKUX U
MazHUmonpoeodsawux cgep, Komopble rodgepaaromcsi 8030elicmauro
10CMOPOHHE20 3/1EKMPOMAazHUMHOZ0 r10JIS1.

Memodbl: B cmamee aHanumu4eckum MemoOom Obiniu uccrie0o8aHhb!
OMKJIIUKU 371eKmMponpoeodsLuX, OuaneKmpu4ecKux u
Ma2HUMOorpo8oosaLUX copep Ha so3delicmesue 8HeWHUX
aNeKmpoMazHUMHbIX rnosned.

Pesynbmamai: [MonyyeHHbIe peweHUsi 8 sude aHanumu4eckux ¢hopmyii
6ydym npumeHsiImbCcsl 8 uccriedosaHusix eosdeticmeust OM nons ConHua
Ha nnaHemsbl U 0CObeHHO Ha 3emrio.

BbigoObi:  [lonydeHHble  QOpMynbl  HanpspKeHHocmu U UHOYKuUU
37IEKMPUYECKO20 U Maz2HUMHO20 Mosnel U UX PeweHUsi npuMeHUMbl K
3/16KMPOrpPO8OOHbIM,  OUINIEKMPUHECKUM U Mas2HUMmornposoosauum
cghepam, a o cpasHeHUHo C U3BECMHbBIMU (hOpMyiaMu OHU OMIu4atomesi
rnpocmomol u bosbuwell MOYHOCMbIO.

Kniouesble  crnosa:  meopusi, Modesnb,  371IeKMpoMaz2Hemu3m,
KOMIMOHeHMbI, cghephbi, spawieHue, MazHUMmHoe rorie.

AnTepHaTMBHU Teopujckn mogen 3emrbmnHor EM nosrba 3acHoBaH Ha
Xurnotesama o ABe KOMMOHEHTe nosba

Cno6odaH H. Bjenuh?, Henad A. Mapkosuh®
a¥YHuBepanteT y MNpuwtnHn — Kocoscka Mutposuua,
dakynTeT TexHU4knx Hayka, KocoBcka MuTposuua, Penybnuvka Cpbuja

6 AkafiemMmja CTPYKOBHUX CTyOmja KOCOBCKO MeToxujcka, Opacek Ypoluesal, —
Jlenocasuh, Penybnuka Cpbuja, ayTop 3a npenucky

OBJIACT: Teopujcka eneKkTpoTEXHMKA, eNneKkTpoMarHeTuka
KATETOPWJA (TWIM) UNAHKA: opyruHanHm Hay4yHu pag

Caxemak:

Yeod/yurs: Y pady je onucaH anmepHamueHU meopujcku modern EM riorba
3emrbe 3acHogaH Ha xurome3ama o dge KOMroHeHme. Y jeOHom derny
pada wmoden rpukasyje pomauujy MasHemHo npogodHe cghepe
MasHemu3auuje My cmpaHoM Maz2HemHoM rosby. Y nocriedsem Oeny
OecbuHucaHU Ccy meopujcku Molenu 3a popavyyH KOMIMOHEHMU
efleKmpomMazHemHo2 Mosba e/IeKMPUYHO MPOBOOHe, OuerieKmpuyHe u
MagHemHO rpoeodHe cghepe Koje Cy U3JIOXeHe ymuuyajuma cmpaHoe
erieKmpomMazHemHoe rnosba.
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Memode: Ananumudkum Memodama ucmpaxueaHu Ccy 003usu
€/1eKmMpPUYHO NPo8oOHe, OUeIeKMPUYHE U MagHemHOo rposodHe cghepe Ha
ymuuaje criorbHUX EM norba.

Pesynmamu: [obujeHa pewera y 0bruKy aHanumu4dkux gpopmyrna buhe
rpumerbeHa 3a ucmpaxusare ymuuaja EM norsa CyHuya Ha rinaHeme u
rnocebHo Ha 3emsby.

Sakrbyyak. [JobujeHe chopmyrne jaduHe u UHOYKUUje erneKkmpu4Hoz U
MazHemHo2 rfosba U HUXoea pewera Mo2y ce MpUMEHUmU Ha
€/1EKMPUYHO MPOBOOHY, OUEIEKMPUYHY U Ma2HEMHO rPo8odHY cehepy U,
y 00HOCy Ha no3Hame ¢hopmyre, jeOHocmasHe cy U madHuje.
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Abstract:

Introduction/purpose: The paper presents a new state-of-the-art method
that involves NASA satellite imagery with the latest deep learning model
for a spatiotemporal sequence forecasting problem. Satellite-retrieved
aerosol information is very useful in many fields such as PM prediction or
COVID-19 transmission. The input data set was MODAL2 E AER _OD
which presents global AOT for every 8 days from Terra/MODIS. The im-
plemented machine learning algorithm was built with ConvLSTM2D lay-
ers in Keras. The obtained results were compared with the new CNN
LSTM model.

Methods: Computational methods of Machine Learning, Artificial Neural
Networks, Deep Learning.

Results: The results show global AOT prediction obtained using satellite
digital imagery as an input.

Conclusion: The results show that the ConvLSTM developed model
could be used for global AOT prediction, as well as for PM and COVID-19
transmission.
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Introduction

Technological development together with rapid development of informa-
tion technologies forms a modern basis for various scientific disciplines.
One of such disciplines is Environment and Environmental protection. In
recent decades, the development of remote sensing and open access of
satellite images, as a part of the big data revolution, has provided scien-
tists with a new opportunity for their research (Lin et al., 2018; Wang et al.,
2013). One of many remote sensing applications is satellite data sets of
aerosol optical thickness (AOT) or aerosol optical depth (AOD) (Shi et al.,
2020; Wei et al., 2020). It is the same measurement that may be made
from the ground using a sun photometer or from satellites like Moderate
Resolution Imaging Spectroradiometer (MODIS) on NASA's Terra satellite.
Satellite measurements of aerosols are based on the fact that particles
change the way the atmosphere reflects and absorbs visible and infrared
light.

Today, scientists use arrays of satellite, aircraft, and ground-based in-
struments to monitor aerosols. The key quantity they report on is AOT, a
measure of the amount of light that aerosols scatter and absorb in the at-
mosphere (Filonchyk et al., 2019). AOT is the fundamental measurement
of quantity and distribution of aerosols. The Sun provides the energy that
drives Earth’s climate, but not all of the energy that reaches the top of the
atmosphere finds its way to the surface. That is because aerosols, and
clouds seeded by them, reflect about a quarter of the Sun’s energy back to
space (Colbeck & Lazaridis, 2013).

AOT is a measure of in what amount airborne particles prevent light from
traveling through the atmosphere. Aerosols absorb and scatter incoming
sunlight, thus reducing visibility and increasing optical thickness. An optical
depth of less than 0.05 indicates a clear sky with relatively few aerosols and
maximum visibility, whereas a value of 1 indicates hazy conditions. Optical
depths above 2 or 3 represent very high concentrations of aerosols.

Aerosol particle pollution, i.e. airborne solid particles and liquid droplets,
comes in a range of sizes. Particles smaller than 2.5 micrometers pose
the greatest risk to human health because they are small enough to be
breathed deep into the lungs and, in some cases, to enter the bloodstream.

G

Mirkov, N. et al, Satellite remote sensing and deep learning for aerosols prediction, pp.66—83



Eﬁ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2023, Vol. 71, Issue 1

These fine particles, about 30 times smaller than the width of a human hair,
are also a major cause of poor visibility. Different specialists describe par-
ticles based on their shape, size, and chemical composition. Toxicologists
refer to aerosols as ultrafine, fine, or coarse matter. Regulatory agencies,
as well as meteorologists, typically call them particulate matter PM, 5 or
PM,q, depending on their size. In some fields of engineering, they are
called nanoparticles. The media often uses everyday terms that hint at
aerosol sources, such as smoke, ash, and soot (Nikezi¢ et al., 2017).

Aerosols or airborne particulate matters (PM), which originate from both
natural and anthropogenic emission sources, substantially influence the cli-
mate, environment and human health. Satellite remote sensed AOT repre-
sents columnar aerosol loading of the atmosphere and can be empirically
converted into PM mass as the primary predictor (You et al., 2016). In
literature review of the related work, there are studies that show a connec-
tion and a relationship between aerosols and PM prediction (Elperin et al.,
2017; Kumar et al., 2007). It follows that the model presented in this study
can also be applied to forecast PM and not only AOT.

Data and methodology

In the era of big data, to find the right piece of data as well as to prepare
it for use, is quite a challenge. With globalization and the Internet many
data sets are available as open sources. NASA's data policy ensures that
all NASA data are available fully, openly, and without restrictions. Satellite
imagery from NASA Earth Observations (NEO) is available for bulk down-
loading and analysis. The resolution of satellite images varies depending
on the instrument used and the altitude of the satellite’s orbit. Different
global data sets are represented with daily, weekly, and monthly snapshots,
and images are available in a variety of formats.

Scientists use measurements from the MODIS sensor aboard NASA’s
Terra and Aqua satellites to map the amount of aerosol that is in the air
all over the world. Because aerosols reflect visible and near-infrared light
back to space, scientists can use satellites to make maps of where there
are high concentrations of these particles. Although most aerosols remain
suspended in the atmosphere for short periods, typically between 4 days
and a week, they can travel vast distances. Particles moving within the
atmosphere at 5 meters per second will travel thousands of kilometers in a

week.
Cor



Figure 1 — AOT from Terra/MODIS on 2021-07-12
Puc. 1 = AOT om Terra/MODIS Ha 12.07.2021 .
Cnuka 1 - AOT ca Terra/MODIS Ha 0aH 12.07.2021.

Dust plumes from the Sahara frequently cross the Atlantic and reach
the Caribbean. Winds sweep a mixture of Asian aerosols - particularly
dust from the Gobi Desert and pollution from China - eastward over Japan
and toward the central Pacific Ocean. Smoke from wildfires in Siberia and
Canada can find its way to the Arctic ice cap.

NEO data sets are available in RGB as PNG files among other formats
and all files are at full NEO resolution (3600x1800 pixels). Fig. 1 shows
one sample of the data set MODAL2_E_AER_OD which presents global
AOT for every 8 days from the Terra/MODIS (NASA NEO Nasa Earth Ob-
servations, 2022a; NASA NEO Nasa Earth Observations, 2022b). Optical
thickness of less than 0.1 (palest yellow) indicates a crystal clear sky with
maximum visibility, whereas a value of 1 (reddish brown) indicates very
hazy conditions.

The MODIS aboard NASA's Terra and Aqua satellites is used to monitor
AOT over most of the globe (oceans and the moist parts of the continents)
on a daily basis, every 8 days and monthly. The MODIS is used to moni-
tor aerosols’ mass concentration, optical properties, and radiative forcing.
MODIS’ aerosol information is used to study aerosol climatology, to monitor
the sources and sinks of specific aerosol types (such as sulfates and other
industrial/urban aerosol and biomass burning aerosol), to serve as inputs
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for climate modeling and detection of the fingerprints of anthropogenic cli-
mate change, and to perform atmospheric corrections of remotely-sensed
surface reflectance over the land. By (Kumar et al., 2007) MODIS’ aerosol
information can be used for PM prediction. The report by (Lin et al., 2018)
states that the estimation of PM, 5 concentrations from AOT requires a ver-
tical correction and a humidity correction. Except for the prediction of AOT
and PM, MODIS’ aerosol information can be used for COVID-19 transmis-
sion (Tang et al., 2020; Zoran et al., 2021; Eleftheriadis et al., 2021). By
(Zoran et al., 2021) it has been more than one year since the first cases
of the new coronavirus variant SARS CoV-2 that invades host cells using
an endocytic pathway were detected in Wuhan, Hubei province in China.
This coronavirus is a new enveloped virus positive-sense, single-stranded
RNA with roughly spherical or moderately pleomorphic virions of approx-
imately 60—-140 nm with an average to 0.1 um in diameter (Zoran et al.,
2021). Several epidemiologic studies linked exposure to ambient air pollu-
tion with PM and gaseous pollutants and occurrence of numerous respira-
tory viral infectious diseases transmission during several seasons (Zoran
et al., 2021). Under laboratory conditions, it was demonstrated that there
is a long time viability of SARS-CoV-2 in ambient aerosols, as an impor-
tant source of COVID-19 transmission (Zoran et al., 2021). The report
by (Tang et al., 2020) presents prevention and control countermeasures
to reduce the potential aerosol transmission under different occasions be-
cause current evidence on SARS-CoV-2 has limitations, but is strongly in-
dicative of aerosols as one of several routes of COVID-19 transmission
(Tang et al., 2020). The present study takes satellite-retrieved AOT from
MODAL2_E AER_OD which presents the snapshots from the year 2000
to present time on every 8 days (NASA NEO Nasa Earth Observations,
2022a; NASA NEO Nasa Earth Observations, 2022b). This data set is
input data in the used deep learning (DL) model. The promise of DL is
that it can solve complex problems automatically, faster and more accu-
rately than a manually specified solution and at a larger scale. Traditional
time series forecasting methods focus on univariate data with linear rela-
tionships and fixed and manually-diagnosed temporal dependence. Neural
networks add the capability of learning possibly noisy and nonlinear rela-
tionships with arbitrarily defined but fixed numbers of inputs and outputs
supporting multivariate and multi-step forecasting.

T



DL is part of a broader family of ML methods based on artificial neural
networks (ANN) with representation learning. In DL, a convolutional neural
network (CNN, or ConvNet) is a class of ANN, most commonly applied to
analyze visual imagery. In a CNN, the input is a tensor with the shape:
(number of inputs) x (input height) x (input width) x (input channels). After
passing through a convolutional layer, an image becomes abstracted to a
feature map, also called an activation map, with the shape: (number of in-
puts) x (feature map height) x (feature map width) x (feature map channels)
(Valueva et al., 2020; Vaddi & Manoharan, 2020). A common application
of a CNN is to extract spatial information from images.

Recurrent neural networks (RNN) add the explicit handling of ordered
observations and the promise of learning temporal dependence from con-
text. Long Short-Term Memory (LSTM) networks are a type of RNN that
are capable of learning the relationships between elements in an input se-
quence. LSTM can process not only single data points (such as images),
but also entire sequences of data. LSTM networks are well-suited to classi-
fying, processing and making predictions based on time series data, since
there can be lags of unknown duration between important events in a time
series (Hochreiter & Schmidhuber, 1997).

Spatio-temporal prediction (STP) in DL is usually done by a CNN and
LSTM where a CNN (Convolution2D) serves well for capturing image or
spatial features, whilst LSTM is used to detect correlations over time (Dey
et al., 2021). However, by stacking these kinds of layers, the correlation
between space and time features may not be captured properly. To solve
this, the authors in (Shi et al., 2015) proposed a network structure capa-
ble of capturing spatiotemporal correlations, namely ConvLSTM (Shi et al.,
2015). In Keras, this is reflected in the ConvLSTM2D class, which com-
putes convolutional operations in both the input and the recurrent transfor-
mations to capture spatiotemporal data at the same time. ConvLSTM2D
is a Recurrent layer, just like LSTM, but internal matrix multiplications are
exchanged with convolution operations. As a result, the data that flows
through the ConvLSTM cells keeps the input dimension instead of being
just a 1D vector with features (Shi et al., 2015; Donahue et al., 2015; Hu
et al., 2020; Valueva et al., 2020). The main difference between ConvL-
STM and LSTM is the number of input dimensions. As LSTM input data is
one-dimensional, it is not suitable for spatial sequence data such as video,

G

Mirkov, N. et al, Satellite remote sensing and deep learning for aerosols prediction, pp.66—83



Eﬁ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2023, Vol. 71, Issue 1

satellite, or a radar image data set. ConvLSTM is designed for 3D data as
its input.

Deep Learning Model

Shapes of the required input and output data for individual layers may
vary with different types of layers used in the Deep Neural Networks. There
are many possibilities to manage and manipulate data shapes through the
network to achieve the desired goal. For reshaping data between two lay-
ers, we can use additional Reshape layers with the condition that the num-
ber of elements that are reshaped stays the same. If we need to add time
steps for recursive purposes, we can add a TimeDistributed layer. Also, in
the existing recursive layers like LSTM and ConvLSTM, there are attributes
called return_sequences that allow that layer input and output data stay in
the same shape for next layer.

The data input shape for an LSTM layer is always in the form (samples,
time steps, features) that is a 3D tensor, and its output is the same with
the option return_sequences = True. When this option is False, the output
is in the form (samples, features). Considering that ConvLSTM combines
the performance of both Conv and LSTM layers, its data input shape is
(samples, time steps, rows, cols, channels), that is a 5D tensor. Its output
with the option return_sequences = True has a similar 5D shape except that
the number of channels becomes the number of filters. When this option
is set to False, time steps are restricted (Xavier, 2019).

The DL model used in this study consists of 3 x ConvLSTM2D layers
and the final layer Conv3D as an output. The Conv3D layer creates a con-
volution kernel that is convolved with the layer input to produce a tensor of
outputs, i.e. height, width, and channel of the image. The ConvLSTM2D
layer was followed by Dropout and BatchNormalization. In ML, early stop-
ping is a form of regularization used to avoid overfitting and it was used in
the model with a Reduce learning rate when a metric has stopped improv-
ing. The DL model is done in Keras. Keras is an open-source software
library that provides a Python interface for artificial neural networks. Keras
acts as an interface for the TensorFlow library.

The input data set was MODAL2_E_AER_OD, a set of PNG satellite-
retrieved images from 2000-02-18 to 2021-09-14 on every 8 days (993
snapshots in PNG format with 3600x1800 pixels resolution). The im-
ages were resized to 288x144 pixels (hardware could not support origi-
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nal resolution of images), converted to JPG, normalized by dividing with
255 and stored in the NumPy array with a sequence of 10 frames.
MODAL2_E_AER_OD data set was split on train and test subsets. The
train/test ratio during the testing phase was 70/30, 80/20 and 90/10. The
optimum was achieved with the 80/20 train/test split.

After many trials and tests, it was concluded that the most optimal result
was obtained for the batch size=5 and epochs=50. Also, the best results
gave the activation function 'hard_sigmoid’ for the Conv3D layer and the
optimizer’adam’ (learning_rate = 0.001) for a model compile. An activation
function is a mathematical gate between the input feeding the current neu-
ron and its output and the idea of activation functions is derived from the
neuron-based model of the human brain which consists of a complex net-
work of biological neurons in which a neuron is activated based on certain
input from the previous neuron.

As part of the optimization algorithm, the error for the current state of
the model must be estimated repeatedly. This requires the choice of an
error function, conventionally called a loss function, which can be used
to estimate the loss of the model so that the weights can be updated to
reduce the loss on the next evaluation. A regression predictive modeling
problem involves predicting a real-valued quantity, so, for the loss function,
the Mean-Squared Error (MSE) was used, and for the metrics Root-Mean-
Squared Error (RMSE). Figure 2 depicts the used DL model.

After the process of DL model training was finished, prediction of the
first image from the test dataset was done and it was compared with the
original first image from the test dataset. This type of prediction is known
as sequence-to-one and it is possible to predict more images (sequence-
to-sequence type of prediction) (Nikezi¢ et al., 2022).

Results and discussions

The saved DL model was loaded to predict the first image from the
test dataset, Fig. 3a. Fig. 3b shows the original first image from the test
dataset.

The evaluation of the DL model is based on the evaluation metrics i.e.
MSE=0.0116. The MSE is always positive regardless of the sign of the
predicted and actual values and a perfect value is 0.0 while the range is
from zero to infinity. These results prove that the proposed ML model can
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input: | [(None, None, 144, 288, 3)]
output: | [(None, None, 144, 288, 3)]

conv Ist m2d 3 input: InputLayer

) J
input: (None, None, 144, 288, 3)

output: | (None, None, 144, 288, 32)

conv_lst m2d_3: ConvLSTM2D

input: | (None, None, 144, 288, 32)

dropout_3: Dropout
output: | (None, None, 144, 288, 32)

A 4

input: | (None, None, 144, 288, 32)

batch_normalization_3: BatchNormalization

output: | (None, None, 144, 288, 32)

Y
input: | (None, None, 144, 288, 32)

output: | (None, None, 144, 288, 32)

conv Ist m2d 4: ConvLSTM2D

input: | (None, None, 144, 288, 32)
output: | (None, None, 144, 288, 32)

dropout_4: Dropout

A J

input: | (None, None, 144, 288, 32)

batch_normalization_4: BatchNormalization

output: | (None, None, 144, 288, 32)
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Y
input: | (None, None, 144, 288, 32)

output: | (None, None, 144, 288, 32)

conv_Ist m2d_5: ConvLSTM2D

input: | (None, None, 144, 288, 32)

dropout_5: Dropout
output: | (None, None, 144, 288, 32)

input: | (None, None, 144, 288, 32)

batch normalization 5: BatchNormalization

output: | (None, None, 144, 288, 32)

Y
input: | (None, None, 144, 288, 32)

output: | (None, None, 144, 288, 3)

conv3d_1: Conv3D

Figure 2 — Plot of the ConvLSTM model graph
Puc. 2 — UsobpaxeHue epagha modenu ConvLSTM
Cnuka 2 - lNpukas epagha ConvLSTM modena

<>




be used for AOT forecasts. Figure 4 shows the line plots of loss over 50
training epochs.

0 50 100 150 200 250

0 50 100 150 200 250

Figure 3 — Global AOT a) predicted and b) actual (real)
Puc. 3 — obanbHeili AOT a) npoeHosupyembil u 6) hakmuyeckul (peasibHbil)
Cnuka 3 — mobanHu AOT a) npedsufjeHu u 6) peanHu

For STP, as mentioned, itis common to use CNN + LSTM models (Ding
etal., 2020). To compare ConvLSTM and CNN LSTM, the new CNN LSTM
model has been developed. Figure 5 depicts the new CNN LSTM model.
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The evaluation metrics was for MSE 0.1117 and in comparison with the
ConvLSTM model (MSE 0.0116) presents a higher value. Lower values of
MSE indicate a better fit.

— frain
validation
2.0 1
15 -
1]
1]
S 10
0.5 1 !
0.0 1
0 10 20 0 40 50

Epochs

Figure 4 — Line plots of loss over 50 training epochs
Puc. 4 - JluHeliHoe u3obpakeHue nomeppb 3a 50 mMpeHUpPOBOYHbLIX Nepuodos8
Cnuka 4 — l'ybuyu mokom 50 ernoxa mpeHupara

For better comparison, the next statistics was done. The Mean Abso-
lute Error (MAE) is a measure of errors between the paired observations
expressing the same phenomenon and is used for predictions in a segment
of 9 frames per image, Table 1.

The range for the MAE is from zero to infinity and lower values are better.
From the obtained results, it can be concluded that the ConvLSTM model
required well-structured input data, right selection and optimal tuned model
hyperparameters before it could be utilized for reliable AOT predictions.
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[ input: | [(None, 10, 144, 288, 3)] |

input_3: InputL.
PR PUEAYET [ output: | [(Nome, 10, 144, 288, 3)] |

[ input: [ (None, 10, 144, 288, 3) |

time_distributed_12(conv2d_4): TimeDistributed(Conv2D) ‘ oat |(N 10, 144, 288, 32) |
output: one, 10, , ,

[ input: [ (None, 10, 144, 288, 32) |

time_distributed_13(batch_normalization_4): TimeDistributed(BatchNormalization) ‘ pr—s ‘ Y 10, 144, 288, 32) |
output: one, 10, , ,

I

\ input: | (None, 10, 144, 288, 32) |
time_distributed_14(conv2d_5): TimeDistributed(Conv2D)

[ output: | (None, 10, 144, 288, 3) |
[ input: ] (None, 10, 144, 288, 3) |

time_distributed_15(batch_normalization_5): TimeDistributed(BatchNormalization) ‘ ot ‘ ~ 10, 144, 288, 3) |
output: one, 10, , 3

}

time_distributed_16(reshape_4): TimeDistributed(Reshape)

[ input: [ (None, 10, 144, 288, 3) |
| output: | (None, 10, 41472, 3) |

| input: \ (None, 10, 41472, 3) \
time_distributed_17(Istm_2): TimeDistributed(LST'M)| gt | (None, 10,30) |
output: one, ,

input: | (None, 10, 30)

dropout_2: Dropout
- output: | (None, 10, 30)

[ imput: [ (None, 10,30) |
| output: | (None, 10, 124416) \

dense_2: Dense

| input: \ (None, 10, 124416) \

| output: [ (None, 10, 144, 288, 3) ]

Figure 5 — Plot of the CNN LSTM model graph
Puc. 5 - lpagpuk modenu CNN LSTM

Cnuka 5 — lNpuka3s epacha CNN LSTN modena

reshape_5: Reshape

Table 1 — MAE for predictions in a segment of 9 frames per image
Tabnuua 1 — MAE 0nsi npoeHo3a 8 ceameHme u3 9 kadpoe o u3obpakeHuro
Tabena 1 — MAE 3a npedsuharba y ceameHmy 00 9 kadpoea ro cruuu

ConvLSTM | CNN LSTM
0.02200718 | 0.24474642
0.02213584 | 0.2462145
0.02251104 | 0.24545886
0.02263835 | 0.2449535
0.0227564 | 0.24526556
0.02259156 | 0.24504275
0.02232519 | 0.24720876
0.02259231 | 0.2456902
0.02278301 | 0.24560421
0.23362 0.24605619
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Conclusions and future research

Atmospheric aerosols play a major role in the Earth’s radiation budget.
Yet, aerosols are one of the greatest sources of uncertainty in climate mod-
eling. Radiative forcing by aerosols may explain the difference between the
observed and modeled trends in average global temperature. In fact, the
interaction of aerosols with solar and terrestrial radiation perturbs the radi-
ation budget via scattering and absorption of sunlight. Many recent studies
show the importance of including aerosols in climate models to observe and
measure human influence on atmospheric chemistry and climate change.
Besides, some studies acknowledge that inhalation of aerosols is one way
how COVID-19 spreads. Even when an infectious person is more than two
meters away, aerosols have the ability to travel and infect others. These
are some of the most important reasons why it is useful to predict global
AOT.

The present study investigated the possibility of a new ConvLSTM
model to forecast global AOT from MODIS satellite imagery. DL with big
data is a new powerful tool which could help scientists in their research. A
relatively new ConvLSTM2D layer in Keras merges spatial and temporal
components and allows them to be used in STP.

Satellite images are helpful in seeing long-range transport of pollutants
from other regions, but they do not give information about pollution levels on
the ground. They see pollutants in the entire atmosphere, so the pollutants
one sees in the satellite image could be kilometers above the ground. To
find out whether the AOT in the satellite image is on the ground nearest to
the surface, ground measurements need to be compared to satellite mea-
surements. This can be done with AErosol RObotic NETwork (AERONET)
like in the study (Beer et al., 2020). The AERONET project represents a
federation of ground-based remote sensing aerosol networks established
by NASA and PHOTONS (NASA Goddard Space Flight Center, 2022).
Therefore, the next step in future research should be the validation of the
ML model by comparing it with AERONET.

Another step for the developed ConvLSTM model should be to research
how meteorological parameters such as wind speed, temperature, rela-
tive humidity, and rainfall improve AOT forecasting and accuracy. Further,
deep neural networks showed to be very successful with time-stepped data
(Radivojevic¢ et al., 2021) which should be concatenated with the input data

of this study.
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Pesrome:

BsedeHue/uenb: B daHHOU cmambe npedcmaesrnieH HO8bIlU COo-
8peMeHHbIl MemoO0, Ucronb3youwuli criymHuUKoeble cHUMKU HA-
CA c Hoseliweli moderibio arlyboko20 0bydeHus Onsl peweHus
3ada4yu Mpo2HO3UPOBaHUSs MPOCMPaHCMEeHHO-8PEMEHHbIX 10~
crnedosamernibHocmed. [lonydyeHHasi Co CrymMHUKO8 UH¢hopma-
yusi 06 aspo30s1siX 0O4eHb M0f1e3Ha 80 MHO_UX 0bracmsix, makux
Kak ducrniepaupoeaHue Yacmuy, unu nepedaqya COVID-19. [Ansa
8X00HbIX OaHHbIX rocnyxuna modens MODAL2 E AER OD,
Komopas npedcmaensem earobaribHbIl MPo2HO3 onNMuYecKou
monuwUHbI aspo3orisi Ha Kaxoble 8 OHel ¢ Terra/MODIS. Pe-
anu3oeaHHbIli an2opumm MalWUuHHO20 O0byYeHUsT eKrr4Yaem
cocmasHble HelipoHHble crou ConvLSTM2D e 6ubnuomeke
Keras. [MonyyeHHble pe3ynbmamabi 6biiu cONOCMaeneHbl ¢ HO-
eoli modesnbio CNN LSTM.

Memodbi: BbiuucriumernbHble MemoObl MawUHHO20 0by4YeHUs,
UCKyccmeeHHbIe HelipOHHbIe cemu, arlybokoe obydeHue.

Pesynbmamai: Pe3ynbmamsi rnokasbieatom 2r1o0banbHbIl po-
2HO03 0rIMUYeCcKoU MOosUWUHbI a3p0O307Is1 C UCMONb308aHUEM yuch-
pOBbIX CrTYMHUKO8bIX CHUMKO8 8 Ka4ecmee 8X00HbIX OaHHbIX.

Bbi800bi: lNony4eHHbIe pe3yrbmamabl IoKasbieaom, 4mo paspa-
6omatHasi modesnb ConvL STM npuzodHa 01 2106anbHO20 rpo-
2HO3UpPOBaHUST MONUWUHbI amMOChEPHO20 aspo30ris, a makxe
0ns pacripocmpaHeHusi ammocgepHbix yacmuy u COVID-19.

Knirowesble criosa: onmuyeckasi monujuHa asposaorsisi, Habro-
OeHusi Bemnu HACA, Con-vLSTM2D, COVID-19, ducnepcusi
meepOdbix Yacmuuy,

CaTenuTtcko ocmatpare 1 oy6oKo yderse 3a npeasuharse
aepocorna

Hukona C. Mupkos, [ywaH+ C. Pagusojesuh, UeaH M. Jlasosuh,
Y3axup P. Pamaganu, ywan 1. Hukesunh, aytop 3a npenucky
YHusep3uteT y Beorpagy, VIHCTUTYT 3a HykneapHe Hayke "BuHua’-

WHCTUTYT of HaumoHanHor 3Havaja 3a Penybnuky Cpbuijy,
Beorpapn, Penybnuka Cpbuja

OBJIACT: nHxewepcTBo
BPCTA YJTIAHKA: opurnHanHu HayyHu pag

Y800: WUsnoxeHa je yHanpeheHa memoda koja ykrby4dyje Ha-
CUHe camesiumcke CHUMKe ca HajHosujum moderiom OybokKoe
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y4yera Koju ce oOHocu Ha npobriem rpedsuhar-a npocmopHo-
8peMeHCKUX cueHana. MHgopmauyuja o aepocosniuma ca came-
JIUMCKUX CHUMaKa je epJio 3HayajHa 3a npedsufarbe oucrep3u-
je vecmuya y ammocgbepu u npeHoca supyca COVID-19. Yna-
3HU nodauyu MODAL2 E AER OD npedcmasrbajy anobasnHu
AOT 3a ocam OaHa ca Terra/MODIS. Anzopumam MauwUuHCKo2
yqera je cadurbeH 00 KOMMo3UMHUX HeypOHCKUX criojesa Con-
vLSTM2D y 6ubnuomeuu Keras. [obujeHu pe3ynmamu cy yro-
peheHu ca Hosum moderiom CNN LSTM.

Memode: lNpopayyHcke memode MawlUHCKOe y4erba, selimadke
HeypoHcKe Mpexe, OybOKO yderse.

Pesynmamu: Pesynmamu nipuka3syjy enobanHo npedsuhare
onmuyke OebrbuHe aepocona ca duaumarHuM camesnumcKum
CHUMUUMa Koju cy KopuwheHu Kao yna3Hu nodauyu.

Bakmpyyak: [lokaszaHo je Oa je passeujeHu moden ConvLSTM
rnoeofaH 3a enobanHo npedsuhame ammo-cgpepcke debrbuHe
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Abstract:

Introduction/purpose: New robust design by means of probability-based
multi-objective optimization takes the arithmetic mean value of the
performance indicator and its deviation as twin independent responses of
the performance indicator. The aim of this article is to check the
applicability of new robust design in optimizing machining process
parameters. To conduct the examination in detail, the robust design for
optimal cutting parameters to minimize energy consumption during the
turning of AISI 1018 steel at a constant material removal rate is applied as
well as the concurrent optimization of the machining process parameters
and the tolerance allocation of a spheroidal graphite cast iron piston.

Methods: In the spirit of the probability-based method for multi-objective
optimization, the arithmetic mean value of the performance indicator and
its deviation are taken as two independent responses of the performance
indicator to implement robust design. Each of the above twin responses
contributes one part of the partial preferable probabilities to the
performance indicator of the alternatives in the treatment. The arithmetic
mean value of the performance indicator should be assessed as a
representative of the performance indicator according to the function or
the preference of the performance indicator, and the deviation is the other
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index of the performance indicator, which has the characteristic of the
smaller-the-better in general. Furthermore, the square root of the product
of the above two parts of the partial preferable probability forms the actual
preferable probability of the performance indicator. Moreover, the product
of partial preferable probabilities gives the total preferable probability of
each alternative, which is the overall and unique index of each alternative
in the robust optimum.

Results: The paper gives the rational optimum cutting parameters for
minimizing energy consumption during the turning of AISI 1018 steel at a
constant material removal rate and the concurrent optimization of the
machining process parameters and the tolerance allocation of a
spheroidal graphite cast iron piston.

Conclusion: The application study indicates its rationality and convenience
of new robust optimization in the optimization of machining process
parameters.

Key words: preferable probability; probability-based method; multi-
objective optimization; robust design; simultaneous optimization.

Introduction

The importance of quality improvement through reducing the effect of
noise on response was recognized early in 1950s by Taguchi - Taguchi’s
method (Roy, 2010; Mori & Tsai, 2011). Designed experiments could be
performed to study the effects of both controllable and uncontrollable
factors on product or process response. Uncontrollable factors are called
noise factors by Taguchi (Roy, 2010; Mori & Tsai, 2011). The idea of
robust design corresponds to a design of a set of controllable factors
which make the quality of a product insensitive to so-called noise factors
or sensitive as little as possible i.e. with a minimum effect of noise (Roy,
2010; Mori & Tsai, 2011).

In Taguchi’s method (Roy, 2010; Mori & Tsai, 2011), it was further
assumed that controllable factors include factors that can be easily
controlled by an experimenter or a product designer, such as design of a
prescription or a melting temperature in an alloy melting process, while
uncontrollable factors (noise factors) are those impossible or not
easily possible to control. So, robust design is a concept seeking a set of
controllable factors which make product and processes with minimum
sensitivity to the variations of uncontrollable factors without removing
uncontrollable factors.

Moreover, signal-to-noise ratio (SNR) was introduced by Taguchi as a
specific term to characterize robust design (Roy, 2010; Mori & Tsai,
2011). Optimum factors correspond to a set of controllable factors which
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guarantee an appropriate SNR maximum. There are three types of
standard types of SNRs which were suggested by Taguchi:
e Nominal-the-best

—2
SNR, =10 Iog[ yzj,
O

1)
o Smaller-the-better
|
SNR, = —10log GZ yizj, and )
i=1
« Larger-the-better
1- 1
SNR, =-10log TZ_Z . 3)
i=1 Y;

In the above Egs. (1) - (3), | stands for the number of each
experimental test, y is the arithmetic mean value of the | data of

experimental tests, and o'is the standard deviation.
The mean value y of the tests and the standard error o are inherently

independent responses for a set of actual experiments or processes in
general, which was pointed out by many statisticians - scientists (Box,
1988; Box & Meyer, 1986; Welch et al, 1990; Welch et al, 1992; Nair et
al, 1992).

However, the SNR in Eq. (1) unites the two factors y and o into one

factor SNRt unreasonably - the optimization of the maximum of the SNRt
is not equivalent to the simultaneous optimizations of the both minima of
o and y closing to the target. More problematically, the expressions of
Eq. (2) and Eq. (3) for "smaller-the-better" and "larger-the-better" imply
more serious cases, i.e., these formulae even exclude the factor of the
standard deviation o. This point was frequently criticized by statisticians
(Box, 1988; Box & Meyer, 1986; Welch et al, 1990; Welch et al, 1992;
Nair et al, 1992). A kind advice from statisticians was to consider both
responses of the mean and the variance by using two individual models.
Therefore, the optimization of the both minima of o and y closing to

the target should be treated with two individual models at the same time
so as to perform rational robust optimization.

In recent years, a probability-based method for multi-objective
optimization (PMOO) was developed to solve the inherent problems of

e



the “additive algorithm” with personal and subjective factors in previous
multi—objective optimizations (Zheng et al, 2022a; Zheng et al, 2022b;
Zheng et al, 2023). A new concept of preferable probability was
introduced to represent the preference degree of performance utility
indicator of candidates in optimization. In this new methodology, all
performance utility indicators of alternatives could be preliminarily divided
into two types, i.e., beneficial or unbeneficial types according to their
functions or pre-required preference in the optimization; every
performance utility indicator of the alternative could quantitatively
contribute to a partial preferable probability. Moreover, the product of all
partial preferable probabilities leads to the total preferable probability of
an alternative by means of the probability theory, which is the uniquely
decisive index of a candidate in the optimization process, thus transfering
a multi—objective optimization problem into a single—objective one.

This paper shows the application of new robust design by means of
the probability theory with taking the arithmetic mean values of the
performance indicators of the alternatives and their deviations as two
independent factors rationally in order to deal with the problem of robust
optimization of machining process parameters. Two examples - turning of
AISI 1018 steel at a constant material removal rate and a concurrent
optimization of the machining process parameters and the tolerance
allocation of a spheroidal graphite cast iron piston - are given to show the
rationality of robust design in manufacturing.

Rational process of robust design by means of
probability-based multi-objective optimization

1) Fundamental principle of probability-based multi-
objective optimization

In the methodology of the probability-based method for multi—
objective optimization [8-10], a new concept of preferable probability was
introduced to represent a preference degree of a performance utility
indicator in optimization. All performance utility indicators of alternatives
could be preliminarily divided into two types, i.e., beneficial or
unbeneficial types according to their functions or pre-required preference
in the optimization; every performance utility indicator of an alternative
contributes to a partial preferable probability quantitatively; moreover, the
product of all partial preferable probabilities leads to the total preferable
probability of an alternative in the viewpoint of probability theory to reflect
the essence of their simultaneous optimization, which is the unique
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decisive index in the optimization process, thus transfering a multi—
objective optimization problem into a single—objective one (Zheng et al,
2022a; Zheng et al, 2022b; Zheng et al, 2023).

The formation of total preferable probability of an alternative by
multiplying all partial preferable probabilities of their performance utility
indicators reveals the spirit of simultaneous optimization of each
performance utility indicator in the spirit of the probability theory explicitly,
which undoubtedly solves the intrinsic problems of “additive algorithms”
of subjective factors in previous multi—objective optimizations.

2) Process of new robust design by means of probability-
based multi-objective optimization

In the light of the suggestion from statisticians that both responses of
the mean and the variance could be taken into account by using two
individual models, the process of rational robust design by means of
probability-based multi-objective optimization is as follows.

A) The arithmetic mean value of the performance indicator of the
alternatives and its deviation are taken as twin independent responses of
the performance indicator to conduct robust design. Each of the above
two responses contributes one part of the partial preferable probabilities
to the performance indicator of the alternatives in the treatment of robust
design.

B) The arithmetic mean value of the performance indicator should be
assessed as a representative of the performance indicator according to
its function and preference, and the deviation is the other index of the
performance indicator which has the characteristic of the smaller-the-
better in general.

C) The square root of the product of both parts of partial preferable
probability of the performance indicator forms the actual preferable
probability of the performance indicator.

D) The product of all partial preferable probabilities forms the total
preferable probability of each alternative, which is the overall and unique
index of each alternative in the robust optimum.

E) The total preferable probability of the alternatives is the unique
index which is used as the decisive indicator of every alternative to

complete the robust optimum.
G



Applications of robust design by means of probability-
based multi-objective optimization

The application examples of new robust design by means of
probability-based multi-objective optimization in robust design of products
are given here to illustrate the new approach in detail.

1) Optimization of cutting parameters to minimize energy
consumption during the turning of AlSI 1018 steel at a
constant material removal rate

Camposeco-Negrete et al. conducted an optimization of cutting
parameters to minimize energy consumption during the turning of AlSI
1018 steel at a constant material removal rate. There are three control
factors: the cutting speed (Factor A), the feed rate (Factor B), and the cut
depth (Factor C) with three levels for each factor, as shown in Table 1 by
means of the Taguchi Lo(3%) design with four test results (Camposeco-
Negrete et al, 2016). The aim of this experimental design is to apply
robust design for the optimization of energy consumption. The values of
the cutting parameters shown in Table 1 were calculated in order to
obtain a constant material removal rate of 1333.33 mm?/s (Camposeco-
Negrete et al, 2016).

Table 1 — Values and levels of the cutting parameters of AlISI 1018 steel at a constant
material removal rate by means of Lo(3%)
Tabnuya 1 — 3Ha4yeHus u yposHu napamempos pe3ku cmanu AISI 1018 npu
rocmosiHHoU ckopocmu cbema Mamepuarsna ¢ nomMouibro Le(3%)
Tabena 1 — BpeGHocmu u HU8oU napamemapa cedyera dyesuka AVUICU 1018 npu
KOHCcmaHmHoj 6p3UHU yKnararba Mamepujana nomohy Lo(3%)

Exp. | Factor values Energy consumed (kJ)

no A (m/min) | B (mm/rev) C(mm) |1 2 3 4

1 350 0.10 2.29 71.47 74.2 121.04 133.14
2 350 0.15 1.52 51.64 54.28 88.85 97.22
3 350 0.20 1.14 42.93 43.63 73.07 80.75
4 375 0.10 2.13 68.97 71.10 123.99 135.69
5 375 0.15 1.42 51.67 52.49 91.19 100.17
6 375 0.20 1.07 42.00 43.04 76.29 82.66
7 400 0.10 2.00 67.94 69.47 130.63 141.77
8 400 0.15 1.33 50.41 52.17 97.35 105.91
9 400 0.20 1.00 41.08 42.05 81.44 86.75
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Table 2 shows the assessed results of the preferable probability and
the ranks of this problem.

The mean value of energy consumption is shown by y, and the
standard deviation is represented by s.

According to the requirement of robust optimization, the
performances of y and s have the characteristic of the unbeneficial
indexes in Table 2.

Table 2 — Assessed results of the preferable probability and the rank of AISI 1018 steel at
a constant material removal rate by means of Lo(3%)

Tabnuvua 2 — Pe3synibmambl OUeHKU rnpednoYymumerbHolU 8eposSimHOCMU U paHaa cmarnu
AISI 1078 npu nocmosiHHOU ckopocmu cbema Mamepuasna ¢ moMowibro Lo(34)

Tabena 2 — AHanu3upaHu pe3ynmamu roxesbHe eeposamHohe u paHea Yenuka AICU
1018 npu KoHcmaHmMHoj 6p3uHU yKnamara Mamepujana rnomohy Le(34)

Exp. | Meanvalueof | o 5 energy | Preferable probability
no energy consumption s
consumption y (KJ) P, P P=(P,-Ps) 05 Rank
(kJ)
1 99.9625 31.7308 0.0831 0.0946 0.0887 7
2 72.9975 23.4131 0.1189 0.1291 0.1239 4
3 60.0950 19.6699 0.1360 0.1447 0.1403 1
4 99.9375 34.8681 0.0831 0.0816 0.0823 8
5 73.8800 25.4402 0.1177 0.1207 0.1192 5
6 60.9975 21.4981 0.1348 0.1371 0.1359 2
7 102.4525 39.2377 0.0798 0.0635 0.0712 9
8 76.4600 29.2820 0.1143 0.1048 0.1094 6
9 62.8300 24.6534 0.1324 0.1240 0.1281 3

The assessed results in Table 2 indicate that test No. 3 has the
highest value of the total preferable probability P: at the first glance.
Therefore, the robust configuration is around tests No. 3.

Moreover, Table 3 shows the results of the range analysis for the
total preferable probability shown in Table 2, which shows that the
optimum configuration is A1B3C1, which is test No. 3 exactly.
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Table 3 — Range analysis of the total preferable probability of AISI 1018 steel at a
constant material removal rate by means of Lg(3%)

Tabnuua 3 — AHanu3s paHxupogaHusi obujeli npednoymumerbHOU 8eposimHoCcmMu cmarnu
AISI 1018 npu nocmosiHHOU ckopocmu cbema Mamepuarsna ¢ nomMouibro Lo(3%)

Tabena 3 — AHanu3a paHauparba yKyrnHe rioxesbHe eeposamHohe yenuka AICU 1018
npu KOHCMaHMHOj 6P3UHU YKNaraka Mamepujana nomohy Lo(3%)

Level A B C

1 0.1176 0.0807 0.1348
2 0.1125 0.1175 0.1175
3 0.1029 0.1348 0.0807
Range 0.0147 0.0540 0.0540
Order 3 1 2
confguration | A1 &3 o1

2) Concurrent optimization of the machining process
parameters and the tolerance allocation of a spheroidal
graphite cast iron piston

Janakiraman & Saravanan conducted a concurrent optimization of the
machining process parameters and the tolerance allocation of a
spheroidal graphite cast iron piston (2010) as an example of conducting
a restudy with robust design of probability-based multi-objective
optimization.

There are 3 control factors: cutting speed (A), feed rate (B), and
depth of cut (C) with five levels in the experiments with response surface
methodology design and the test results, as shown in Table 4.

The mean value of energy consumption is shown by y, and the
standard deviation is represented by s. As the target value is the input
diameter (Janakiraman & Saravanan, 2010), a factor ¢ is introduced to
present the deviation of the mean value from the target value of the input
diameter, i.e., ¢= |u— input diameter|.

Furthermore, according to the requirement of robust design, the
performance of ¢ and s has the characteristic of unbeneficial indexes. All
the assessed results are shown in Table 5 together with their preferable
probability values and ranks.
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Table 4 — Response surface central composite rotatable design matrix and the test
results

Tabnuua 4 — lNosepxHOCMb OMKAUKa Mampuubl YeHmparnbHOU KOMIO3UumHoU
s8pawjarowielicss KOHCmMPYKUUU U pe3ybmamel ucrsimaHull

Tabena 4 — NospwuHa o02080pa Mampuue ueHmpasHo2 KOMIo3umHo2 pomauyuoHo2
OusajHa u pesynmamu ucnumusar-a
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Expt. no. Cutting Feed rate | Depth of
speed (A) | (B) cut (C)
(m/min) (mm/rev) (mm)
1 24.05 2.01 0.014
2 35.95 2.05 0.014
3 24.05 4.99 0.014
4 35.95 4.99 0.014
5 24.05 2.01 0.041
6 35.95 2.01 0.041
7 24.05 4.99 0.041
8 35.95 4.99 0.041
9 20 35 0.028
10 40 35 0.028
11 30 1 0.028
12 30 6 0.028
13 30 35 0.005
14 30 35 0.05
15 30 3.5 0.028
16 30 35 0.028
17 30 35 0.028
18 30 3.5 0.028
19 30 35 0.028
20 30 35 0.028

o




Continued

Expt. | Input Output diameter measured (mm)
no. diameter

(mm) 1 2 3 4 5
1 51.003 50.992 50.986 50.99 50.993 50.982
2 51.24 51.222 51.221 51.224 51.225 51.225
3 51.24 51.221 51.221 51.222 51.221 51.22
4 51.237 51.21 51.219 51.211 51.215 51.218
5 51.22 51.17 51.175 51.18 51.173 51.171
6 51.17 51.129 51.13 51.129 51.128 51.13
7 51.235 51.198 51.199 51.195 51.196 51.2
8 51.1 51.059 51.066 51.05 51.056 51.054
9 51.23 51.205 51.2 51.205 51.203 51.202
10 51.2 51.176 51.172 51.174 51.171 51.172
11 51.245 51.205 51.21 51.208 51.205 51.203
12 51.215 51.181 51.188 51.186 51.187 51.179
13 51.245 51.244 51.24 51.245 51.240 51.242
14 51.22 51.18 51.185 51.178 51.18 51.18
15 51.235 51.21 51.215 51.21 51.212 51.218
16 51.24 51.212 51.22 51.219 51.218 51.215
17 51.21 51.17 51.168 51.165 51.164 51.162
18 51.23 51.19 51.195 51.185 51.188 51.19
19 51.17 51.135 51.141 51.141 51.142 51.136
20 51.21 51.185 51.18 51.18 51.182 51.173

The assessed results in

by test No. 3.

Therefore, the robust configuration is around tests No. 13, while test
No. 13 clearly shows simultaneous smaller values of both ¢ and s from

Table 5.
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Table 5 indicate that test No. 13 has the
highest value of the total preferable probability P; that is closely followed
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Table 5 — Assessed results together with the preferable probabilities and ranks
Tabnuya 5 — Pe3ynbmamsl aHanusa ¢ npednoYymumeribHbIMU 8ePOSIMHOCMAMU U
paHXXuposaHuem
Tabena 5 — AHanu3upaHu pe3ynmamu ca roxesbHUM gepogsamHo-hama u paHauparem

Expt. Preferable probability
no. Y £ s Rank
Pe Ps P=(Py-Ps) °5

1 50.9886 0.0144 | 0.0046 | 0.0750 | 0.0293 0.0469 12

2 51.2234 0.0166 | 0.0018 | 0.0715 | 0.0668 0.0691

3 51.2210 0.019 0.0007 | 0.0676 | 0.0820 0.0744

4 51.2146 0.0224 | 0.0040 | 0.0621 | 0.0365 0.0476 11

5 51.1738 0.0462 | 0.0040 | 0.0234 | 0.0375 0.0296 19

6 51.1292 0.0408 | 0.0008 | 0.0322 | 0.0802 0.0508

7 51.1976 0.0374 | 0.0021 | 0.0377 | 0.0633 0.0489

8 51.0570 0.0430 | 0.0060 | 0.0286 | 0.0097 0.0166 20

9 51.2030 0.0270 | 0.0021 | 0.0546 | 0.0627 0.0585

10 51.1730 0.0270 | 0.0020 | 0.0546 | 0.0643 0.0593

11 51.2062 0.0388 | 0.0028 | 0.0354 | 0.0537 0.0436 14

12 51.1842 0.0308 | 0.0040 | 0.0484 | 0.0375 0.0426 15

13 51.2422 0.0028 | 0.0023 | 0.0939 | 0.0605 0.0754 1

14 51.1806 0.0394 | 0.0026 | 0.0344 | 0.0560 0.0439 13

15 51.2130 0.0220 0.0035 0.0627 0.0443 0.0527 7

16 51.2168 0.0232 | 0.0033 | 0.0608 | 0.0470 0.0534

17 51.1658 0.0442 0.0032 0.0266 0.0480 0.0358 18

18 51.1896 0.0404 0.0036 0.0328 0.0418 0.0370 17

19 51.1390 0.0310 | 0.0032 | 0.0481 | 0.0474 0.0477 10

20 51.1800 0.0300 0.0044 0.0497 0.0313 0.0395 16
Conclusion

The above discussion indicates that new robust design by means of
probability-based multi-objective optimization can be reasonably used to
deal with the problem of optimizing machining process parameters. The
arithmetic mean value of the performance indicator and its deviation are
taken as twin independent responses of the performance indicator in the
treatment, which contributes their parts of partial preferable probability of
the performance indicator respectively. The arithmetic mean value of the

o




performance indicator is assessed as a representative of the
performance indicator according to its function and preference, and the
deviation is the unbeneficial index in the assessment. The total
preferable probability of each alternative is the uniquely overall index of
each alternative in the robust optimum.
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MHorokpuTepuasnbHas onTMU3aLnsl, OCHOBaHHas Ha BEPOATHOCTU B
KayecTBe OCHOBbI A5 MPYMEHEHUS] HOBOW POGACTHON KOHCTPYKLMK C
napameTpamn MexaHu4eckoi o6paboTku

MaoweHz Yx3H, koppecnoHaeHT, XaiinaH TeH, Mu BoH

CeBepo-3anagHbii MONUTEXHUYECKNA YHUBEPCUTET, dhakynbTeT XMMUYECKON
uHxeHepuw, r. Cuanb, HapogHas Pecnybnvka Kutan

PYBPUKA TPHTW: 27.47.00 MaTemaTnyeckas knbepHeTumka,
27.47.19 WNccneposaHve onepawuin,
81.09.00 MaTepwnanoBseaeHue

BWO CTATbW: opurmHanbHasa Hay4yHas cTatbs

Pe3stome:

Bsederue/uens: Hosasi pobacmHasi KOHCMpPYKUuUsi, paspabomaHHasi ¢
MoOMoOWbK0  MHO20KpuUmMepuasbHol onmumu3ayuu, OCHOBaHHOU Ha
geposimHocmu, ucronb3yem cpedHee apugmemuyeckoe 3HaydeHue
rokazamensi aghekmusHocmu U €20 OMK/IOHeHUe Kak J0se
HesagucuMble peakyuu rnokazamesel aghgpekmusHocmu. Llens amou
cmambu - [Ipo8epuUMb  PUMEeHUMoCmb Hoeolu  pobacmHoul
KOHCmMpyKyuu Ons onmumusayuu rnapamempos rnpu mexaHu4Yeckol
obpabomke. [Ipu OemarnbHbIX UCMbIMaHusix 6blna ucnonb3oeaHa
pobacmHasi  KOHCmMpyKuus  Ons  onpedesieHUss  OnmuMarsbHbIX
rnapamempos pe3ku U MUHUMU3auuu 3HepeornompebreHus npu
mokapHoU obpabomke cmanu AISI 1018, ¢ yyemom rocmosiHHOU
cKopocmu cbema Mamepuana, a makxe  00HO8PeMEeHHOU
onmumu3auyuu napamempos obpabomku u pacrnpedesieHusi 00rnycKoe
MOPWIHS U3 Yy2yHa C Wapos8uOHbIM 2pachbumom.

Memoodei: NMpudepxusascbs memoda, OCHOBaHHO20 Ha 8epPOSIMHOCMU
MHO20KpumepuarnbHol onmumu3dayuu, cpedHee apugpmemuvecKoe
3HayeHUe rokalamesnsd 3gghekmusHocmuU U €20 OMK/IOHEeHUU
ucrionb3yromcsi 8 Kadyecmee 08yX He3aBUCUMbIX  OMKIIUKO8
rokasamenss ahpekmusHocmu Onss  egoda 8  IKCryamayuro
pobacmHol koHcmpykuuu. Kaxdbill U3 eblweornucaHHbIX O80UHbIX
OMKITUKO8 4YaCMmUYHbIMU  PedrnoYmumerbHbIMU  8epOSIMHOCMSAMU
criocobcmeyem  yrydweHuro  riokasamenel — aghghekmusHocmu
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anbmepHamue 8 rnpouecce ucrnsimaHul. CpedHee apughmemuyeckoe
3Ha4YeHuUe rnokazamersisi aghghekmusHocmu criedyem oueHusamsb, Kak
peripezeHmMamueHoe 3HadyeHue rokazamerns aghgekmusHocmu 8
coomeemcmeuu ¢ yHKyuel unu npeumMyuiecmeom rokasamersisi
aghchekmusHOCMU, @ OMKIIOHEHUE S8/151eMCS 8MOPLIM r1oKasamersem
uHOUKamopa aghghekmusHocmu, Komopsbili 8 uesiom
Xapakmepu3dyemcsi ~ KaKk  «MeHbwe-sy4we».  Kpome  moeo,
keadpamHbili KOpeHb fpouseedeHusi 08yX BbllleyKa3aHHbIX Yacmeu
yacmuyHoU  npednodymumernibHOU — 8eposimHocmu  ¢hopmupyem
hakmuyeckyto npedrnoymumersnibHyl0 8eposImMHOCMb  rloKkasamerisi
agppekmusHocmu.  bonee  moeo, npou3sedeHUe  YaCMUYHbIX
npedrnoymumersibHbIX seposimHocmel daem obwyto
npedrnoymumersnbHyl0 8eposimHOCMb 0 Kaxo0ol anbmepHamuse,
Komopasi sensemcsi obwuM U YHUKarbHbIM UHOEKCOM Kaxdol u3
anbmepHamue 8 pobacmHom onmumyme.

Pesynbmamsi: B cmambe npueedeHbl pauyuoHalbHbIe OnmuMasibHbIe
napamempbl pe3ku Ol MUHUMU3auuUU 3HepaorompebreHusi 80 epemst
mokapHoli obpabomku cmanu AlISI 1018 npu nocmosiHHOM cbeme
Mamepuana, a makxke O00HO8PeMEHHOU onmumusauyuu napamempos
obpabomku u pacripedenieHussi QOMyCcKO8 MOPWHS U3 4Yy2yHa C
wiapo8udHbIM 2paghumom.

Bbigodbi:  MccnedosaHue riokasano, 4mo rnpumMeHeHue Hoeol
pO6aCanOL7 onmumu3ayuu £Aeridemcsda pauuoHasibHbIM U yaO6HbIM
criocobom onmumu3sayuu rnapamempose mexaHu4yeckou o6pa6omKu.

Knroyesnbie crosa: npednoymumernbHasi 8€pOSIMHOCMb;
8ePOSIMHOCMHbIL memoo; MHO20KpumepuaribHasi onmumu3sayusi;
pobacmHasi KOHCMPYKYUsT; OOHOBPEMEHHAs ONMUMU3ayUus.

Buwiekputepujymcka ontummsauuja 3acHoBaHa Ha BepoBaTHohu kao
OCHOBa 3a NpYMeHy HOBOTI pobyCTHOr AM3ajHa Ha napameTpe
mMaLumHcke obpage

MaoweHe LleHr, ayTop 3a npenucky, XaurneHe TeHr, Ju BaHe

YHuBepanuteT CeBeposanaa, PakynteT XeMUjCKOr MHXEHEePCTBA,
CujaH, HapogHa Peny6nuka KnHa

OBJIACT: matemaTtuka, matepujanu
KATEITOPWJA (TWIM) YINAHKA: opyruHanHu Hay4yHu pag

Caxemak:

Yeod/yurs: Hoesu pobycmHu OusajH Hacmao riomohy
suwekpumepujyMcKe onmumu3ayuje 3acHogaHe Ha seposamHohu y3uma
apummemuydky cpedry epedHocm uHOUKamopa nepgopmaHcu, Kao u
HeHy Oesujayujy, 3a 0e0jHe HesasucHe o0dzoeope UHOUKamopa
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nepgopmaHcu. Ljurb osoe pada jecme Oa ce nposepu rnpuUMeH/bU8oCM
Hogoe pobycmHoz du3ajHa Ha onmumu3auujy napaMemapa MaulUuHCKe
obpade. 3a demarbHO ucriumueare KopuwheH je pobycmHu du3ajH 3a
odpehusar-e onmumarHux napamMmemapa cevyera kako bu ce nompouwra
eHepauje moKoM oOKpemarba dernuka AUCU 1018, npu KOHCMaHMHOj
Op3uHU yknamara Mamepujana, ceena Ha HajMawy moayhy mepy.
loped moea, UCmMoBpPEMEHO je rnpuMereHa U onmumusayuja
napamemapa mMauwuHcke obpade u anokauuja mosepaHyuje krurna od
cghepoudHoez epaghumHoe nueeHoe 280xha.

Memode: Y cknaly ¢ memodom 3acHogaHOM Ha eeposamHohu 3a
8ULUEKPUMEPUjYMCKY onmumu3ayujy, apummemuyka cpedra epedHocm
uHOUKamopa nepghopmaHcu. Kao U HeHa desujayuja, y3eme cy 3a dgojHe
He3asucHe 00z2080pe UHOUKamopa rnepghopmMaHcu  npu  MPUMeHU
pobycmHoe du3sajHa. Ceaku 00 osa 08a riomeHyma odzoeopa GorpuHocu
JjeOHum QOernoMm napuujanHux MoxerbHUX eeposamHoha uHOuKamopy
repghopmaHcu anmepHamuea y ucnumusarsy. ApummMemuyka cpedra
8pedHocm uHOukamopa nepgopmaHcu mpeba Oa ce rnpouerbyje Kao
npedcmasHuk UHOUKamopa nepghopmaHcu rnpema hyHKUUjU  uu
npeghepeHuuju uHOuKamopa nepghopmarcu, 00K je desujauuja Opyau
HUX08 roKa3amesb Koea, yornwmeHo 2oeopehu, Kapakakmepuuwie
npuHyun ,mare je bosrbe”.lloped moeza, keaOpamHu KOpeH rpousgoda
Osa nomeHyma Oena napuyujanHe roxerbHe eeposamHohe chopmupa
cmeapHy rnoxesbHy —eepoeamHoRy — uHOukamopa  rnepghopmMaHcu.
Llimasuwe, npou3sod napuyujanHUx noxesbHUX eeposamHoha Odaje
YKYIHY — MOXesbHy  eeposamHofly  ceake  anmepHamuge, WMo
npedcmaerba yKyrnHU U jeOUHCMeeHU UHOEKC ceake arimepHamuee y
pobycmHoM ornmumyMmy.

Pesynmamu: Y pady cy npedcmaerbeHU payuoHariHu onmumMarsHu
napamMempu ceyYera 3a MUHUMU3Upare rnompowre eHepauje MmoKoMm
okpemarba Yeruka AVICU 1018 npu KoHcmaHmHoj 6p3uHu yknarbarba
Mamepujana, Kao U UcmospeMeHa onmumu3auyuja rnapamemapa
MauwuHcke obpade u anokauuja monepaHyuje Krurna o0 cghepoudHoe
epaghumHoe niugeHoez 28oxha.

Sakrbyuak: Cmyduja ykasyje Oa je npumeHa Hoge pobycmHe
ornmumMu3ayuje payuoHarHa u rno2odHa 3a onmumusayujy napamemapa
MalwuHcke obpade.

KrbyuyHe pe4qu:  noxesrbHa eeposamHoha, Memod 3acHoeaH Ha
geposamHohiu, euweKkpumepujymcka onmumu3ayuja, pobycmHu
Au3sajH, ucmospemeHa onmumu3ayuja.
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Abstract:

Introduction:purpose: Noether’s theorem connects symmetry of the La-
grangian to conserved quantities. Quantum effects cancel the conserved
quantities.

Methods: Triangle diagram, Path integral, Pauli-Villars regularisation.

Results: Quantum effects that spoil conserved quantities of local gauge
symmetries endager renormalisability.

Conclusion: A careful treatment of anomalies is needed in order to ob-
tain correct results. The 1° — ~v decay is perhaps the most notable
‘impossible” effect allowed by anomalies.

Key words: symmetry, quantum anomalies.

Noether’s theorem

What happens when a Lagrangian is invariant under certain symme-
try? It happens that there is a conserved quantity, as stated by Noether’s
theorem (Noether, 1918), which is perhaps the most important theorem
in theoretical physics. We have a generic Lagrangian with fields ¢, that
undergo an infinitesimal transformation ¢, after applying the symmetry.
The Lagrangian is invariant by the hypothesis, so we have (summation is
understood on repeated indices a)

oL oL

oL oL
SL=0=—"0pg + ——0(0yba) = —0¢g + ————0p(66a) , (1
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where the order swapping of 6 and 9, is possible because ¢, is a functional
variation. There are also equations of motion that read

oL oL

o = s @
and by combining the two, we obtain
oL
% |50 =0 &)
Defining a current

=5 5, @)

6(0pa)

from eq. (3), we see that is conserved, i.e., 9,J" = 0.
In QED, for example, the wave function ¢ is invariant under the phase
transformations 1 — €1, for which we have the conserved current

JH* = ipytap such that 9, J" =0 . (5)

There is also the global chiral transformation ¢ — ¢#7*+) which has a
conserved current only in the massless limit,

JO = ihy°y*4p such that (9#J5“ = 2imyy°y . (6)

Quantum symmetries

In the previous section we have discussed the invariance of the La-
grangian under symmetry transformations and its consequences. There
was no mention of quantum effects in Noether’s theorem, which are not
relevant for its proof. In fact, it was tacitly assumed that classical and quan-
tum symmetries are the same thing. This belief was shattered in the late
60-ies when it was discovered that quantum effects could indeed spoil clas-
sical symmetries. Such symmetries that are broken by quantum effects are
called anomalies.

A posteriori, this belief had actually no grounds. While classically there
is a transformation d¢ that implies §£ = 0, at the quantum level, by means
of a path integral, the things are different. One computes

/ D li/MS(@) (7)

and, while under the transformation ¢ the action is also invariant, 65 = 0,
there remains the Jacobian of the transformation in D¢ which in general will
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not equal unity. Therefore, classical symmetry has in general no reasons
to survive quantisation. For a brief review of path integrals, see (Fabiano,
2022a).

Anomalies are bad when they afflict symmetries necessary to renor-
malise the theory: their presence disallows the possibility of obtaining finite
predictions (Schwinger, 1959). This case happens when local gauge sym-
metry is anomalous. Anomalies of global symmetries, on the other hand,
are considered relatively harmless because they contribute finitely to phys-
ical processes.

U(1) anomaly

Consider a theory with massless fermions, where

whose conserved currents we have already encountered in the section enti-
tled Noether’s theorem. We already know that U (1) symmetry is conserved
and for massless fermions both vector current and axial current are con-
served, 9*.J, = 0 and 8“J3 =0.

For this theory, we will now calculate the three point function

GMY (21, x9) = (0 [T J2(0)J* (1) J" (22)| 0) . (9)

In plain language, the vector current causes a fermion—antifermion pair
creation at the point x; and another such creation at the point x5, then
a fermion from one pair and an antifermion from another pair annihilate,
while at the point 0 the chiral current annihilates the remaining fermion -
antifermion pair.

Two relevant Feynman diagrams for this process are two triangles
represented in Figures 1 and 2.

The Fourier transform of the three point function (9) is written as

4
AMY (K, ko) = (_1)i3/((217£4 Tr <7A753ﬁ1¢ Vlﬁ —1%17u;’+
A5 1 o 1 1/1 10
va—gvpkﬂp)’ (10)
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Yy e
pP—q p pP—q p
v < ot g - Y
p—Fki p— ko
Figure 1 — Triangle diagram, 1 Figure 2 — Triangle diagram, 2
Puc. 1 — TpeyeonbHas duagpamma, 1 Puc. 2 — TpeyeonbHas duagpamma, 2
Cnuka 1 — Hujazpam mpoyena, 1 Cnuka 2 — Hujaepam mpoyena, 2

the first part belonging to the first diagram, the other part on the last line
describing the second diagram, with ¢ = k1 + ko. The overall minus sign
comes from the closed fermion loop. Both diagrams are needed in order
to obtain Bose statistics.

An immediate observation is that the integral of eq. (10) is linearly di-
vergent because it contains three fermionic propagators. This linear diver-
gence is at the origin of the breaking of U(1) symmetry, i.e. some current
will not be conserved anymore at the quantum level.

Consider an integral of a function over the whole real line

+o00
/ dz f(z), 11

and then shift the variable, x — x + a. The possible consequences of this
action will be evidenced by this integral

+o0
/ Ao [f(z+a) - f(z)] (12)

—00
this action is usually harmless and eq. (12) would be zero. Expanding this
expression with the Taylor series, we obtain

/+°°dx [af'(:zz) + a;f"(x) + O(a3)] = a[f(+00) — f(—o00)]+

—00

a2

S [f (+00) = f'(=00)] + O(a”) . (13)

If the integral converges, the variable shift has no consequences, but
if the integral is linearly divergent, the result is given from eq. (13), and
equals a[f(+00) — f(—o0)].
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This ambiguity can be generalised to an arbitrary (Euclidean) dimen-
sion. Define the function

Afa) = / P [f(x +a) - f(2)] =

—_

/ a’s [aﬂamx) L @0, 1) + 0(¥)| =

[\

a“%f(R)SD(R) , (14)

applying the Gauss theorem. All terms except the first vanish when inte-
grating over the surface R — +oo. Sp(R) = 27P/2R(P=1/T(D/2) is the
surface of the D—dimensional sphere. In the four dimensional Minkowskian
case, we have

Aa) = REIEOOQWQz‘)a“RuRQ f(R) . (15)

Triangle diagram

The conservation of two classical currents 9,J* = 0 and 9,J°* = 0
translates respectively to the equations

k1, AMY =0 and ko, AMY =0, (16)

for the vector current, and
DAM =0 (17)

for the pseudovector one. The first of eq. (16) is given by the expression
k1AM (K ko) =
[ dYp ( N 11
i | — Tr vy ——9" k=~
/(QW)A‘ p—d p—Fkip
1 1 1
AL v
PPy ) (18)
p—d p—Fk P
by substituting the first occurrence of §, as }; = p— (p—¥,) and the second
occurrence of , as f; = (p — k3) — (p — ¢), we obtain

k1AM (K ko) =

A (A L
/(27r)4T<77;¢—517¢%1[p (p %1)]p+
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1

. d4p 1 A5 V]'
Z/(2rr> o <7W il k1 Mzﬁ—kﬂ p) 19
and an analogous expression is obtained for ks, A (k1, k2) by exchanging
k1<—>k2andu<—>y.
When observing the last line of eq. (19), we see that the second term
is obtained by the first term by shifting the integration variable p — p —
k1, so one would infer that the net result is zero and the vector current is

conserved. However, by virtue of eq. (13), this deduction is wrong.
Define the integrand function present in eq. (19)

_ s L1\ TR — Ky )7 MY _
f(m_ﬁ(”p g p) (0 — ko)
4i Tl/o')\k,szo_
(p — k2)?p? (20)

where £777* is the totally antisymmetric Levi—Civita tensor, with €923 = 41,
and from egs. (12) and (15), we obtain

; A
/’Lpl 4ZETVU k27’p0’ 27T2p3

ki AN (o, ko) = 1

G ik
(271_)417_15{1001( ) P P

NV kg £ 0 . (21)

Iyis Q2
Above, we have used the expression p,p,/p* = g,,/4: by contracting
both sides with the inverse ¢, we have

uo 2 uo
pMpUg _ p — gua‘g — 1 . (22)

p2

=2 1

We will now verify the behaviour of eq. (10) with respect to a different
choice of the shift in the integrand. Define the function of an arbitrary vector
a

4
A bk = (_1”3/ (;177]))4 Tr( A 5p+; i

1 Lo 1 1
PEW I R e L p+¢)’ (@3)
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and compute AN (a, ki, ka) — AMY (ky, ko) with the aid of eq. (15) applied
to the function

IR SR AR
f(p)—T<’va_¢7p_%lv“p)

Te[y 2 (p — )" (p — k)" pl .

(24)
(P — ) (p? — k)p?
We have the following property:
f) i ORI T (0 )
P p—>+00 p6 - p6
pQTr (’yA’pr'y”fyr“) —4ip2p06‘7”“’\
p6 - p6 ’ (25)
SO we obtain
4i . PuwDo
Ay Apv — w oV
AV da, ) = A (R ) = o T a2
)
{(, k1) & (0, k2)y = —5e"""ay + {(p, k1) < (v, k2)} . (26)

872

We can parametrise the shift vector a by the two independent momenta
k1 and k- in the following manner:

a= ok + k) + B(k1 — k2) , (27)

and by inserting back this expression into eq. (26), we obtain

AMY (a, k1, kg) = AMY (e, k) + Z—ia‘”’“’\(kl — ko) (28)

We notice that the dependence from « drops out and the result depends
only on the difference k; — ko.

We will now impose the conservation of the vector current in eq. (16).

Not doing so would in fact lead to the non conservation of electric charge

Q: fermions would be created out of nowhere. As this violation has never

been observed in Nature, this constraint on the J* current is of paramount
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importance and can not be avoided. Recalling from eq. (21) that

i

kA (ky, k) = 8?5’\'”0/{71774?20 ; (29)
we have
v Z vVTOo ZB ov
k1AM (a, ky, ko) = @& kirkao + 4 € Nk — ko) (30)

and by choosing 5 = —1/2, we obtain the vector current conservation.

A possible way of understanding this phenomenon is that the Feynman
rules as such are not enough to determine the three point function of eq. (9).
Because of its ambiguity, one has also to impose the constraint of the vector
current conservation.

Chiral current

So far, we have discussed the conservation of the vector current. Is
it possible to impose also the chiral current conservation in the massless
limit? We have already encountered all the necessary machinery neces-
sary to compute the expression 9,,J%:

i

DAM (a, by, k) = AN (k1 k) + 2

" kyakao - (31)

We have

v . d4p 1 v 1
R G e

75¢ ijVV;ﬂ“) +{(n, k1) & (v, ko) } =

)
472

in a fashion analogous to eq. (18). Eventually, for the chiral current, we
obtain:

M AT ko (32)

1
DA (a, ki, ko) = 55" Thinkag #0, (33)
i.e., the chiral current is not conserved even in the massless limit. This phe-
nomenon is known as the chiral anomaly, the axial anomaly or the Adler—
Bell-Jackiw (ABJ) U(1) anomaly (Adler, 1969; Bell & Jackiw, 1969). For

the path integral formulation, see (Fujikawa, 1979).
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Consequences of the chiral anomaly

We have just seen how the triangle diagrams are dependent upon a
variable shift, and that it is impossible to impose both constraints of the
conservation of a vector and chiral current at the same time. This leads
to the breaking of U(1) symmetry and has many consequences. Some of
them will be illustrated briefly.

Add photons - We could add photons to our naive theory of eq. (8), i.e.
L = ipy*(8, —ieA,). Itis equivalent to adding two external photon
lines attached to the vertices  and v of Figs. 1-2. Of course, clas-
sically, the J; current is still conserved, as we did not add the mass
term. At the quantum level, eq. (33) becomes

e2

5 _
otJ, = (am)t

€MVAUF;WF)\0' ) (34)

which is an operator that produces two photons. This term is very

often written as )
e
PRV E
(4m) .

where *F* = ¢#A7 B\ s the dual electromagnetic tensor .

oI = (35)

7% — ~~ decay - With the argument shown in the Triangle diagram sec-
tion, attaching an external line of a pseudoscalar 7 at the two vertices
of Figs. 1-2 and two photons as described above, one can calcu-
late the decay rate of 7 — 2. Historically, people used the erro-
neous quantum conservation of the chiral current to prove that this
decay cannot occur at all! It is interesting to note a posteriori that
(7% — 2v) ~ 7.82 eV, and that its branching ratio is B = I'(z" —
2v)/T" = 99%, for a “non existing” decay channel.

Add a mass term - Our Lagrangian becomes £ = i9)[y*(9,—ieA,) —m]v,
and explicitly spoils the conservation of .J° as illustrated in eq. (6). So
we have )

5 _ o T 5 € VAo
a,uJH = 2“7“/)7 d) + Weu F/UJF)\U s (36)
i.e. the classical explicit mass term that violates the chiral current
conservation and the quantum term with the analogous effect add up.
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Regularisation - Since the triangular diagrams in Figs. 1-2 are linearly di-
vergent, one could wonder whether some sort of regularisation would
be able to cancel the anomaly. Dimensional regularisation (Bollini &
Giambiagi, 1972; 't Hooft & Veltman, 1972) cannot be used this time,
because the 4° matrix in D dimensions defined as v° = i70~! ... 4P~1,
in the odd dimensional spacetime still obeys the Clifford algebra
{7, 4"} = 2¢g" and {y*,~+°} = 0, but is inconsistent with the trace
properties, i.e. does not obey the relation

Tr(v#4" v 777%) £ 0. (37)

One could use the Pauli-Villars regularisation (Pauli & Villars, 1949)
discussed in (Fabiano, 2022b). Keeping to 0 the electron mass and
introducing a regulator mass M, the behaviour of the integrand in the
three point function of eq. (10) is unchanged for p <« M and is superfi-
cially logarithmically divergent, so one is allowed to shift the integrand
variable. Yet the chiral current is again not conserved after the intro-
duction of M, as precisely this mass term violates the chiral symmetry.
This breaking still persists even after the regulator M — +oc.

Yang-Mills theory - Consider the massless version of the La-
grangian (Yang & Mills, 1954) of eq. (20) of (Fabiano, 2022c),
i.e. £ =ipy"(d, — igAf,T*). The difference with the Abelian case
is that we insert a factor T* at the vertex labelled by x and a factor
T? at the vertex labelled with v. For a non Abelian gauge theory, one
obtains

2
w75 g UvAo
orJy, (47T)45 GwGro (38)
where G, = G}, T". Because the field strength defined in eq. (21)
of (Fabiano, 2022c) contains also the terms cubic and quartic in A,
beyond the triangle anomaly, we also have square and pentagon
anomalies.
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Abstract:

Introduction/purpose: This paper provides a survey of handwritten digit
recognition methods tested on the MNIST dataset.

Methods: The paper analyzes, synthesizes and compares the develop-
ment of different classifiers applied to the handwritten digit recognition
problem, from linear classifiers to convolutional neural networks.

Results: Handwritten digit recognition classification accuracy tested on
the MNIST dataset while using training and testing sets is now higher
than 99.5% and the most successful method is a convolutional neural
network.

Conclusions: Handwritten digit recognition is a problem with numerous
real-life applications. Accurate recognition of various handwriting styles,
specifically digits is a task studied for decades and this paper summa-
rizes the achieved results. The best results have been achieved with
convolutional neural networks while the worst methods are linear classi-
fiers. The convolutional neural networks give better results if the dataset
is expended with data augmentation.

Key words: handwritten digit recognition, image classification, support
vector machine, deep neural networks, convolutional neural networks,
hyperparameter optimization, swarm intelligence, MNIST.

Introduction

Nowadays, computers can be considered an essential part of our lives;
they changed the way of handling problems in everyday life as well as in sci-
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ence. They are capable of processing information much faster compared
to humans. However, the ways of processing data in the human brain and
in the computer are completely different. While computers can process bil-
lions of mathematical operations in a second and are incomparably better
than humans in that area, there are tasks where computers are significantly
inferior. Recognizing different objects such as identification of people, for
example, is a task that humans do in a fraction of a second. Regardless
of the variety of lighting conditions, angles of observation, hairstyles, etc.
identifying people is not challenging for humans and it does not require any
special education, capability, or skills for that. On the other hand, explain-
ing to the computer how to identify people is a really difficult task.

The complexity of the object recognition problem can be illustrated by
the case when only a limited number of objects, e.g. digits and letters,
should be recognized by a computer. This problem has practical appli-
cations such as license plate recognition. One of the most intuitive ap-
proaches for this recognition would be template matching. Template match-
ing is a technique that requires a database of images of objects, in this
case, digits and letters. Recognition is done by comparing an image of
an unknown object with the images from the database and looking for the
closest match. It is a simple task, a simple image comparison. However,
the problem with this simple solution is that when it comes to practical ap-
plication, images of digits and letters could be taken under different angles,
light can be different, license plates can be covered by dirt, etc.; hence a
database should contain a huge number of such images and matching be-
comes very difficult and time consuming. Due to the mentioned reasons, it
gives very poor results in practice.

To get better results, it is necessary to present data differently. A raw
image is not very informative to a computer, and it would be more efficient
if numerical data that represent certain characteristics or features of those
images were used. For example, a histogram of projections is one simple
feature that could be used to recognize regularly shaped characters (let-
ters and digits) (Fig. 1 presented in (Nosseir & Roshdy, 2018)). The num-
ber of required computations is significant and humans certainly would not
use that method, but that suits the computer and enables it to recognize
characters much more precisely. Other features such as projections under
different angles, contours, edges, etc. can be added to increase recogni-
tion accuracy. Computer recognition of regularly shaped characters is a
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challenging task but appropriate methods were proposed a long time ago
and nowadays there are numerous practical applications where they are
used (e.g. license plate recognition at toll gates, traffic control, etc.).

L

g

Figure 1 — Histogram of the projections on the x- and y-axes
(Nosseir & Roshdy, 2018)
Puc. 1 - FTucmoepamma ripoekyudi no ocam x u 'y (Nosseir & Roshdy, 2018)
Cnuka 1 — Xucmoepam rnipojekyuja Ha x- u y- ocy (Nosseir & Roshdy, 2018)

The next level of difficulty would be the recognition of handwritten cha-
racters. Even though this sounds like a similar problem to the previous one,
it is significantly more complex. Reading handwriting is often challenging
even for a human due to a large number of different handwriting styles that
are sometimes rather illegible. Since this is a very complicated problem,
the recognition of only handwritten digits, without letters, was studied as
a separate problem. The need for applications that recognize handwritten
digits appears for automatic sorting of mail with zip codes or for sorting
bank checks. Fig. 2 presents a variety of writing styles where it can be
seen that some handwritten digits are difficult to identify.

Handwritten digit recognition is an old practical problem that has been
researched for decades. Initial results were not acceptable for practical use
while nowadays even real time methods for handwritten character recog-
nition are widely available and successfully used for numerous purposes.

This paper reviews the methods for handwritten digit recognition. First,
the problem formulation and the benchmark dataset for handwritten digit
recognition are presented. Next, the classification methods and the pro-
posed features from literature are described. After that, the classifiers and
the features mentioned in this paper along with the obtained classification
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Figure 2 — Examples of digits hard to recognize
Puc. 2 - lNpumepbl mpyOHOpacno3HasaeMbix yugp
Cnuka 2 — lNpumepu yughapa mewkux 3a rnperno3Hasame

error rates are described and summarized in a table. Finally, the conclu-
sions about the quality of different classifiers and features are presented.

Handwritten digit recognition - a classification problem

Handwritten digit recognition is a classification problem which is a su-
pervised machine learning task. Machine learning is a subset of artificial
intelligence algorithms used for instructing computers how to learn from
given data instead of relying on explicit specification of steps. The main
tasks of machine learning are unsupervised, supervised and reinforcement
learning. In unsupervised learning, the computer uses the given data and
searches for a pattern in them. The result should be the data grouped
based on their similarities. On the other hand, in supervised learning, the
groups or classes are known, given by the user, and the task is to create
a model that will be able to label each instance with the correct class. In
order to do that, a training set, and set of instances with their corresponding
labels are needed so the algorithm can learn the pattern. Reinforcement
learning methods are based on rewards for desirable actions and penalties
for undesirable ones. It teaches an intelligent agent which action to take in
order to maximize the reward.

The classification problem has been studied widely for several decades.
This resulted in numerous different classification algorithms where each
of them has advantages over others for certain types of problems. The
simplest classifiers include linear classifiers where the decision is made
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based on the linear combination of inputs. Linear classifiers are good for
problems where instances are linearly separable which is rarely a case for
real life problems. Non-linear classifiers are more applicable and nowadays
there are many of them. Some of widely used non-linear classifiers are
k-nearest neighbors, support vector machines, artificial neural networks,
convolutional neural networks, etc.

Handwritten digit recognition has been widely studied for decades and
with the development of classification methods, the accuracy of handwrit-
ten digit recognition has increased. For digital image classification prob-
lems such as handwritten digit recognition, usually, instead of a raw image
as an input, various image features were extracted and used.

MNIST dataset

Considering the long history of studying this problem, handwritten digit
recognition has become a benchmark problem for testing new machine
learning classifiers. In order to enable a comparison between different
methods for handwritten digit recognition, the MNIST dataset was pro-
posed. The MNIST (Modified National Institute of Standards and Tech-
nology) is a standard benchmark dataset of handwritten digit images made
in 1998 (Lecun et al., 1998). It was made by regrouping, selecting, and
resizing images from two different special NIST datasets. Digits in the first
special NIST dataset were written by high school students and the second
dataset contains digits written by the employees of the United States Cen-
sus Bureau. Usually, for the training set, only the digits written by the em-
ployees were used and the model was tested on the digits written by high
school students. The images in the MNIST dataset were mixed from both
sets and the test set does not contain the digits written by the same person
as in the training set. The originally binary images from the NIST were nor-
malized to size 20x20 while preserving the aspect ratio. Due to anti-aliasing
during the normalization process, the resulting images are gray scale ima-
ges instead of binary ones. The final images were at the end boxed so the
size is 28x28 pixels.

The MNIST database consists of 70,000 images in total, divided into
training and test sets. The training set consists of 60,000 images while
the testing set has the remning 10,000 images of handwritten digits. The
distribution of the number of images of each digit in the training and test
sets is presented in Fig. 3.
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Figure 3 — Distribution of the digits in the MNSIT dataset
Puc. 3 — PacnpedeneHue yugp 8 Habope daHHbix MNSIT
Cnuka 3 — Quecmpubyuyuja yugpapa y MHUCT ckyny no0amaka

The examples of the images in the MNIST dataset are presented in
Fig. 4.

4
Figure 4 — Examples of the images in the MNIST dataset

Puc. 4 - lNpumepbi uzobpaxxeHuti 8 Habope daHHbiIx MNIST
Cnuka 4 — lNpumepu cnuka us MHUCT ckyna nodamaka

Classification tested on the MNIST dataset

The results reported on the widely known and used Kaggle platform for
data science and machine learning can give an idea of what has been re-
searched so far about the handwritten digit recognition problem. For official
purposes, only the results published in the recognized scientific journals
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should be considered, but these results could be a good starting guidance
for research.

Based on the data from 2018, the classification accuracy on the MNIST
dataset was up to 99.8% while a higher accuracy is possible only if all data
are used for creating a model and the reported results show the accuracy
of the training process. The results are presented in Fig. 5 (Deotte, 2018).

Histogram of Kaggle MNIST public leaderboard scores, July 15 2018

200~

CNN + Data Augmentation
0.996 - (top 10%)

ETIae Best Possible:
- 0. Ensembled
(top 35%) CNN 0.9970
to 0.9979
(top 5%)

Full{/Ccnnected NN
or SVM, or XGBoost

random forest
50 - or kNN - 0.970
(top 75%)

Linear Models
0.920

0.95 056 047 0.98 0.9 1.00
Score

Figure 5 — Classification accuracy on the MNIST dataset (Deotte, 2018)
Puc. 5 — TouHocmb knaccucpukayuu e Habope daHHbIx MNIST (Deotte, 2018)
Cnuka 5 — TayHocm knacugukauuje Ha MHUCT 6a3u nodamaka (Deotte, 2018)

The graph presented in Fig. 5 shows the classification accuracy on the
x-axis and the number of the reported results on the y-axis. One of the con-
clusions from the graph in Fig. 5 is that linear classifiers produced very poor
accuracy and consequently were used less. Non-linear classifiers such as
random forest and k-nearest neighbors are the second worse methods.
The average classification accuracy was 97%. Artificial neural networks,
support vector machines and XGBoost are slightly better for the handwrit-
ten digit recognition problem tested on the MNIST dataset. The average
classification accuracy for these methods was 98%. A significant rise in the
number of reported results is recorded for convolutional neural networks.
The accuracy achieved by the CNN is higher than 99% and rises if the
dataset is extended by data augmentation. In that case, the classification
accuracy reaches up to 99.8%. The results that report higher classification
accuracy were trained on the whole dataset which means that a training
accuracy was reported, hence the comparison is not fair.
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Linear classifiers

Linear classifiers are machine learning algorithms that classify instances
based on the linear combination of their features. Some examples of the
linear classifiers are linear discriminant analysis, regularized discriminant
analysis, naive Bayes, logistic regression, support vector machine (SVM)
without kernel trick, artificial neural network (ANN) without hidden layers,
etc. The advantage of these classifiers is significantly less time needed for
training and testing compared to non-linear models. On the other hand,
the classification accuracy for complex problems is usually smaller. For
certain types of classification problems with many features and data that
are linearly separable, such as document classification, linear classifiers
showed great results (Huang & Lin, 2016; Yuan et al., 2012).

In general, linear classifiers are not suitable for handwritten digit recog-
nition. The results obtained by them are significantly lower compared to
non-linear methods which is the reason why there are not a lot of recent
results reported. In (Lecun et al., 1998), the proposed MNIST benchmark
dataset was trained by various machine learning methods. The error rate of
the linear classifier was 12.00%. A set of linear classifiers that classify digits
pairwise, nowadays known as the one against one method of multiclassi-
fication with binary classifiers, led to the improvement of the classification
of handwritten digits so the error rate was 7.60%.

The results of linear classifiers were improved in (Ebrahimzadeh & Jam-
pour, 2014) where a linear SVM was proposed. A histogram of oriented
gradients was used as the feature vector. The error rate obtained by the
proposed feature set and a linear SVM was 2.75% which according to the
extensive search of the literature is the lowest error rate obtained with the
linear classifier.

Non-linear classifiers

The k-nearest neighbors (kNN) is a machine learning algorithm that can
be used for classification. The kNN does not require any training and clas-
sification is done by a simple comparison with the available training data.
The class of unknown instances is determined by the k nearest known in-
stances, i.e. neighbors, where k is a positive, usually odd, integer. The
class of the unknown instance is the same as the class of the majority of its
neighbors. When using the kNN for classification, it is important to choose
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the right distance metric and value for k. Smaller values for k reduce the
reliability of the classification results while larger values for the parameter
k can improve the classification accuracy but improvements are made up
to a certain point and if the set value is too large, the error rate would start
increasing again.

The major advantage of the kNN is its simplicity and the time saved
for training. This can also be considered a disadvantage in some cases.
Other classifiers would be trained just once and the generated model is
later used for determining a class of the new instance. After a classifica-
tion model is found, the classification of unknown instances is rather fast -
it is only necessary to calculate the value of a more or less complex math-
ematical function. With the kNN, each new instance has to be compared
with all instances in the training set which, depending on the dataset size,
makes it not usable for real-time classification. In general, a larger train-
ing set is desirable for increasing the accuracy of the model and a better
identification of outliers. Another component that affects the classification
time is the number of features. However, classification by the kNN enables
some kind of reinforcement learning since the training test grows with each
new instance that is tested.

The kNN has been used for handwritten digit recognition with different
feature sets. In (Grover & Toghi, 2020), padding of size 2 was added to the
original images in the MNIST dataset so the images were of size 30x30. By
using the sliding window method, eight new images were generated from
each image in the training set. Instead of comparing a new instance with
just original images from the training set, it was also compared with the
newly generated images. This was done to reduce mistakes in classifica-
tion due to small spatial translation in images. The Euclidean distance was
used as a distance metric. The error rate of classification with the proposed
method was 2.27%.

The kNN classification based on structural and statistical features of
handwritten digit images was proposed in (Babu et al., 2014). The fea-
tures included in the (Babu et al., 2014) are the number of holes in a digit
image, area, height, width and width to height ratio of the digit in the images,
horizontal and vertical crossing, branch, and cross points. The preprocess-
ing step included binarization and noise removal. Based on 18 extracted
features and the Euclidean distance and 5,000 test images, the error rate
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obtained by the kNN classifier was 1.58%. The parameter k of the kNN
was set to be 1.

Another approach that proposes kNN as a classifier was presented in
(Imi et al., 2016). The feature set was based on well-known texture fea-
tures, i.e. the local binary pattern (LBP). The LBP is chosen since it is
invariant to monotonous variance on grayscale images. Additionally, a ro-
tation invariant variant of the LPB was used. The proposed method was
tested with the kNN where the k was 10. The minimal error rate was when
all pixels of the digit image were used and it was 10.19%.

The naive Bayesian classifier has been used for pattern recognition
and other classification problems for decades (Bhagya Shree & Sheshadri,
2018; Lyu et al., 2018; Zhai et al., 2015). It represents a machine learning
method that assumes conditional independence between features. This
assumption can decrease the probability of overfitting the model, but the
issue that occurs for higher dimensional problems, i.e. classification of
instances with numerous features, is numerical underflows. In (Wang &
Zhang, 2020), usage of geometric means on likelihoods was proposed
for solving this problem. The features of the instances given to the naive
Bayesian classifier were the binarized pixel values of the images from the
MNIST dataset. The authors in (Wang & Zhang, 2020) acknowledge the
problem that the assumption needed for this classifier does not hold, but in
order to test the proposed method of solving the numerical underflows prob-
lem, they used the MNIST dataset. The error rate was 18.60% which is very
low for this dataset, but the classifier was applied on raw data instead of on
the features. Better results were achieved with the naive Bayesian classi-
fier when different features were used for training in (Armstrong, 2019). The
feature set included the ark length which is the longest continuous set of
pixels of the digit, the enclosed area or the number of pixels inside a closed
contour, the number of contours, the histogram of oriented gradients, and
the image moments. With this set of features, the naive Bayesian classifier
achieved the classification error of 10.03%. In general, there are not a lot
of papers that use this classifier since it cannot achieve results comparable
to other machine learning algorithms.

Support vector machine

The support vector machine (SVM) is a very powerful classifier that has
been used in various applications for decades. The SVM has been applied
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to classification problems in numerous areas such as medicine (Kang et al.,
2019), (Wang et al., 2018), economy (Sivaram et al., 2020), signal process-
ing (Esmaili et al., 2016), agriculture (Sethy et al., 2020), etc. Originally, the
SVM was just a linear binary classifier where instances were presented as
points in the space and based on them, the optimal hyperplane that sepa-
rates points from different classes was found. The original idea of the SVM
could not be used for solving most of real life problems since data had to
be linearly separable. In order to make the SVM usable, it was adjusted
to allow minor mistakes in the classification of the instances in the training
set. Additionally, a kernel trick was introduced which made classification
of non-linear data more efficient. This version of the SVM, with the slack
variable for allowing misclassification and the kernel trick, was introduced
in 1995 by Vapnik (Cortes & Vapnik, 1995) and it is still used.

The non-linear support vector machine was applied to the problem of
handwritten digit recognition and achieved among the best results until the
convolutional neural networks. One of the main issues when using the SVM
is to find a good set of features that describes images. It is necessary to
capture the similarity of images of the same digit and to distinguish different
digits as easily as possible. Another problem when using the SVM is finding
the optimal parameters for a kernel function.

Numerous different features were proposed and combined for digits in
the MNSIT dataset. In (Patel & Kalyani, 2016), an inverse fringe distance
map (IFDM) was proposed and the results were compared with the sim-
ple fringe distance map (FDM). The fringe distance map represents the
distance of each pixel in the image from the closest black pixel. Before cal-
culating the map, it is necessary to transform an image into a binary image,
where the pixels of the digit are black and the background consists of white
pixels. Finding the IFDM is the opposite - calculating the distance of each
pixel from the nearest white pixel. Since images are 28x28, in total, the
dimension of the feature vector is 784. The classification error was 2.86%
when using the FDM, 2.28% for the IFDM. By combining the FDM and the
IFDM into one feature vector, the error rate was 2.45%.

The support vector machine optimized by the swarm intelligence algo-
rithm was proposed for the classification of the MNIST dataset where each
digit was presented with the histograms of projections to four different axes:
r=0,y=0,y==xandy = —zin (Tuba et al., 2016). The dimension of
the feature vector was 166. The error rate was 4.40%.
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In (Gattal et al., 2014), a support vector machine with the radial basis
function kernel was used for handwritten digit recognition based on global,
local, structural and statistical features. The authors proposed image rep-
resentation by global features: density, the center of gravity, the second-
order geometrical moments, and the number of transitions, Hu’s invariant
moments, Zernike moments, skew, horizontal and vertical projections his-
tograms, profile features: contour and skeleton of the image and coeffi-
cients of Ridgelet transform. In total, there were 101 features. When only
one set of features was used, the highest classification accuracy was ob-
tained when only global features were used. In that case, the error rate
was 6.19%. By combining all features, the error rate dropped to 3.38%.

Other widely used features are extracted from the frequency domain.
For transforming the image from the spatial to the frequency domain, a
discrete cosine transform (DCT) or a discrete wavelet transform (DCT) can
be used. The discrete wavelet transform generates four sub-images that
represent high and low frequencies along with different directions. In (Aider
et al., 2018), the support vector machine was trained with a combination
of different sub-images generated by the wavelet transform as features.
Based on the reported results, usage of just high frequencies leads to the
lowest classification accuracy with an error rate of 29.23%. On the other
hand, with only low frequency components for features, the error rate was
minimal, 1.24%. It was an expected result since low frequencies are less
sensitive to different writing styles.

Features extracted from the frequency domain were used for training
the support vector machine in (El gacimy et al., 2014). The DCT generates
a matrix of frequency coefficients of the same size as the original image
in the spatial domain. In (El qacimy et al., 2014), the importance of the
number of the coefficients used for handwritten digit recognition was tested
as well as the order in which they are put into the input feature vector.
Handwritten digits are of size 28x28, so in total, there are 784 coefficients.
The presented results show that if the 100 coefficients from the upper left
corner (low frequencies) were put in the feature vector, read in the zig-zag
order, the error rate was 1.29% while the 256 low-frequency coefficients
read sequentially gave the error rate of 1.34%. The lowest error rate was
obtained when the DCT was applied to non-overlapping blocks of size 7x7
and 10 coefficients from each of these16 non-overlapping blocks (the input
image was 28x28 pixels, 16 blocks of 7x7 in total) were put into the feature
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vector in the zig-zag order. The error rate, in that case, was 1.24%. The
classification was done by the support vector machine.

The authors in (Das et al., 2012) proposed the support vector machine
classification with a combination of 84 quad-tree based hierarchically de-
rived longest-run (QTLR) features and 200 modular principal component
analysis features. The QTLR features are topological features and are of-
ten used for optical character recognition. The problem with the QTLR
features is that they are not good for capturing global statistical information
which is why the authors proposed a combination with the MPCA method.
The MPCA is a statistical method that has been commonly used for dimen-
sion reduction by finding the best variance of data. The proposed method
tested on the MNIST dataset obtained an error rate of 1.60%.

Artificial neural networks

Artificial neural networks (ANN) along with the SVM with the appropriate
feature set have been giving the lowest error rate for the handwritten digit
recognition problem. An ANN consists of the input and output layers, with
one or more hidden layers between them. Each layer has a number of
nodes as parameters. The number of nodes in the input layer is equal to
the number of features that describe the images in the training set while
the output layer has one node for each class. The nodes in the hidden
layer are chosen by the user and the value of each node is obtained as the
weighted sum of the node values from the previous layer. The simple ANN
is presented in Fig. 6.

In (Ciresan et al., 2010), five different ANN architectures were tested
for handwritten digit recognition. The MNIST dataset was used for testing,
but the training set was expanded by deformed images. Digit images were
transformed using affine and elastic transformations. The proposed net-
works had from 2 to 5 hidden layers and the number of neurons in each
layer was between 500 and 2500. The last tested network had 9 hidden
layers with 1000 nodes in each of them. The highest classification accu-
racy was achieved with the network with 5 hidden layers and the error rate
was 0.32%.

The committee of 25 neural networks for handwritten digit recognition
was presented in (Meier et al., 2011). Each network had one hidden layer
with 800 nodes. The proposed method was tested on the original MNIST
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Figure 6 — An example of the ANN architecture
Puc. 5 - lNpumep apxumekmypbi ANN
Cnuka 5 — lNpumep apxumekmypa eeuwimadke HeypasHe Mpexe

dataset as well as on preprocessed and deformatted images. The average
error rate was 0.38%.

For digital image classification, the best type of neural networks to use
are convolutional neural networks.

Convolutional neural networks

Convolutional neural networks (CNN) are a specific type of neural net-
works that are especially useful for classification problems where the corre-
lation between inputs is strong and should be considered when processing
them. Examples of such problems are voice and image classifications. The
CNN were introduced decades ago, but the lack of computational power
and large datasets for training held further research until several years ago.

The accuracy of the CNN highly depends on their architecture and hy-
perparameters. Finding the optimal configuration for the CNN represents a
hard optimization problem (Tuba et al., 2021). It is equivalent to the prob-
lem of the traveling salesman, and there is no deterministic algorithm that
can produce the result in a reasonable amount of time. Solving such prob-
lems are of interest for decades and various effective techniques have been
proposed so far. One group of algorithms named swarm intelligence algo-
rithms was among the most efficient stochastic methods for tackling hard
optimization problems. In recent years, the classification error produced
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by the CNN is reduced by optimizing the network by swarm intelligence
algorithms.

In (Tuba & Tuba, 2021), a simple optimization of the CNN for the MNIST
dataset was proposed. The firefly algorithm was proposed for finding hy-
perparameters such as kernel size, padding and the number of feature
maps while other hyperparameters were fixed. The architecture was based
on LeNet-5. The optimized CNN has an error rate 0.84% while the original
LeNet-5 has 1.06%.

Adaptation of the particle swarm optimization (PSO) for the CNN opti-
mization was proposed in (Li et al., 2019). The quantum behaved particle
swarm optimization with binary encoding (BQPSO) was used to find the
optimal values for the kernel size, the number of feature maps, stride as
well as padding of the convolutional layers, while the considered hyperpa-
rameters of the pooling layer are padding, kernel size, and type of pooling
layers. Finally, fully connected layers were optimized by finding the values
for the number of neurons. The architecture of the network was also vari-
able of the BQPSO, i.e. the number and order of different layers. Besides
the original MNIST dataset, in (Li et al., 2019) the complex MNIST dataset
was used. That dataset contains rotated digits and background images.
The error rate was 0.99%.

The hyperparameters of the CNN were tuned by the artificial bee colony
optimization (ABC) in (Zhu et al., 2019). The ABC algorithm was used to set
values for 13 CNN hyperparameters. Some of the hyperparameters that
were considered are the number, type and order of layers, kernel sizes,
learning rate, batch size and dropout probability. The classification error of
the proposed CNN tested on the MNIST dataset was 0.74%.

In (Bacanin et al., 2020), the hybridized approach was proposed for find-
ing the optimal configuration for the CNN. The monarch butterfly optimiza-
tion algorithm (MBO) was improved by adding operators from the artificial
bee colony algorithm and the hybridized method (MBO-ABC) was used for
finding the optimal CNN. In total, 5 hyperparameters of the convolutional
layer, 6 hyperparameters of the pooling layer and 3 general hyperparame-
ters were tuned. The original MBO generated a CNN with the error rate of
0.36% while the hybridized approach, the MBO-ABC, 0.34%.
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Summary

Besides considering the classification accuracy or the error rate as a
metric for comparing different classifiers, it is important to mention training
and classification time. In general, the training time with the same features
depends on the classifier and chosen features. More features will most
likely improve the classification accuracy but it will also extend training and
classification time since for each input instance it is necessary to find those
features. In general, the kNN does not have the training time, but the classi-
fication time is long and depends on the number of instances in the training
set. All other classifiers have the training time where linear classifiers, the
naive Bayesian and the SVM with the linear kernel are similar, while for
the ANN and the CNN training time depends on the network architecture.
However, the ANN and the CNN usually do not have a feature extraction
step which results in reduced classification time once the network is trained.
All methods presented in this survey are used for offline handwritten digit
recognition and training time is less important than classification accuracy.
With today’s technology, the calculation of all mentioned features is very
fast and usually not considered an important measure of the handwritten
digit recognition methods.

Table 1 summarize the results presented in this survey.

Conclusion

Handwritten digit recognition is a problem of a great practical impor-
tance. In the last several decades, multiple different classification methods
were proposed for this problem and for the purpose of testing the bench-
mark dataset was created, the MNIST dataset. Nowadays, the classifica-
tion error on the MNIST dataset is less than 0.5% when using convolutional
neural networks, while other classifiers can also achieve classification ac-
curacy above 99%. Since it is a well studied problem, the MNIST dataset
is now not just a dataset for the handwritten digit recognition problem, but
it is also used as a standard benchmark dataset for testing new classifiers.
Based on the detailed literature review, it can be concluded that the CNN
are the state-of-the-art method for image classification, while deep artifi-
cial neural networks and the optimized SVM can give comparable results.
Linear classifiers are not suitable for this problem.
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Table 1 — Classification errors for the MNIST dataset with different classifiers
Tabnuua 1 — Owubku knaccugukayuu 8 Habope OaHHbIX MNIST ¢ pa3HbimMu

Knaccughukamopamu
Tabena 1 — lpewka knacugukavyuje MHUCT 6a3se ca paznudumum
Knacugukamopuma

Method Description Error rate (%)
Linear classifier (Le- | NA 12.00
cun et al., 1998)
Set of linear classi- | One against all method for binary 7.60
fiers (Lecun et al., | classifier
1998)
Linear SVM | Histogram of oriented gradients 2.75
(Ebrahimzadeh &
Jampour, 2014)
kNN (Grover & Toghi, | Euclidean distance, expanded train- 2.27
2020) ing dataset
kNN (Babu et al., | Structural and statistical features 1.58
2014)
kNN Rotation invariant LBP 10.19
Naive Bayesian | Binarization 18.60
(Wang & Zhang,
2020)
Naive Bayesian | Structural features, histogram of ori- 10.03
(Armstrong, 2019) ented gradients, and image mo-

ments
SVM (Tuba et al., | Histograms of projections to four dif- 4.40
2016) ferent axes
SVM (Gattal et al., | Density, center of gravity, the sec- 6.19
2014) ond order geometrical moments and

number of transitions, Hu’s invariant

moments, Zernike moments, skew,

horizontal and vertical projections

histograms

added contour and skeleton of 3.38

the image and coefficients of the

Ridgelet transfom
SVM (Patel & | Fringe distance map 2.86
Kalyani, 2016)

Inverse fringe distance map 2.28
SVM (Das et al, | 84 quad-tree based hierarchically 1.60
2012) derived longest-run and 200 mod-

ular principal component analysis

features
SVM (Aider et al., | High frequencies coefficients of the 29.23
2018) DWT

Low frequencies of the DWT 1.24
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Method Description Error rate (%)
SVM (El gacimy etal., | Upper left corner of the DCT coeffi- | 1.29

2014) cients in the zig-zag order
256 DCT coefficients, upper left cor- | 1.34
ner, sequentially read
10 DCT coefficients from each of 16 | 1.24
non-overlapping blocks of size 7x7
in the zig-zag order

ANN (Ciresan et al., | Raw images 0.32
2010)
ANN (Meier et al., | Raw images 0.38
2011)
CNN (Tuba & Tuba, | Raw images, FA 0.84
2021)
CNN (Li et al., 2019) | Raw images, PSO 0.99
CNN (Zhu et al, | Rawimages, ABC 0.74
2019)
CNN (Bacanin et al.,, | Raw images, MBO 0.34
2020)
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Pesrome:

BeedeHrue/yenb: B daHHOU cmambe npedcmasneH 0630p me-
moQdo8 pacrosHagaHusi PyKOMUCHbIX Yugp, npomecmuposaH-
HbIX Ha Habope OaHHbIx MNIST.

Memodki: B daHHOU cmambe aHa/u3upyrmcs, CUHMmMe3upy-
tomesi u cpasHugaromesi paspabomku pas3nuyHbIX Knaccuguka-
mopos, npumeHsieMbIx K 3adaye pacrio3HasaHUsi PyKOMUCHBIX
uughp, om sIUHelHbIX Knaccugukamopos 00 C8EPMOYHbLIX Hel-
POHHbIX cemedl.

Pesynbmamei: ToyHocmb Knaccugukauyuu pacriosHasaHusi py-
KOMUCHBbIX yughp, npomecmuposaHHass Ha Habope OaHHbIX
MNIST npu ucnonb3o8aHuu obyyarowux U mecmosabix Habopos,
menepb npesbiwaem 99,5%, a Haubonee ycriewHbIM Memooom
s6715emcs ceepmoyHasi HelipoOHHasi ceme.

Bbigodbi: Pacrio3HasaHue PyKOMUCHbIX yughp Sensemcs rnpo-
briemMol 80 MHO2UX cumyauyusix peasibHoU XU3Hu. To4YyHoe pac-
ro3HasaHue pasfiuyHbIX cmunel noyepka, 8 YacmHocmu yuagp,
usyyaemcs yxe Oecamunemusmu. B OaHHoOU cessu 8 cma-
mbe 0606WeHHO ornucaHbl 00CMuU2Hymble paHee pe3yfbma-
mbl. Haunyqwue pesynbmamsi 6b151u 0ocmugHymbl ¢ MOMOUW,bHO
C8EepMOYHbIX HeUPOHHbIX cemel, 8 Mo 8peMs Kak Xyowumu me-
modamu oka3anuch JluHelHble Knaccughukamopsl. Ceepmouy-
Hble HelpPOHHbIe cemu darom syduiue pesyfbmamsl, ecriu Ha-
60p OaHHbIX pacwupsemcs ¢ MoMowbto AonoIHeHUs1 OaHHbIX.

Knrovesnle criosa: pacriosHagaHue pyKOMUCHbLIX Yyughp, Krnaccu-
ukayusa uzobpaxeHutl, MawuHa OMOPHbIX 8EKMOPOS8, ar1ybo-
Kue HelUpOHHbIe cemu, C8epmMoYHbIe HElPOHHbIE cemu, ornmu-
mu3ayus eunepnapamempos, poesotli uHmesnekm, MNIST.

MeToae knacudukaumje 3a npenosHaBake PyKom MMCaHnx
undbapa: nperneg

Upa M. Tyba, YHa M. Ty6a, MnadeH b. BenHoBuh, ayTop 3a
npenucky

YHuBep3auteT CuHrngyHym, dakynteT 3a nHdopmaTuky 1 padyHapcTBo,
Beorpaa, Penybnuka Cpbuja

OBINACT: maTemaTuka, payyHapcke Hayke
BPCTA YJIAHKA: nernegHu pag
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Caxxemak:

Yeood/uurb: Y pady je npedcmasrbeH ripeaned memoda 3a rpe-
ro3Hasam-€ PyKoOM nucaHux yugpapa mecmupaHux Ha MHUCT
CKyr1ly nodamaka.

Memode: Pad aHanu3upa, cuHmemuuwe u yriopefjyje passoj pa-
371UNUMUX Knacugbukamopa rnpuMeH-eHUXx 3a NMperno3Hasar-e py-
KOM nucaHux yughapa, 00 nuHeapHuUx Knacugukamopa 00 KOH-
B0JTYYUJCKUX HEYPOHCKUX Mpexa.

Pesynmamu: TayHocm knacugbukayuje 3a rperosHasame py-
KOM nucaHux yughapa mecmupaHa Ha cKyr noGamaxka MHUCT
00K ce Kopucmu CKyr 3a mpeHupare U mecmuparse je cada ge-
ha Hezo 99,5%. HajycnewHuja memoOa je KOHeosnyyujcka Hey-
POHCKa Mpexa.

Bakrbyyak: Ta4yHO Mperio3Hasaw-e pas3nuyumux cmusoea py-
Kornuca, KOHKpemHo Uu- ¢hapa, rpoyd4aeaHo je deueHujama, a
y pady cy cymupaHu riocmusHymu pedynmamu. Hajéorbu cy
rnocmueaHy- mu ca KOHBOITyUUjCKUM HEeYPOHCKUM Mpexama, 00K
cy Hajnowuje memode nuHeapHu Knacugukamopu. KoHeosy-
uujcke HeypoH-cke Mpexe Oajy borbe pesynimame ako je CKyr
rnoBamaka npowupeH memodom ayameHmauuje.

KrbyyHe peyu: nipernosHasare pyKkoM rucaHux yughapa, Knacu-
ukayuja cnuka, MalwuHa MOMMNOpPHUX eekmopa, Oyboke Hey-
POHCKE Mpexe, KOHBOMYUUJCKE HEYPOHCKe Mpexe, ornmumu3a-
Yuja xunieprnapamemapa, uHmenuaeHyuja poja, MHUCT.
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Abstract:

Introduction/purpose: This paper aims to present military green technology
through present concepts, solutions and challenges, as well as through
future trends, particularly in wireless communication.

Methods: Analyses and syntheses were used to consider various aspects,
challenges and developments of military green technology.

Results: Important aspects of organization, challenges and strategies
in military green technologies are presented. Next, the role of a green
energy action plan is emphasized. Furthermore, green defence
solutions and security challenges are considered. Besides presenting
green technologies of today, primarily focused on wireless networks,
especially 5G, the paper also considers the impact of biofuels,
methanol-based fuel cells, hydrogen fuel cells, hybrid electrical
vehicles and photovoltaic energy. Finally, green technologies for the
future are presented through some of the most important technologies:
next generation wireless networks, pulse detonation engines,
piezoelectricity, and biodegradable platforms.

Conclusion: Military green technology is now necessary for approaching
wireless networking in order to meet challenges of high demands of
wireless traffic and energy consumption. Also, military green technology
will require further constant considerations in the field of efficiency and
sustainability of application as well as research to provide different
acceptable solutions, not only in technical, but also in the organizational
domain, in order to be applied in military environment.

Key words: wireless networks, methanol-based fuel cells, hydrogen
fuel cells, photovoltaic energy, pulse detonation engines,
biodegradable platform.
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Introduction

Military green technology evolution has a large impact not only on
the development of active research in wireless communications, but also
on industry applications. Some examples are network technologies and
energy efficiency algorithms as well as protocols, service quality
provisioning, etc. All these issues require interdisciplinary fields such as
various networks, power systems, and devices. In wireless systems i.e.
mobile users or service providers, energy efficiency (EE) and networking
are of huge importance. A range of main wireless technologies are part
of new networks such as device-to-device communication, spectrum
sharing, Internet of things, ultra-dense networks, etc. As for military green
technology, the main characteristics consist of offering a system solving
the following operational challenges:

- High impact deployment cost,

- High expenses involved in buying, installing and maintenance,

- Reducing toxic emissions, and

- Low power generation rates compared to fuel.

Military green communication systems are designed to be focused
on increasing spectrum efficiency (SE). In order to compare SE
transmission, technologies such as orthogonal-frequency division
multiplexing (OFDM), multiple-input multiple-output (MIMO) as well as
non-orthogonal multiple—access (NOMA) are used.

For military organizations, it is necessary to take into account the
development of green network solutions and to implement them. It
means that it will be of importance to explain how different solutions are
in accordance with military operations in order to improve capability.
There are many examples showing how characteristics such as interests
of organization, technological innovations as well as political reasons
influence the development and implementation of green network
technology and policy. This offers many possibilities and motivation that
are necessary from the point of view of political and military personnel
responsible for decision making.

Organization, challenges and strategies in military
green technologies
Starting from the early 1950s, armament and military equipment

have grown exponentially in quantity, becoming more sophisticated and
more costly to operate. Demands on power consumption for military

137

Milicevi¢, Z. et al, Military green technology: present and future, pp.136-152



ﬁ* VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2023, Vol. 71, Issue 1

needs have increased because military equipment today consists of
multiple communication radios and corresponding components
connected to various conditioning systems. Higher energy consumption
results in increased operating costs as well as support costs. Exposed
energy supply lines and fuel convoys were demonstrated to be easy
targets for enemy attacks.

The content and formats of green strategies show how different
political, military, technological and organizational aspects affect the
development of such strategies. While strategies developed by some
world countries concentrate on a limited number of operational
challenges and requirements, there are more general strategies which
encompass different goals, tasks, organizations as well as legacy
equipment. These differences mean that world countries must define
their own green strategies. Green strategies should be connected
vertically through different government agencies from higher levels. State
agencies, ministries of defence and military services above all, should
develop green strategies that are connected with green strategies of high
level state authorities.

A lot of different countries have been dealing with and developing
green strategies in recent years and, as a result, defence should be
clearly included in them. This was a solid base for the beginning of the
development and implementation of new green strategies and
technologies. With the deployment of Fourth Generation (4G) systems all
over the world, energy consumption is growing daily, increasing
ecological impacts, likelihood of bigger climate change, health concerns
for the user, etc. In this context, Fifth Generation (5G) systems are
viewed as the key network technology that will meet the challenge and
allow the realization of a highly-connected society where billions of users,
via their respective devices (wearables, smart phones, connected cars,
laptops, etc.) and machines such as IoT devices, drones, etc. will be able
to exchange data and other services at higher QoS levels. The fact that
5G architecture focuses on developing new green technology, cell
deployment strategies and resource allocation in order to improve energy
efficiency makes people more motivated to acknowledge its recent
results worldwide.

In order to improve EE, 5G architecture focuses on developing new
greener technology. Increasing SE is one of the most important ideas in
green communication systems design. Military green energy services
vary in capacity and are highly dependent on the location and the
weather which make it a key challenging task in the deployment and
management of wireless communication networks. The fundamental
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design criterion in developing military green wireless communication
networks would be shifted from energy efficiency to energy consumption
and sustainability due to the nature of green technology. As for green
networking, it helps to define the overall research climate.

Green Action Plan

With the Green Action Plan (2021-2025), military defence systems of
each country have to trace a leading role in the green transition towards
a sustainable future, a more climate-friendly approach and a greater
responsibility for climate technology development (Danish Ministry of
Defence, 2021). The Action Plan has to be uploaded and adjusted
annually as new and better ways are being invented to fulfill green
ambitions. Green transition must not compromise the ability to conduct
operations. It should support and not block it. Therefore, the Action Plan
does not outline any goals that could compromise operational
effectiveness. It is possible to apply initiatives that will have the greatest
possible effect on green transition in the areas such as nature, use of
energy, air pollution, soil and groundwater, sewage and surface water,
resource production, noise and vibrations.

Green defence

Green defence deals with the development and implementation of
ecological processes which are undertaken by military in order to
increase energy efficiency and mitigate negative influence on the
environment without negatively influencing operability. A survey of the
countries interested in green defence measures reveals that the issue of
energy efficiency exists at several levels, such as: economic, operational
and strategic. As a logistical effect on operating equipment, operating
costs have consistently grown for platforms across the world (Burg &
Scharre, 2015).

The risk of attacks on fuel convoys has forced armed forces to
provide alternative sources for supply routes and thus mitigate risks for
personnel. Also, when electricity grids are vulnerable to terror attacks
and different catastrophies, alternative energy sources are in a position
to mitigate the rise of going off the grid. From a strategic point of view,
reliance on oil and gas leads to the autonomy of a state. As climate
changes exist, public perception acts as a strong force to support
engagement in military environment.

The green defence concept, together with the four main security
challenges, is shown in Figure 1.
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CLIMATE CHANGE ENERGY SECURITY

GREEN DEFENCE

DEFENCE

EXPENDITURES MILITARY OPERATIONS

Figure 1 — Green defence concept and security challenges
Puc. 1 — KoHuenuusi «3eneHoll 060poHbI» u npobnems! 6e3onacHocmu
Cnuka 1 — KoHuyenm 3eneHe o0bpaHe u 6e36e0HOCHU u3a308u

These are: climate change, energy security, military operations and
defence expenditures. As for green defence, it includes different actions
and domains such as: operations, logistics, engineering and defence
planning. Energy resources are the most important for national security
while a continuous supply of such resources always has been a key
priority.

Green defence solutions

In order to identify relevant and important items to make difference
between security challenges, it will be of fundamental importance to
separate how a solution is connected to a given challenge. Different
solutions are significant for dealing with efficiency and effectiveness.
Green defence is relevant at many different levels, but also difficult to
operationalize and access. Characteristic examples of green defence
solutions are distributed into two groups: green technologies and green
strategies. They both demonstrate the way how green solutions are
developed and after that invoked to be adapted not only to military
organization, but also to technological needs. Many countries developed
green strategies connected to environmental and climate challenges.
Green strategies appropriate for defence offer something new. However,
many countries are paving the way to developing appropriate green
strategies for their armed forces. Energy efficiency serves as a unique
force multiplier, increasing much more the range of endurance of forces
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in the field while evidently reducing the number of combat forces
protecting energy supply and at the same time reducing long-term energy
costs. Green solutions and general security can be connected,
presenting at the same time a huge interest for common green public
policy challenges. A network-zero military installation is about to address
the security challenges of three main topics: climate change, energy
security and optional fuel consumption. Also, in that way a network-zero
installation could be an appropriate solution to all challenges, involving
greenhouse gas elimination, reducing the need for supply with foreign
fuel and finally improving operational fuel efficiency. It can be analytically
difficult to describe the link between green military solutions and various
security challenges. An analytical challenge is important to emphasize
and should be addressed in future green policy initiatives. The relevance,
impact and cost-effectiveness of different solutions are difficult to access
as the links between solutions and challenges are not analyzed and
described comprehensively. The link can be described either qualitatively
or quantitatively, or both, but should be addressed clearly. This is
particularly important in the development and selection of green solutions
since many security challenges will be of cross-cutting nature involving
multiple areas, organizations and policies. It is of special interest to the
users that green military technologies and strategies can address
multiple security challenges simultaneously.

Green defence and security challenges

It is well known that the number of green technologies that
potentially could be used by military organizations is of huge significance.
This is the main reason why it is necessary to provide developing a more
compenhensive mapping of available technologies. Next, it is
recommended to analyze and describe how a green solution is limited to
a security challenge before deciding on a specific set of green solutions.
Finally, through developing green strategies, it is necessary to know how
green technologies and strategies are coordinated. The connections
between green defence solutions and security challenges are
straightforward, when describing them explicitly. In that way, in order to
compare the described solutions, policy makers are enabled to select at
the same time efficient and effective solutions aimed at the most
significant challenges. Table 1 connects the green defence concept
which consists of four security challenges: military operations, defence
expenditure, energy security and climate changes. In order for a green
solution to work, it will be of importance to change behavior along with
the introduction of new green technology. However, changing

141

Milicevi¢, Z. et al, Military green technology: present and future, pp.136-152



E‘ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2023, Vol. 71, Issue 1

organizational and individual behavior is a challenge: not just in military
organizations, but in organizations in general. Organizations and
individuals are said to resist change due to inertia, costs, resources, and
threats to the power base, values and benefits and mobility to perceive
alternatives.

It is important to address these challenges by providing specific
green solutions, i.e. by understanding how a number of aspects such as
organizational interests, technological developments, and political goals
influence the development and use of green technologies and strategies.
This creates a number of possibilities and challenges that need to be
taken into consideration primarily by military decision makers.

Table 1 — Green defence concept with security challenges and general and specific
solutions

Tabnuua 1 — Koruenuusi «3eneHol 060poHbl», Npobnems! 6e3onacHocmu, obwue u
crieyughuyeckue peuweHus

Tabena 1 — KoHuenm 3eneHe odbpaHe ca 6e36e0HOCHUM u3a3osuma, onumum u
crneyuuyHUM peweruma

Concept Security General solutions Specific
challenges solutions
Military organization | Reduced energy New green
demand technologies
- More efficient
Defence combustion
expenditure engines
- Solar panels
Green defence Inverse and
Energy security diversity energy
supply
Green strategies and
Climate changes Adjust force management
structure and systems
defence planning - Green strategy for
defence
- Key Performance
Parameters

The concept of green defence shows promise with regard to energy
security. Diversification in energy sources and reduced consumption of
energy will be significant elements in addressing a policy response to
future energy challenges. This fact indicates that military forces will be
more resilient in the case when they have developed and implemented
variable green solutions.
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Green technology for today

Green communications are one of the major attributes of 5G
systems. Unlike traditional energy services, green energy services vary
in capacity and are highly dependent on the location and the weather
which makes it a key challenging task in the deployment and
management of wireless communication networks. The fundamental
design criterion in developing green wireless communication networks
would be shifted from energy efficiency to energy consumption and
sustainability due to the nature of green technology. Green
communication systems design is focused on increasing spectrum
efficiency (SE). Green networking not only led to significant results in the
past (orthogonal-frequency division multiplexing OFDM, multiple-input
multiple-output MIMO, non-orthogonal multiple access NOMA), but also
helped defining the overall research climate. The increase in power
consumption and carbon footprint of cellular networks has led to various
proposals for green mobile networks solutions from telecom providers,
governments and researchers. Different types of electrical military
vehicles are joining power grids including renewable resources, energy
storage, etc. These elements are distributed at different levels and areas
of power grids and have influence on huge-scale energy management in
practice. To meet the challenges raised by high demands of wireless
traffic and energy consumption, green evolution has become a need for
today wireless networks; as energy saving and environmental prediction
become not only necessary demands, but also trends, researchers and
engineers have moved their interest to energy efficient-oriented design,
green radio (GR). This was a research direction for the evolution of future
military wireless devices and architectures, toward high energy efficiency
(EE). The most common approach is to define it as the ratio between the
military system throughput and the power consumption. As for GR, it has
targeted solutions based on joint energy and communication cooperation.
Energy compaction is a cost saving approach on the supply side. At first,
the major application scenarios for 5G mobile networks bring the
characteristics which include that scenarios such as enhanced mobile
broadband (eMBB) ultra-reliable and low-latency communication
(URLLC), and massive machine type communication (mMTC) have to be
taken into account. Secondly, mobile terminals have to be supported
together with energy efficient solutions. Also, network nodes such as
MIMO and ultra-dense networks (UDNSs) introduce new design
challenges when speaking about EE military schemes. In this
environment, the green radio plays a significant role in green wireless
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system design. There are several fundamental frameworks for military
GR research such as: deployment efficiency — energy efficiency,
spectrum efficiency — energy efficiency, bandwidth-power trade off and
delay-power trade off. In the last decade, the research activity has moved
to the EE study of military access radio network (RAN) side (Miao et al,
2010, pp.545-554). The goal was to jointly reduce the power
consumption and improve spectral efficiency (SE) at the same time, in
order to maximize the EE of wireless networks. If military circuit power
consumption is considered, SE and EE cannot be improved
simultaneously.

While their operational advantages are important for determining
what future green militaries will look like, their few technology levels
provide minimal information on their cost-effectiveness.

Biofuels

Biofuels are one kind of fuels which originate from organic matters.
They are receiving significant attention for their characteristic to replace
petroleum—derived fuels. Different forms of particulate organic matters
are used for biofuels in defence applications, especially to meet specific
supersonic flight requirements.

For lower carbon emission, it is possible for synthetic kerosene to be
blended with petroleum fuels (Lamprecht, 2007, pp.1448-1453). It should
be noted that synthetic fuels are expensive to produce as well as
maintain. Also, synthetic fuels are time-consuming to produce in large
guantities, which is a limiting factor. Next, application of synthetic fuels in
armed forces is much more limited than that of other types of biomass
alternatives. On the other hand, next generation biofuels are accepted as
the most promising ones for their high efficiency levels — but they are not
a viable final solution. Further research and development is needed to
modify the composition of biomasses to make them more efficient and
cleaner.

Fuel cells based on methanol

Special kinds of fuel cells which convert "energy of chemical
reactions into electrical energy without combustion with virtually any
pollution” are used to generate as well as store energy (Crull, 2006). The
important advantages of methanol-based fuel cells are as follows:
adaptability with other equipment, ability of direct and reformed
methanol-based fuel cells to blend with gasoline, combat kits weight
reduction up to 80%, increased mobility of military forces based on a
power supply solution, applicability in a range of electrical and electronic
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devices as well as different platforms with UAVs and submarine
propulsion systems, low accoustic, vision and thermal systems. On the
other hand, the most important disadvantages are: increasing prices and
higher toxicity as well as lower density than other alternative fuels such
as ethanol.

Hydrogen fuel cells

Hydrogen energy is another alternative source that armed forces
have considered for cutting electrical energy costs and for reducing
carbon emission. Similarly to methanol-based fuel cells, it is an
alternative for military uses. The density of hydrogen makes it more
usable in comparison to other types of fuel cells. Hydrogen as an energy
carrier is expensive to generate, store as well as transport. Production of
hydrogen energy requires more fossil fuels. The need to use fossil fuels
for hydrogen energy production seriously puts into question its status as
an alternative energy source. Nevertheless, armed forces' interest in it
continues for almost two decades.

Hybrid electrical vehicle

Hydrogen fuel cells tehnology improvement offers hybrid electric
drive (HED) for vehicles that include battery—powered engines together
with case gasoline engines to charge battery. Compared to standard two
speed gas engines, the advantage of HED vehicles is that they use less
electrical energy when operating at low speeds. Today, the fact is that
vehicles powered by single engines are recognized to be more efficient
than HED vehicles. However, armed forces have acceptable experience
with HED, especilally when largely depending on three important
categories: domain, speed and acceleration. It should be noted that
efficiency gains are twice as high for HED not only on the land, but in
aerial domains, as well.

Photovoltaic energy

Today, photovoltaic energy represents solar fuel cells suitable for
armed forces and aiming at primarily reducing energy consumption. The
advantages of photovoltaic energy are: reduced power demand in basic
areas, proven appropriateness for unmanned vehicles, up to 90% in fuel
use reduction, and market forces significantly cutting costs. On the other
hand, the disadvantage of photovoltaic energy is minimal mission
flexibility dependant on weather influences, especially cloudiness, while
the space—based solar alternative is not suitable because it is expensive.
Also, results achieved in desert conditions can be beneficial but are not
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generally applicable in all types of the environment. It should be added
that photovoltaic security risks jeopardize military frequencies
communications and surveillance technologies.

Green technology for the future

In the last years, the research activity has moved to the energy
efficiency (EE) study of the radio access network (RAN) side. The goal
was to jointly reduce power consumption and improve spectral efficiency
(SE) at the same time, in order to maximize the EE of wireless networks.
If circuit power consumption is considered, SE and EE cannot be
improved simultaneously. In order to improve the bandwidth efficiency,
the Shannon channel capacity theory is often implemented to develop
signal-input signal—output (SISO) systems together with multiple antenna
MIMO systems. From Shannon’s mathematical theory of communication
(Shannon, 1948, pp.623-656), the maximum achievable rate of
transmission, i.e. the capacity C of a channel of the band W, scales
logarithmically with the received signal-to—noise ratio (S/N), i.e.
C=WIlog(1+S/N).

Taking into account that a sustainable future wireless network must
be not only spectrum efficient, EE and SE become an important step in
5G research. Cellular systems have many opportunities to become
greener from the equipment point of view, for example through operating
in line with traffic version in time and space. When the total power is
considered, there is a green point on the EE — SE curve where the
maximum energy efficiency is achieved. When the circuit power is
considered, there is a green point on the EE- SE curve where the
maximum energy efficiency can be considered; there is also a green
point on the EE — SE curve where the maximum energy efficiency can be
achieved. For example, EE and SE improvement of 5G and 4G is
achieved owing to the introduction of more antennas. If more antennas
are introduced in order to increase both EE and SE, the total power
consumption will increase, too. On the other hand, the increase of total
power cannot be well controlled. The fact that 5G is capable of
supporting versions of wireless services in diverse scenarios and could
offer universal connectivity for individual consumers as well as vertical
industries opens the door to huge opportunities for a greener society and
life style. 5G could help to reduce traffic congestion in urban areas via
intelligent vehicle scheduling. This leads to significant energy saving.

Three technologies most important for tomorrow are: pulse
detonation engines, piezoelectricity and biodegradable platforms.
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Pulse detonation engines

In order to produce thrust, pulse detonation engines use near—
constant volume combustion and constant pressure. Besides being able
to compress quickly and add heat constantly, pulse detonation engines
can achieve a higher thermodynamic efficiency as well as replace
moving parts in engines which are in operation today. Investigations in
the area of pulse detonation engines currently focus on involving
turbojets and cruise missile systems together with UAV applications
(Bojkovic et al, 2020, pp.3-29; Johnson, 2010).

Piezoelectric effect

Piezoelectricity is the process of generating electricity from motion.
Today, in the military domain, it is very important to solve how to obtain
electric energy from mechanical energy generated by different war
platforms, for example warfighters and land vehicles (Dillow, 2009). In
the future, piezoelectricity can be used to power electrical devices and
provide operational advantages similar to those of methanol-based fuel
cells.

Biodegradable platform

The Defence Advanced Research Projects Agency (DARPA) is
researching biodegradable platforms with a focus on synthetic biology.
DARPA’s Inbound, Controlled, Air — Releasable, Unrecoverable Systems
(ICARUS) program was started in 2015 (DARPA, 2015). One example of
biodegradable platforms presents how such material would be used in
aerial delivery vehicles that, having completed their tasks, disappear into
thin air without polluting the environment and without having to return to
their original launch sites (DARPA, 2017). Similar to other futuristic
technologies, there are few signals about the eventual cost—effectiveness
of such materials based on the early research and technology stages.

Conclusion

Military green technology is now a needed wireless networking
approach to meet challenges posed by high demands of wireless traffic
and energy consumption. Green communications represent a trend in the
academic and industrial networking and an important research path for
developing future mobile architecture and for innovations to achieve high
EE. Also, it is highly possible that SE performance will increase in future
6G communications, which means that military green energy efficiency
will be further enhanced with boosted power consumption. When
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wireless military communication industry follows this trend, the
associated carbon emissions will increase to an acceptable level. That is
the main reason why it is important for the industry to break the energy—
efficiency trade—off and improve energy-efficiency performance while
maintaining high spectrum efficiency.

Green solutions have previously been connected, particularly in
U.S., in order to bring military operational effectiveness. Large amounts
of fuel are necessary to operate advanced military technologies. The
framework combines the operational challenges together with security
challenges, such as defence expenditures, energy security, and global
climate change. There are many specific green military initiatives to
describe the way how green technologies can be implemented, while at
the same time how behavioral change can be achieved. A particular
focus is on how green strategies have been formulated in order to
recognize objectives, challenges and green solutions and how important
elements are connected in strategies. The structure of green technology
and green strategies reflects considerable potential of green solutions.
They show military potentials, possibilities and challenges related to the
use of green technologies and strategies. It is also visible that the interest
in reducing costs of green defence stems from a desire to mitigate
operational risks, such as attacks on fuel convoys, which sometimes
increase energy independence. Green technologies can affect the
operational and organizational elements of forces of the future. The
operational advantages offered by green technologies can be
summarized in categories that will help to define the future battlefield.
First are portable technologies on soldiers including wearable solar cells
and methanol fuel cells to reduce the weight and increase the power
duration of equipment used in military missions. Next is the ability to
generate, distribute and store power more efficiency and with signatures,
as it is relevant for forward operating bases. Similarly to portable
technologies, distributed power allows disaggregated units to operate for
longer in the field. Lastly, alternative energy sources could become a
force multiplier for unmanned systems with some prospective green
technologies offering almost all extending flight times.

Smaller platforms with more dual-use components, including
unmanned vehicles, are available under the condition to be used by a
great number of users. With distributed power systems, it can be difficult
for fighters or terrorists to target centralized systems which have impact
on wider forces or population. Further, green technology has the
tendency to treat alternative energy sources as valuable substitute goods
which can be used for a system as one—to—one replacement for fossil
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fuels. Unfortunately, the comparison of biofuel to petroleum prices fails
to take into account the cost of different equipment such as batteries and
rechargeable systems that fuel cells could render redundant. When
prevously applied to the military area, the operational advantages should
be visible even in situations when fuel cells are unexpectedly more
expensive than batteries and chargers. Economic perpectives on green
defence technologies are promising for smaller armed forces such as
militaries which can use the benefits of commercial technologies when
prices are driven down. For example, increased demand for solar
systems has made more producers be interested in supplying them to
the market and this development in turn has forced prices down. Given
technologies look suitable for operational and environmental
considerations. They can find appropriateness in armed forces of
different sizes.

Nowadays, military green technology represents one of important
technologies for armed forces (including the Serbian armed forces)
through research and implementation of different kinds of solutions. Also,
it has a significant role in future action plans in order to achieve a higher
degree of energy efficiency and to be suitable for implementation in a
variety of different equipement applied on the battlefield with acceptable
cost of operation.
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BoeHHble 3eneHble TEXHOMOrMn: HacTosiLee U 6yp,yu.|,ee
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Pesome:

Beederue/yernb: B daHHOU crmambe npedcmassieHa KOHUenyusi 80€HHOU
3er1eHol MexHOMoauU C akUeHmoM Ha Cyuecmsyruue 8bi308bl, 3adaqu
U pelweHusi, a makxe Ha meHOeHyuu e 6ydyuwem. Ocoboe eHUMaHUEe
yOernsgemcsi 80eHHoU 3ereHol mexHonoauu 8 obrnacmu 6ecripo8odHOL
cesi3u.

Memodei: Tlpu paccmMompeHuu pasfu4YHbIX acrekmos, npobnemM u
pa3pabomoK 80EHHbIX 3€/1eHbIX MEXHO/102Ull UCMOMb308arnuch aHanu3 u
CcuHme3.

Pesynbmambi: B cmambe npedcmaeneHbl 8aHble  acrieKmal
opeaHu3auyuu, npobremMs! U crmpameauu 80EHHbIX 3€/1eHbIX MeXHOoIo2ull.
Tarke rodyepkueaemcsi ponb raHa Oelicmeuli o 80306HoernssemMol
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aHepauu. [Momumo moeo, paccmampuearomcsi 80rpPockl 0BOPOHbI C
3KO/I02UYECKOU MOYKU 3PEeHUsi, a makxe 6bl308bl 6 obmacmu
b6esonacHocmu. B mom 4ucrne onucaHO COCMOSIHUE  3€N1eHbIX
mexHoroauli Ha ce200HAWHUU OeHb, Komopbkle 8 repsyto ouyepedb
opueHmuposaHbl Ha becripoeodHble cemu, ocobeHHO 5G, a makxe
so3delicmeue buomoriniuea, MEMaHosIbHbIX U 8000POOHbIX MOMIUBHbIX
anemMeHmos, aubpudHbIX arekmpomoburnel u Gomoanekmpuyeckol
SHepeuu. B 3akmuyeHuu npedcmasrieHa 83auMOC8siCb  3esIeHbIX
mexHornoauli 6ydyuie2o ¢ Haubosiee 8aXXHbIMU MEXHOI02USIMU, MaKuMmu
Kak: 6ecripoeoOHble cemu credyrolwea0o MOKOMeHUs, UMITY/bCHbIE
AemoHauUOHHbIe deuzamernu, MbEe303MIeKMpUYecmeo u
buopasnazaemasi nnamagopma.

Bbig0odbi: BoeHHble 3erieHbie MmexHO/I02uU 8 Hacmosiuee 6peMs
[ensomesi 2nasHbIiM hakmopoMm 8 peuwieHuu rnpobrieM, cesi3aHHbIX C
8bICOKUMU mpebosaHusiMU K 6ecripogoldHbIM cemsiM, mpacguky U
aHepeaorompebneHuto. OOHaKo 80eHHas 3e/leHasl mexHosioeusi mpebyem
MOCMOSIHHO20 U3Y4YEeHUsT eorpoca aghghekmusHocmu U ycmodldusocmu
MPUMEHEHUS], @ makKXXe rnoucka PasfuyHbIX MpueMeMbix peweHul He
MOJSIbKO 8 MEXHUYECKOM, HO U 8 OpaaHU3aUUOHHOM rfiaHe 8 UerisiX
yCrewHo20 npUMeHeHUsI 8 80eHHOU cpede.

Knirouesbie criosa: 6ecripo8odHbie cemu, MemaHosIbHbIe U 8000P00OHbIE
MmonueHbIe 31eMEHMbI, (hOMOIIeKmMpUYECKasi dHepauUsi, UMITYSIbCHbIE
OemoHayuoHHble dsueamernu, 6uopassnazaemasi niamgpopma.
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6 YuusepauteT y beorpaay, Beorpan, Peny6nuka Cp6uja

OBJACT: TenekomMyHukauuje
KATETOPWJA (TWIM) YWNAHKA: nperneaHu pag

Caxemak:

Yeod/yure: Osaj pad Hacmoju Oa rpukaxe 80jHy 3erieHy mexHoroaujy
Kpo3 calawH-e KOHUernme, pelera U uU3a3o8e, Kao U Kpo3 b6ydyhe
mpeHdose, NocebHo y 6eXXUYHOj KOMyHUKaUuju.

Memode: Awnanusze u cuHme3de cy kKopuwheHe 3a pasmamparbe
pasnu4dumux acriekama, usa3oea U pa3goja 80jHe 3esieHe mexHorsiozuje.

Pesynmamu: [lpuka3aHu Cy 8a)kHU acrekmu opaaHu3auuje, u3a3osu U
cmpameauje y 60JHUM 3e/eHUM mexHornoaujama, a HazrnaweHa je u
yrnoea 3efieHO2 aKyuoHoe rlaHa 3a eHepaujy. C Opyee cmpaHe,
pasmampajy ce 3eneHa o0bpambeHa pewerba u 6e36edHOCHU U3a308U.
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Takohe, y pady cy npedcmasrbeHe 0aHallH-€ 3e5leHe mexHoriozuje Koje
Cy MPBEHCMBEHO yCMEPEHe Ha bexudHe Mpexe, nocebHo 5. CaznedaH
je u ymuuaj 6uoesopuea, eopusux henuja Ha 6a3u MemaHona,
B8000HUYHUX 20pusHUX henuja, XxubpudHoz eflekKmpu4yHo2 eosuna u
omoHaroHcke — eHepeuje. 3eneHe  mexHonoeuje  6ydyhHocmu
npedcmassbeHe Cy KpO3 Heke 00 HajeaxkHUjux mexHosoauja: b6exuyHe
Mpexe crnedehe eeHepauuje, ummnyrcHe OemoHaUyuoHe MauluHe,
nuesoenekmpu4yHocm u buopaszpadusy rnamgopmy.

Sakrbyyak: BojHa 3eneHa mexHoroauja OaHac ripedcmasrba HeornxodaH
npucmyn 6eXUYHOM yMpexasary Kako bu ce 002080puro Ha usa3oee
8UCOKUX 3axmeea bOexuyHoe caobpahaja u nompowre eHepauje.
Takohe, sojHa 3esieHa mexHosoauja 3axmeeahe u cmarsHa pa3mamparba
y obmacmu ecpukacHocmu U OOpXueocmu MPUMEHe, Kao U
ucmpausarbe U NpoHanaxere pa3nudumux rnpuxeamsbusux pewier-a,
He camMo y mexHU4YKoM, eeh u y opaaHu3auuoHoM OOMeHY, Kako bu ce
fpuMeHusa y 80jHOM OKPYXXetby.

KrbyuHe pedu: bexuyHe mpexe, eopusHe henuje Ha ba3u memaHorna,
8000HUY4YHe 2opusHe henuje, ¢homoHarnoHcka eHepeauja, UMIMYICHU
demoHayuoHu momopu, buopa3sepadusa niamegopma.
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CABPEMEHO HAOPY>XXAHE N BOJHA OMNPEMA
COBPEMEHHOE BOOPY>XEHVE 1 BOEHHOE OBOPYJOBAHVE
MODERN WEAPONS AND MILITARY EQUIPMENT

Pycku XenukonTep 3a eNnekTPoOHCKO oMeTaHe!

)

Mi-8MTPR-1

Xenukontepn Mi-8MTPR-1 Rychag Boge enekTpoHCkum paT npoTuB
ykpajuHckmx cuctema MNBO. Kpehy ce ayboko yHyTap Teputopuje nog pyckom
KOHTpPONOM Kako 6w u3bernn obapawe, netehum Ha BucuHu Behoj og 3048
mMeTapa, pagu ontumanHor edpekta. Ynotpeba o0BuMXx xenukonTepa 3a
€MNeKTPOHCKO paToBawe Y paTty y YkpajuHu notepheHa je cdoTorpadujama koje
je objaBuno MuHucTtapcTBo onbpaHe Pycuje. Ha jeqHOM BMAEO-CHUMKY BOjHUK
(Moxga nunoT) Koju CcToju noped xenukontepa objawrasBa ga ce CUCTEM
Rychag kopuctu ,3a cy3bujarwe moryhHoctu MBO, cBuX BapujaHTh, Koje ce
Hanase Ha cycefHoj Teputopuju, oba aHarorHa 3anagHa cuctema, u GuBLINX
COBjeTCKMX cucTema” kako Ou ce pyckoj ygoapHoj aBwjaumjyu omoryhuno pga
aybree npoape y YkpajuHy.

Xenukontep Mi-8MTPR-1 je wmogudukaumja crtaHgapgHor 6GopbeHo-
TpaHcnopTHOr xenukontepa Mu-8MTB-5-1, koju npoussogn Kazan Helicopters
plant. WHTepHa o3Haka netenuue je Mi-8MTV-5PR, y kojoj PR 3Haum
Pomekhovyi, Rychag, ogHocHO xenukonTtep 3a omeTame ca cuctemom Rychag.

Xenukontepckn Rychag-AV (AsuamcuoHHuu BepmonomHuu; Rychag-AVE
je oepuBaT 3a U3BO3) CUCTEM 3a ENEKTPOHCKO paToBawe cy3buja pagape 3a

1 https://www.thedrive.com/the-war-zone October 10th 2022
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KOHTPOSy BaTpe HenpujaTerbCKor pakeTHOr cuctema 3emsba-Basgyx ometajyhu
nx. Ha Taj HaunH 00e30efyje 3aliTUTY 3a rpyne npujaterbCKnx yaapHMX aB1MoHa,
xenukontepa wunu pgpoHoBa. Cwuctem, Takohe, Moxe omeTaTm pagape
HenpuvjaTerbeBnx aBuoHa, Hyaehu Ha Taj HAYMH 3aWTUTY HE CaMO CaBE3HUYKUM
Ba3gyLHMM cpeacTBuma Beh 1 nomaxkyhu y ogbpaHu HUXOBUX KOMHEHMX Tpyna
Koje 61 ce nHade Halune noj BasayLHUM Hanagom.

lNap xenukonmepa Mi-8MTPR-1 cHumrbeHa y nponehe. O3Haka ‘V’ yka3yje 0a ce padu o
CHazama UCmOoYHO2 80jHO2 OKpYy2a.

Cuctem Rychag-AV ca cBojuM omeTadem Tuna L187A npojektoBao je u
pasBMo WHCTUTYT 3a paguo-uHxerwepuHr Kaluga, nnn ckpaheHo KNIRTI, a
npouvsBogn ra u yrpahyje y xenukonTepe komnaHuja Kazan Optical and
Mechanical Plant (KOMZ), koja je geo koHuepHa Radio-Electronic Technologies
Concern (KRET).

ToBapHu geo y xenukontepy Mi-8MTPR-1 nogerbeH je Ha fBa gena.
Xapaeep ca cuctemom Rychag-AV uHcTanupaH je y Behem 3aghem geny, Jok
ce CTaHuua ornepaTopa Hanasu y maweM npefkwem geny. Yetvpu aHTeHe koje
npunagajy cuctemy Hanase ce Ha obe cTpaHe Tpyna. [IBe npefte aHTeHe cy
pucuBepu/ycMepuBaun npasuLa Koju OTKpUBAjy Henpujaterbcke pagape Y
pagHom pexumy un oapehyjy TMn 1 nokauuwjy Henpujaterbckux pagapa. [se
3adme aHTeHe NMpeAcTaBrbajy ofallnrbaye U OTKpuBaye npasua Koju emMutyjy
3payetrbe Kojuma oMeTajy OTKpuBeHe pajape.
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Onpema 3ay3uma yeo mosapHuU npocmop xenukonmepa Mi-8MTPR-1
Cmanuya onepamopa y npedrem desy kabuHe
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JlaHcepn TOMMOTHMX Mamaua MOCTaBibEHVM Cy Ha jeQHOM of 3adrux
npo3opa ca CBake CTpaHe Tpyna paau 3alTute xenvkonTtepa og UHdpaupBeHMX
NpOTMBBA3AYXOMNJIOBHUX NPOjekTMna.

Mpema komnaHuju KNIRTI, ctaHuua 3a omeTawe L187A pagn y
dpekBeHumjckom oncery oa 5,1GHz go 11GHz (2,7-5,9 ym TanacHe AyxXuHe,
unu C n X oncer). VictoBpemeHo je moryhe nOTUCHYTM ocaM pajapa y CekTopy
nog yrnom of 45 crteneHn no asumyty M 15 cTeneHn no enesaumju. Ha
yaarbeHoctn go 105 km edpektmBHa cHara 3padvernsa je 105 kW 3a caky mery.
Maca uenor cuctema je 1.200 kunorpama (unm 1.400 kmnorpama npema
anTepHaTMBHMM nojauuma), a MNOTMYHO OMNpPeMSbEH XEenuKoNTep MOXe [fa
OCTaHe y BasgyLLIHOM npocTopy 2,4 caTa.

! 4

Receiving antenna

EW operator’s
post

Transmitting
antenna

Receiving antenna

Transmitting
antenna

L187A Rychag-AV onpema Ha xenukonmepy Mi-8MTPR-1

Cuctem Rychag-AV moxe ga pagu noTnyHo aytomartcku, 6e3 notpebe 3a
yyewhem onepaTepa npema yHanpes nopelleHom nporpamy. Cuctem KopucTu
MemMopucaHy OubnuoTeky HenpujaTerbeBMx pagapa W ayTomaTtcku 6upa
ogrosapajyhe metoge omeTawa. Y noryayToMaTCKOM pexumy onepartep Gupa
MeTo[e OMeTawa, [OK Y PY4YHOM pexuMmy Takohe npouemwyje YKynHy
enekTpomMarHeTHy cutyauujy n bupa meTe 3a omeTare.

MpBa gBa npoGHa xenukontepa Mi-8MTPR-1, nog 6pojesnma '61' n '62',
KOHBEPTOBaHa Cy U3 ctapux xenukonrtepa Mi-8, a Tectupame je 3anoyveto 2010.
roauHe. Yak v npe Hero LWTO Cy TECTOBU 3aBpLUeHu, 22. HoBembpa 2013, pycko
MwuHucTapcTBo onbpaHe je Hapeauno ga ce 18 xenukontepa Mi-8MTPR-1
KOHBEpTyje oA HoBuX xenukontepa Mi-8MTV-5-1. lpBa Tpu npousBedeHa
xenukontepa Mi-8MTPR-1 ucnopyyeHa cy onepaTtuvBHOj jeQMHULU MOYETKOM
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mapTta 2015. rogmHe. NoguHe 2013. Hajmarbe jegaH XenukonTep ca CUCTEMOM
Rychag (3BaHu4He o3Hake Mi-8MT ca cuctemom L187AE) wucnopydyeH je
CcTpaHOoM Kynuy, BepoBaTHO BujeTHamy. Y Cupwju je 2018. rognHe BufieH jeaaH
Mi-8MTPR-1, ca cupmjckum 03Hakama, Mako ToO He Mopa Aa 3Hadu Ja je wume
ynpaBrbana fnokanHa Bojcka, jep Cy ce MnojaBunv 1 Apyru XenuvkonTepu Kojuma
ynpasrba Pycuja ca cvpujckum o3Hakama unm KOMOMHaUmMjoM pyCcKux/CUPUjCKmX
O3Haka.

BasgyxonnosHo-kocMuyke cHare Pycuje, nnu BKC, TpeHyTHO nmajy oko 20
xenukontepa Mi-8MTPR-1. OHu cy pacnopeheHn namehy Hekonuko Gpuraga
BOjHOr BasgyxonnoscTea: 15. 6puraga BB y OctpoBy y 3anagHom BOjHOM
okpyry, 16. BB. bpuraga y 3epHorpagy y JyXHoMm BojHOM okpyry u 18. BB
Opuraga y XabapoBcky y MicTouHOM BOjHOM OKpyry. Hekonuko xenukonTepa je
Takohe poperbeHo 440. camocTanHOM XenuKonTepckom nyky y Bjasmn y
3anagHoOM BOjHOM OKpYry M 'y pycKoj Ba3aywwHoj 6asu EpebyHu y Jepmenunju.

Ha ocHoBy gocTtynHux dpotorpadmja, Ha Kojuma cy nojegmHavHu 6pojesu
Xenukontepa 3amarrbeHn 36or ueHsype, Mi-8MTPR-1 u3 OctpoBa u
XabapoBcka, a MOXaa v gpyre jeguHude, Gunu cy ykibydeHun y paTt y YKpajuHu.
Cygnehu no osHaum ,Z”7, Mi-8MTPR-1 npunaga 3anagHOM BOjHOM OKpYry, Aakne
unn n3 15. 6purage BB unn ns 440. nyka.

Hacnehe xenukonmepa 3a enekmpoHcKy 6opby

HajHoBuju pyckn xenukontep Mi-8MTPR-1 HameweH je 3a eneKTPOHCKY
©6opby M TPeHYTHO je jeanHn y npomnssoawn. To je, BepoBaTHO, U jeaAnHU Moaen
KOju ce Hanasm y akTMBHO] criyx0bu y pyckoj Bojcumn. Mehytum, Cosjetckn CaBe3s
je pasBno GpojHe pasnuunTe XenuKkonTepe 3a enekTpoHCKy Bopby, of Kojux je
BehuHa 6una 3acHoBaHa Ha xenukonTtepy Mi-8.

MoyeBwn of paHux 70-ux roguMHa COBjeTCKe Ba3dyXONIOBHE cHare cy
kopucTtune suwe Bep3anja. NaeHTnduUkoBaHo je Hajmarwe 16 Mi-8 onpemrbeHux
3a enektpoHcke npotuBmepe (ElM) n enekTpoHCcKo Mpukynibawe uHdopmaumja
(EMW). Y HoBuje BpeMe Pycuja je kopuctuna xenukontepe Mi-8PPA n Mi-8SMV-
PG y paty ca pysujom 2008. rognHe. TBpauno ce aa je kopuwherwe cuctema
Azaliya EW Ha xenukontepyma Mi-8PPA cmawbmno makcumanHm pomet
npeTpaxuBara rpysmnjckux 3emarsckmx pagapa ca 300 km Ha 30 do 50 km. Y
mefyBpemeHy, TBpAX ce Aa je ynotpeba cuctema Smalta-PG Ha xenukonTtepy
Mi-8SMV-PG cmaruna gomeT pagapa npoTvB BasgyXxonnoBHUX cuctema byk-
M1 (SA-11 Gadfly) n C-125 (SA-3 Goa) ca 25 go 30 km Ha 10 go 15 km.

Mako je pycka xenukonTtepcka prnota 3a ereKTpoHCKO paToBake MHOro
Maka M HMje TONMKO pasHOBPCHA Kao Ha CBOM BpXyHUy, Tpeba HanomeHyTu Aa
je, 6bap npe nocnegwe pycke MHBasvje, YKpajuHa ynarana Harnope ga Bpatu y
cnyxby xenukonTepe 3a eNeKTPOHCKO paToBake M3 foba xnagHor pata. Mehy
buMa cy 6unn Mi-8MTPB ca nakeTom 3a oMeTawe KOMyHukauuja Bizon n Mi-
8MTPI ca cuctemom 3a omeTawe lkebana, koju cy HamerweHU Oda nopemete
pagape Ha 60jHOM Morby NPOTUBHKMKA, YKIbYYyjyhin oHe noBe3aHe ca cuctemuma
npoTMBBa3gyxonsnioBHe oabpaHe. CTaTyc OBUX XenuKonTepa je HeusBecTaH u
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HemMa [Joka3a fa cy KopuwheHu y akTyernHom CcykoOy, mako je TO CBakako
moryhe.

ModepHu3soeaHu ykpajuHcku xenukonmep Mi-8MTPB ca kapakmepucmu4HUM aHmeHama
MOHMUpPaHUM Ha yeHmpanHom oesly mpyna

GydyhHocm

Y jaHyapy 2016. rogmnHe koHuepH KRET je caonwTtuo ga je npegao Ha
eBanyauujy npobHu npumepak MOAEpPHU3OBaHOIr CUCTEMA 3a ENEeKTPOHCKO
patoBawe Rychag-AVM. 3ameHuk reHepanHor gupekropa komnaHuje KOMZ
Anekcej NaHnH n3jaBno je Aa MOAEepHU3OBaHU cUCTEM emuTyje Behy cHary o
cuctema Rychag-AV, Hyaou Buwe yHKUMja 1 fa HeroBe ,TakTU4Ke U TEXHUYKE
KapakTepucTuKe npesasunase CBe CriMdyHe CUCTEME Koju NMocToje y CBeTy”, LTO
je HenoTtBpheHa TBpAha. 3aMeHWK reHepanHor ampekropa koHuepHa KRET
Urop HaceHnkoB gopao je ga he HoBu cuctemu Rychag-AVM 6utn yrpahenn y
TpaHcnopTHe xenukontepe Mi-8AMTSh koje npounssoan dabpuka y YnaH-Yaey.
OHu ce pasnukyjy og noctojehux cuctema Rychag-AV koju cy nHcTanupaHu y
xenukontepe Mi-8MTV5-1 npoussegeHe y Kasawy. Y npakcu, mehytnm, Hema
pasnuke namehy oBux xenukontepa, 0CUM y MPON3BOSAHOM MOTOHY.

Anekcej [laHuH je, Takohe, HajaBuo pfa he cepwujcka npou3BoAH-a
mMogepHu3oBaHor cuctema Rychag-AVM nodetn 2017. roguHe, anu Hema
noTepAe Aa ce TO ukaga poroauno. 3a caja ce 3Ha da cy xenukontepu Mi-
8MTPR-1, ucnopy4enu Bojcuu novetkom 2021. roguHe, 6unu cy y ctaHgapaHoj
Bep3anju Rychag-AV, wTo cyrepuvwe ga je cuctem Rychag-AVM 6apofnoxeH,
aKo He U HanyLuTeH.

MosHaTo je ga, nopen Ha MoaepHusauuju cuctema Rychag, Pycuja pagwm
Ha HOBOM XEeNIMKOMTEPCKOM CUCTEMY ENeKTPOHCKOr paToBaka KOAHOr Hasusa
Bosfor-2. Mopen oBor xenukonTtepa nNpeacTaBibeH je, ©0e3  agogaTHuX
objawmera, Ha MehyHapogHom BojHOTExHUYKOM cdopymy APMWJA, y aBrycty
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2018. roamnHe. Ha mogeny je npukasaH cuctem Bosfor-2 yrpaheH y Mi-BAMTSh
n3 cabpuke y YnaH-Ygey. OTnpunvke y UCTO Bpeme, XENWKONTep CIIMYHOT
u3rnega umao je npobHe netoBe y TECTHOM MOCTpOjewy Kopropauumje Russian
Helicopters y TomunuHy, 6nudy Mockse. OBa netenvua uma 6pojHe aHTeHe
HeoBuWYHOr n3rnega ucnod npegwer gena Tpyna, Ha 604HMM cTpaHama Tpyna,
Kao 1 n3Hapg CBOjUX CKMaguULLIHUX CTaHuua.

Cuctem Bosfor-2 nspaguno je MOCKOBCKM Hay4YHO-UCTPaKUBaAYKN UHCTUTYT
3a paguotexHuky unm MNIRTI. OBaj cuctem uma apyradvjy MUcujy o4 cuctema
Rychag; HamewneH je Oa nopemMeTn KOMyHWKauujy W HaBuraumoHe curHane
HenpujaTerba. TpeHyTHM cTaTyC OBOI Nporpama je HejacaH.

UNzeybrbeHa bumka?

Heussectan je ycnex Mi-8MTPR-1 Rychag y Tekyhem paty y YkpajuHu.
Hanme, goctynaH je Beoma manu Opoj M3BeLLTaja, ako UX yonwiTe nmma, OCuMm
BMOEO-CHMMaka ca 3BaHWYHMX KaHana MwuHuctapctBa ogbpaHe Pycuje. Y
jedHom of KX, caroBopHuK npumehyje: , Tewko je NpoueHNTM KBanuTeT Hawer
paga. CBe WTO 3HaMO je Ja ako Ce aBUOHM BpaTe, TO 3HayM ga cMo J06po
ypagunu ceoj nocao, 6mo je ecdumkacan”. Mehytum, cyaehm no KOHTUHYMpaHUM
BEMUKMM ryOuMLMMa KOju Ce HaHOCe PYCKOj TaKTU4KOj M BOjHOj aBujaumju, Mi-
8MTPR-1 ce mMoxe cMartpaTu reHepanHo HeedukacHMM, 6ap y cMucny Lmpe
cnvke parta y Ba3gywHoM npocTtopy. Moxe ce pehu pga cy pesyntatu
€KCTEH3MBHOI PYCKOI eNeKTPOHCKOr paTa A0 caja Ovnv BeoMa Luaponuku. Ako
cuctem Rychag npyxa kopucTaH CTeneH 3awTuTe 3a Apyre aBuoHe, a Moxaa u
Tpyne Ha 3emrbu, TO C€ BEPOBaTHO MOCTMXKE CaMO Ha OFPaHUYEHUM CekTopuma
6ojHor nosrba. C gpyre cTpaHe, MMa MHOrO AoKa3a O PYyCKUM (M YKPajUHCKMM)
TaKTMYKUM aBMOHMMA M XESNMKONTepMMa Koju rnete Ha Beoma Marnum BUCMHaMa,
Kako Ou wn3bernn yHuWTEHE Oof CTpaHe cucTema MpOTUBBA3AYXOMIOBHE
onbpaHe cpefwer n gyror gometa. To wx, 3ay3BpaT, AOBOAM Y 30He AejcTBa
cucTemMa npoTMBBAa3dyxOMNfnoBHe ofbpaHe KpaTkor gomeTa, YKibydyjyhu
NpeHoOCBE pakeTe U CaMOXOOHY NPOTMBABUOHCKY apTurbepujy. NMpoTue npethu
nonyT OBMX, Koje ce OOWYHO ocnawajy Ha MHMPaLpBEHO UMM YaK PYyYHO
HaBohewe, Mi-8MTPR-1 rybu BpepgHocT. [Npobrnem he noctatu camo Behwu
ykonuko  YKkpajuHa Oyae pgobGujanma  MogepHuje  3anagHe  cucTeme
npoTueBBasgyxonnoBHe onbpaHe. CucteM Rychag ce po caga, 6ap y BehuHm
cny4ajeBa, 3anMcTa Cyo4mo camo ca CUCTEMUMA U3 COBjETCKE epe Koju cy Aobpo
Nno3HaTu HEroBUM npojekTaHTuMa. [lakne, mano je BepoBaTHO Aa 6u ce oBaj
cMCTeM nokaszao 60rbMM MMM Yak paBHOMPaBHMM MPOTMB HanpegHuxX 3anagHux
cuctema .

Kako konHeHW part noctaje cBe Texu, notpeba 3a obesbehuBarem
cpeactaBa 3a cysbujatbe npoTMBBa3gyxonnoBHe opgbpaHe BeposaTHO he
nocraTtu camo Beha.

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

ORCID iD: " https://orcid.org/0000-0003-1620-5601
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MoTnyHa moaepHusaumja 6ombapaepa B-522

HoBy koMnjyTepcku reHepucaHu npukas komnauuje Boeing Hyau yeBug y
narneq gpnote 6ombapaepa B-52H amepuykor paTtHor BasgayxonnoBcTBa HakoH
wTto Aobuvje HU3 HagorpadwM y HapedHuM rogmHama. Komnanuja je paHuje
oTkpuna ga he cnepeha wtepaumja B-52 — koja 6u Ha kpajy morna gobutm
o3Haky B-52J unu B-52K — cagpxaTu npumeTHOo Behe nOTKpunHe mopyne
MOTOpa 3a CMeLUTaj HoBMX TypboBeHTMRNaTtopckux moTopa Rolls-Royce F130.
Anwn, 3axsarbyjyhm HOBOM Mpukasy, MOXe Ce BUAETU MOAEpPHWjn, npepaheHm
cTpaTocgepcku 6Gombapaep.

lNpuka3 Hosoz 6ombapOepa y yaconucy Air & Space Forces Magazine

HoBn moTopu cy opgMax yourbvMBW, Maga Cy W paHuje Ounm jaBHO
npukasaHu. Y centembpy je komnaHuja Boeing objaBuna Buaeo-CHMMaK Koju
cagpxu npukase mogena B-52 y aepoTyHeny ca peBuampaHum pacnopenom
MoTopa. Ha rrmaBHOj rogvwiH0j KOHBEHLUMjU BasayxonnoBHO-KOCMUYKMX cHara,
OApXXaHoj y HenocpegHoj 6nm3anHM BawwuHrToHa, uctor Meceua, 6una je
N3noXeHa 1 MakeTa jegHor Hocada MoTopa ca gsa motopa F130.

Makema Hogoz Hocaya momopa y npupo@Hoj 8esiuvyuHuU

2 The War Zone October 20 2022
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Mporpam peuHxewepuHra, koju he Takohe oO6yxBaTUTUM HU3 APYIKUX
WHTEPHMX NPOMEHa 1 Aojdartaka, ykibydyjyhr nHctanauujy gurutanHmx cucrtema
3a KOHTpOMy MOTOPA, jedHa je of Haj3HauvajHujux Hagorpaakwu 3a 6ombapaep B-
52 'y nocnegwux HEKONWKO  AeueHuwja. 3amerweHW Ccy  3actapenu
TypboBeHTUNatopckn motopu Pratt & Whitney TF33, koju Beh ayro Hucy y
nNpov3BOgHOM Mpouecy, HoBMM MoTopuma Tuna F130, wrto he ytuuatm Ha
nosehawe p[omeTa aBuoOHa, noborbliakbe nepgopmMaHcu Ha TepeHy WU
€KOHOMWYHOCTW ropmBa, Kao U Ha CMamere TPOLLKOBa ofpXaBara, NOrmcTuke
n ontepehema.

Moxpga je HajuHTpuraHTHMje TOWTO Ce Ha HOBOM nMpuKasy Buau
peBuanpaHu geo Hoca 3a B-52 koju Mnastaky Bpaha HeroB KnacuyHu varnes
6e3 gogaTHMX ypehaja ucnoag Hoca aBuoHa. [ogaTHe ypehaje unHMna cy aga
KyhuwTta koja cy 3ajegHo dopmupana AN/ASQ-151 Electro-Optical Viewing
System (EVS), enekTpo-onTMYKM OCMaTpayvyku CUCTeM, MNpuU 4Yemy je OEeCHO
kyhmwTe Hocuno Hughes AN/AAQ-6 forward-looking infrared (FLIR) system,
nMHMpPaUpBEHN OcCMaTpadvkm cuctem, OOK je nesBo cagpxano Westinghouse
AN/AVQ-22 low-light-level television (LLLTV) system, ocmaTpayku cuctem ca
Kamepom Hucke BuarbmsocTn. OBu ypehaju cy npsu nyT yrpahenu
cejampeceTux rogvHa Ha BapujaHTe B-52G u B-52H. Hbuxosa rmaBHa cBpxa
6una je ga ce nomorHe nocagama Ada ©0e3begHo neTe Ha BeomMa Manum
BMCMHama, anu cy 3ajeJHO MManu U CekyHOapHe, Mako BeoMa OrpaHuyeHe
MoryhHOCTM Haa3opa u nssuhama.

Cucmemu 3a iem Ha masnum eucuHama.
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OBu cuctemmn Ha npeoctanum 6ombapaepuma B-52H Beh cy mane-Bulle
3amMeneHK, 6ap Ha HeKVM HayvH, MOAEePHUM MOABECHUM HULIAHCKMM ypehajuma
— 6uno tuna Lockheed Martin Sniper unn Northrop Grumman LITENING,
WHCTanMpaHuM Ha nuWnoHMMa ucnop nesBux kpuna 6Gombapaepa. C gpyre
CTpaHe, MWCWje Mpoaopa Ha Beoma Marnum BUCUMHaMa 3HaTHO cy npopeheHe

TOKOM roamHa HakoOH XnaaHor parta.

lModeecHu HuwaHcku ypehaj LITENING ucnod kpuna 6ombapdepa B-52H

AMEpPUYKO paTHO Ba3gyxOMMOBCTBO je Y MPOLUOCTU BUo 3aMHTepecoBaHo
3a NOTeHUujanHo npemMeLuTawe NogBeCcHOr ocMaTpayvkor ypehaja Ha HeKo opyro
mMecTo. MehyTum, UMHM ce Oa, Ha OCHOBY KOMMjyTEPCKOr npukasa, He MoCcToju
Buno kakaB U3MELLTEHM UM HOBU CEH3OPCKM CUCTEM Koju B oaroBapao OBOM
onucy.

HoBu penoBum Hoca Ha mogudumkoBaHum ©Oombapgepuma Takohe he
cagpxkatn pagape AN/APG-79 ca aKTUBHUM €NEeKTPOHCKMM CKEHMpaHeM
(AESA), jow jegHy npenctojehy Hagorpagmwy 3a oBe aBUoHe. BapujaHTa pagapa
koja he ce kopuctntn Ha B-52 je ymaweHa Bepsuja ceTa Koju ce Hanasum Ha
aBnoHuma F/A-18E/F Super Hornet n EA-18G Growler, kao 1 Ha npeocTanum
aBuoHnma F/A-18 wmapuHckor kopnyca. Papapcku cuctem  AN/APG-79
omoryhuhe 6ombappepy B-52 3HaTHO Gorbu pagapckm [omeT, noborbliaHy
CUTYyaUMOHY CBECHOCT, OTMNOPHOCT Ha nNpoTuBMepe n apyre moryhHoctu. Pagap
61 Yak Morao ga nogpxun MoryhHOCTU eNeKTPOHCKOr paToBaka M KOMyHUKauuje,
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a MOABECHM HUWIAHCKM ypehaj moxe OWUTM ChnojeH ca pagapCkuM CUCTEMOM
6ombapaepa, wTo 61 mMorno nomohu y cTuuamwy M ngeHTudmrkaumnju uurbLeBsa,
yKIbyyyjyhu n aBruoHe.

HoBu pagap, kao v enummnHaumja gogaTHUX ocMaTtpadkmx ypehaja, moxe
[OBECTU [0 BenuKor penpodunucamwa camor Hoca B-52. OBakBo noborbluarke
BepoBaTHO OM CMakuNo OTnop M AogaTtHo noborblwano edwmkacHocT. Ha Taj
HauMH oBakBe MNpoMeHe Ow BpaTune aBWOHY u3rned Koju nogceha Ha paHe
BapujaHTe B-52.

BaobrbeHu Hoc bombapdepa b6e3 0odamHuUXx ocMampaykux ypehaja

YourbMBa cy HoBa [Ba Wu3boveta Ha rophwOj CTpaHW aBuOHa, a
npeTnocTaBrba ce ga ce pagu o ypehajuma 3a caTtenuTcke KOMyHMKauuMoHe
cucteme. Jow on 2018. rogmHe BapujaHTe B-52H TpebGamno je ga mobwjy
yHanpeheHe GPS cucteme n mpexHe 6ase nopataka Link-16, kao n HoBe
KOMYyHUKaunoHe ypehaje 3a Hucke dpekBeHuuje, BPo HUCKe dipekBeHuuje n
HanpegHe BPro BUCOKe (hpekseHuuje.
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\/ " B-52H Activity

U.S.AIR FORCE

LRSO FY15an

Moderrezslicn Tocheal oot Guoe FY158Y19
Crash Survastie FOR Qutk Slike J. FYI6FY2)
\Weapons System Traker Special Viapon Imegralion. FY16-FY2t
ATP Relocation i Alr.Liv.nched Decoy: FY17-FY13
Ejedion Seat Ak -Launched RRW. FY17.21

Fiypesonc A Lressllung WAC. 1 Y101 Y2U
riypersonic Conw. Stike W, FYa7.Fyze

Asof 16 12018
lMnaHupaHe u nomeHyujanHe MmodepHu3ayuje bombapdoepa

M3 npukasa Huje jacHo ga nu cy ctyboBu mncnopg Kpuna, Kojuma HegocTajy
JeTarbn HameweHW Aa ofpaxasajy oapefeHu Au3ajH unum cy jeaHOCTaBHO
yyBapu mecta. MecTo ucnog gecHor Kpwna, WTO Huje jacHO BUMASBbMBO, MOXE
OUTN HamMeHEHO 3a CMeLLTaj BENNKe pakeTe, Kao LITO je XMnepCcoHM4Ha pakeTta
AGM-183 Air-Launched Rapid Response Weapon (ARRW). Y amepuykom
paTHOM Ba3dyxOMnnoBCTBY paHuje ce roBopuro o Habasuu HoBux cTyboBa 3a
noaBecHu TepeT ca Behum kanauuTteTom ontepehera, a kKomnaHvja Boeing je
pagvna Ha AmsajHy nogBecHor Hocada kanauuteTa 9.070 kr, o3Hake Hercules.

BombGapaepu B-52 Takohe he gobutun pasnuunte yHyTpallhe Hagorpagse
n moaudukaumje, nopes OHWX Koje Cy AMPEKTHO NoBe3aHe ca pagom MoTopa.
MpukasaH je noborbwaHu u3rnen koknuTta. HajsHadajHuja npomeHa jecte
3aMeHa CTapor cucTema ca BenuKUM HU3OM OpojuyaHuka ,napomepa” Ha
LeHTpanHoM naHeny ca ABa Benuka gurutanHa MynTudyHKUMOHanHa aucnneja.
[Ba popatHa mawa gurutanHa gucnneja MHcTanupaHa cy ca obe cTpaHe
ncnpeg nunoTa u KonunoTa.

Octana nobGorblaka Yy KOKMUTY YKIbYYyjy ,XUOPUOHM MEeXaHWUYKu-
avrutanHu  cucteM  gojasBaka  CHare  MoTopuMa, HOBe  jeAuHuue  3a
KOHLleHTpaTope nopataka (2k), HOBM peKkopAep OApXaBaa rpellaka MoTopa,
HOBM CMCTEM noJartaka o MmoTopumMa (1) MoaMdUKOBaHe CUCTEMCKE naHerne, Kao
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N CTPYKTYpHA, enekTpuyHa, NHeymaTcka U XxuapaynuuHa axypupaha nosesaHa
ca 0BMM Harnopom moAepHusaumje”.

Takofe, nocToje NNaHOBWM Aa Ce MHTEerpule HOBU MakeT 3a eNeKTPOHCKO
paTtoBakwe Ha aBuWOHy B-52 kako 6u ce nobGorbliane wuxoBe oabpambeHe wu
cuTyauMoHe CNOCOBHOCTMN.

BombGapaepu B-52H Ttpebano 6m pga 6yay 3HadajHO MoaudMKOBaHW Y
HapegHUM rogvHama kako 6u ce oapxanu y onepatuBHoj criyxbu go 2050.
roguHe (a BepoBaTHO WM garbe), WTO 3HauM ga he 6utm y cnyxbm ckopo 80
roguHe. [lopen pasHuMx MoauduKaumja camor aBuOHa, aMepuyko paTHO
Ba3dyxonnoBCTBO MfaHMpa [da CBOM apceHany [foda HU3 HOBUX Opyxja,
yKibyyyjyhnm u xunepcoHudHe pakeTe. bombapaepu he BepoBaTHO umaTtu
JojatHe Mawe Hagorpagwe UM noborbluakba Kako ce  npowumpuna
dYHKUMOHANHOCT NOCTOjeRnX cuctema N 'y HapeaHum geleHunjama.

3HavajHa npupoda M3MeHa 3Hayn ga aMepuyko paTHO Ba3gyXxOnsioBCTBO
Takofle HacToju ga OopManHO MPOMEHU HWUXOBY HOMeEHKNatypy. To 6wu
npou3Beno npBy HOBY O3Haky y nuHuju B-52 op BapujaHte H paHux 60-umx
roavHa. AsumoHn B-52 H, op kojux cy nocneawn cuwnn ca bouHrose
npoussogHe nuHuje 1962. roamHe, Gunu cy 3acHOBaHW Ha NPETXOAHOM MoAeny
B-52G, anv cy Taga umanu HoBe TF33 moTtope n agpyra noborswara. H mogenu
cy 6unu nocnegmn aBMoOHU B-52 HOBE NPOM3BOAHE.

Amepnyko paTHO Ba3gyxOMfoBCTBO jOLU YBEK HUje CUrYpHO Kagda u kako he
npeumeHoBaTu npeocTane aBuWoHe B-52 kaga nouyHy aa pobwjajy pasnuuure
Hagorpagwe. Odekyje ce ga he gopmaBawe pagapa AN/APG-79 3axteBaTtu
Benuke NnpomeHe y noctojehum npupydHMUMMa 3a pykoBare U ofpxaBare, LUTO
6u ogmax morno ga usasoBe notpeby 3a HOBOM O3HakoMm, BepoBaTHO B-52J.
MehyTtum, oyekyje ce ga he 6ombapaepwn ca HOBUM pagjapuma nodeTun ga ce
Bpahajy y cnyx6y npe Hero wTo 61no Koju og wux 4obuje Hagorpagwy MoTopa,
wTo 61 oHAa, Ha cnMyaH HauvH, MOTIO 3axTeBaTu HOBO peansajHupane. AKo ce
TO JOroau, KoHavyHa HagorpaheHa koHdurypauumja morna 6u ce HasBaTtu B-52K.
be3 o63upa Ha cBe, aBMoOHM B-52H amepuykor paTHOr Bas3gyxOMnoBCTBa, Of
Kojux cy Hajmnafhu y ynotpebu Beh 60 roguHa, cnpemMHU cy 3a HOBUW m3rnen
nowTo fobujy CBOjy Haj3HavajHWjy Hagorpaamwy.

[pazaH M. Byuykosuh (Dragan M. Vuckovié),
e-mail: draganvuckovic64@gmail.com,

ORCID iD: " https://orcid.org/0000-0003-1620-5601
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Hyntu npototun XM12993

Bucokn amepuyky BOjHU 3BaHUYHWLIM OKYMWMKN Cy Ce Ha NOMuroHy Jyma y
Apu3oHu, y centembpy 2020. roamMHe, Ha AEMOHCTpaUMjM 3aBpLUHMLE MpojekTa
Project Convergence 2020. [orahaj je Tpebano pga nokaxe CNocobHOCT
ynoTpebe BeluTayke WHTENUreHuuje n nosesnBarka HOBE TEXHONOornje ceHsop-
cTpenay kako 6u ce, mopead OcCTanMxX UWUIbeBa, CMakwMO LMKIYC AOHOLUEHa
oanyka ca 20 muHyTa Ha 20 cekyHgu. Odpyrm ume 6ro je TecTupake HOBOr
opyXja, 4nju je cpeguLibm Aeo 6o HOBM Hanop apTurbepuje nosehaHor gomeTta
(Extended Range Cannon Artillery (ERCA), koju ykrbydyje HynTWU npoToTun
XM1299, 3acHoBaH Ha camoxofHoj xaybuum Paladin M109A7 komnaHuje BAE
Systems..

MogudumkosaHo opyxje uma ueB of 9,1 M npojekToBaHy Aa ucnareyje
rpaHate kanumbpa 58 (155 mm) Ha pgarbmHy go 70 km. Opyxje KopucTu
»=HanyweHo” ropmBo 3a ncnarbneakwe noctojehmx n 6yayhmx rpaHarta Kao LWTo cy
M982 Excalibur, XM1113 Rocket-Assisted Projectile n XM1155 Extended Range
Artillery Projectile

MehyTum, 1M3a30B ca Kojum ce nporpam cyo4yaBa jecte aa obes3bean na
rpaHate He gerpagvpajy TonoBcky ueB. [a 6u pewwna Taj npobnem, Bojcka
Tpaxu anTepHaTMBHa peLlera 3a ,potupajyhu nojac”.

OBaj oeo ueBwn, Koju ce HasuBa U ,NOKpeTHa Tpaka”, jecTe MeKkaHu komapg
meTana 6nv3y gHa rpaHaTe u YecTo ce uspahyje og nosnaheHor metana, 6akpa
unu onosa. CBaku NyT Kaga ce ucnanv rpaHata NnpuMT1cak NoTUCHOT ropmea rypa
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MeTan y Hapese ueBu na ce oopmmpa 3anTuBka Koja crnpeyasa ga racosu npohy
nopeg npojektuna. Ha Taj HauuH gonasu A0 oKkpeTaka NpojekTuna gyX LeBu U
terose crtabunusaumje. [dyxun Ton noBehaHor gomeTa NpojekToBaH je Tako Aa
pocturHe Behu pomer, anu je notpebHO Hahu pelewa 3a crnpevyaBame
owTehena ueBwu.

lMo3HaTu cy nogauu O M3OPXKIbMBOCTU poTupajyhe Tpake n xabawy uesu
Koje je noTpebHo nsbehun y byayhHoctu. MNoTtpebHo je nobGorbwiaTtn potupajyhy
Tpaky Tako [a He CMakbyje XMBOTHU BeK LieBu xaybuue, a noBehawe 6p3uHe
nare6e je jow jegHa npenpeka.

AmMepnyka Bojcka MMa 3a UMb Oa CMmamwW nocagy xaybuue n ybpsa 6p3vHy
narebe Ha 6 go 10 rpaHata/muH.[la 6u ce TOo nocturno, npeasuheHo je
nocTaBrbake nnargopme ca ayToMaTCKuM Nywadvem kanaumTteta 31 rpaHarte.
MehyTum, TexunHa je ometana mobunHocT nnatdopmMe, a OTKPUBEHU Cy Y HOBM
npobnemu, jep ce HakoH npeheHnx 4 500 kM ucnoctaBuno pda nocToje
notewkohe ca mobunHowhy 1 n3gpxrensowhy, anv n LEHTPOM rpasuTaumje.

C ob3vpom Ha youyeHe npobrneme, amepuyka Bojcka caja Tpaxu Bepsujy
xaybuue koja he cagpxatu camo 23 [0 24 rpaHate y ayToMaTCKOM MyHauy.
MehyTtum, n nopea 3acaga HepelueHor npobnema TeXUHE ayTOMaTCKOr nykada
jow yBek Huje pelueHa Hu Op3unHa rahamsa.

Hpaezax M. Byukosuh (Dragan M. Vuckovi€),
e-mail: draganvuckovic64@gmail.com,

ORCID iD: "“'https://orcid.org/0000-0003-1620-5601
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No3nB 1 YIYTCTBO AYTOPUMA
NPUMALLEHVE N MHCTPYKUNA OJ1A ABTOPOB PABOT
CALL FOR PAPERS AND INSTRUCTIONS FOR AUTHORS

NO3UB N YIIYTCTBO AYTOPUMA O HAYUHY NMPUNPEME YNAHKA

YnyTcTBO ayTtopuma O HauuHy npunpeme unaHka 3a objaBrbuBare Y
BojHomexHu4ykom anacHuUKy ypaheHo je Ha ocHoBy [lpaBurnHuka o KaTeropusaumjy n
paHrupamy Hay4Hux vaconuca MuHucTapcTBa NpocseTe, Hayke U TEXHOMOLLKOr pasBoja
Peny6nuke Cpbuje ("Cnyx6eHun rnacHuk PC", 6poj 159/20). MNMpumeHa osor NpaBunHuka
MPBEHCTBEHO CMyXK yHanpeherwy KBanuTeTa AoMahnx Yaconmca 1 HKXOBOr MOTRyHWjer
YKIby4nBama y MeflyHapogHu cnucteM pasmeHe Hay4YHux nHdopmauuja.

BojHoTtexHuuku rnacHuk / Vojnotehnicki glasnik / Military Technical Courier
(BTr.mMo.ynp.cp6, www.vtg.mod.gov.rs, ISSN 0042-8469 — wrtamnaHo usgawe, e-ISSN
2217-4753 - online, UDC 623+355/359, DOI: 10.5937/VojnotehnickiGlasnik;
https://doi.org/10.5937/VojnotehnickiGlasnik), jecTe peLeH3nMpaHu Hay4YHU Yaconuc.

BrnacHuumn vaconmuca cy MuHuctapctBo opbpaHe Penybnuke CpbGuje n Bojcka
Cpbuje. N3pgaBay 1 dmHaHcujep Yaconuca je YHuepauteT ogbpaHe y beorpagy (BojHa
akagemuja).

lMporpamcka opujeHTaumja 4aconuca 3acHvMBa ce Ha roAuHb0j KaTeropusauujm
yaconwuca, Kojy BpLUW HaAMNEeXHO OpXKaBHO MUHUCTApPCTBO y oapefheHnm obnactuma, kao u
Ha HeroBoM MHAEKCMpawy y MeflyHapoaHum nHaekcHum 6asama.

Yaconuc obyxBaTa Hay4yHe, OJHOCHO CTpy4yHe obnactu y OkBuMpy OOpa3oBHO-
Hay4yHOr nosfba NPUPOAHO-MaTeMaTU4YKUX HayKa, Kao M Yy OKBMPY OOpa3oBHO-Hay4HOr
norba TeXHUYKO-TEXHONOLWKUX HayKa, a Hapouuto obnactm ombpambeHux Hayka u
TexHonoruja. OOjaBrbyje Teopujcka W MpakTMyHa pocTurHyha koja ponpuHoce
ycaBpLuaBawy CBWX MpuUNagHWka Cprncke, perMoHanHe v MehyHapogHe akagemcke
3ajegHuue, a nocebHO npunagHUKa BOjCKM UM MUHWUCTapcTaBa oabpaHe. [lyGnukyje
pajoBe ca YpPaBHOTEXEHUM W3BELUTABaKEM O aHanuTUYKUM, €KCMEPUMEHTanHUM U
NPUMEHEHUM UCTPaXuBawnMa, Kao W HyMepudkuMm cumynauujama, obyxsaTtajyhu
pasnuuute gucumnnuHe. OOGjaBrbEHM MaTepujanu Cy BUCOKOT  KBanuTeTa U
peneBaHTHOCTW, HaMWCaHW Ha Ha4YMH KOjU WX YMHU LOCTYMHUM LUMPOKOj YMTanadkoj
ny6nuumn. CBn pagoBuM Koju U3BELLTaABAjy O OPUrMHANHUM TEOPUjCKUM W/MNK NPaKTUYHO
OpUjEHTUCAHUM UCTPaXUBakMMa UNU NpoLIMpeHUM Bep3unjama Beh o6jaBrbeHnx pagoBa
ca koHdepeHunja cy pnobpopownu. PagoBu 3a objaBrbuBare ogabuvpy ce OBOCTPYKO
crnenvM MNOCTYNKOM peLieH3nje Kako 6u ce ocurypana OpuUrMHamHoCT, peneBaHTHOCT U
ynTrbMBOCT. MNpUTOM UMb HUje camoO fa ce KBanuTeT ObjaBrbeHMX pagoBa OAPXKM
Bucokum Beh n ga ce o6e3bean npaBoOBpPEMEHW, TEMEIBHU UM YPaBHOTEXEHWN MOCTynak
peueH3uje.

YpehuBauka nonutuka BojHOMeEXHUYKO2 2racHUKa 3aCHvMBa Ce Ha npenopykama
Opbopa 3a etnyHocT y n3pgasawTey (COPE Core Practices) u 3ajegHnykMM npyHUmMnuma
TpaHCMapeHTHOCTU 1 Hajborbe npakce y nsgasawTtsy COPE, DOAJ, OASPA n WAME, kao
1 Ha HajborbmMm nNpuxBaheHum npakcama y Hay4yHOM M3naBallTBy. BojHOMEXHUYKU 2r1aCHUK
je unaH COPE (Committee on Publication Ethics) o 2. maja 2018. roguHe n unaH OASPA
(Open Access Scholarly Publishers Association) og og 27. HoBem6pa 2015. roanHe.

MwuHncTapcTBO npocBeTe, Hayke W TexHomnowkor passoja Penybnuke Cpbuje
yTBpAUNoO je aaHa 25. 10. 2022. roguHe kateropusauuvjy BojHomexHu4Koe anacHuka, 3a
2022. roguHy:
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— Ha NMCTM Yacomnuca 3a pavyHapcke Hayke:
KaTeropuja BPXyHCKM Yaconuc HaumoHanHor 3Havaja (M51),
— Ha NICTU Yaconuca 3a eneKTPOHUKY, TeneKoMyHukaumje n nuHdopmavmoHe
TexHonoruje:
KaTeropuja BpXyHCKM Yaconuc HaumoHanHor 3Havaja (M51),
— Ha NMCTU Yaconuca 3a MalIMHCTBO:
KaTeropuja BpXyHCKM Yaconuc HaumoHanHor 3Havaja (M51),
— Ha NMCTK Yaconuca 3a Matepujane n xeMumjcke TexHornoruje:
KaTeropuja BPXyHCKM Yaconuc HaumoHanHor 3Havaja (M51).

YcBojeHe nucte gomahux yvaconuca 3a 2022. rogvHy Mory ce BUMAETU Ha cajTy
BojHomexHu4koz anacHuka, ctpaHuua Kamezopusayuja yaconuca.

HetarbHuje nHgopmaumje mory ce npoHahu un Ha cajty MuHuctapctea npocserte,
Hayke 1 TexHonowkor passoja Penybnuke Cpbuje.

Mopaum o kateropusauuju mory ce npatuti u Ha cajty KOBCOH-a (KoH3sopuujym
6ubnunoteka Cpbuje 3a objeanteHy HabaBky).

Kateropusaumja yaconuca mssplueHa je npema [lMpaBunHuky O kateropusaumjn u
paHrmpary Hay4Hux vaconuca MuHucTapcTBa NpocBeTe, Hayke U TEXHOMOLLKOr pa3soja
Peny6nuke Cpbuje ("Cnyxbenun rnacHuk PC", 6poj 159/20).

Yaconuc ce npatu y koHTekcTy Cpnckor uutatHor mHgekca — CluHgekc (6a3a
nopgataka gomahux HayyHux yaconuca), HayyHo-uHdopmaumoHor cuctema Redalyc u
Pyckor uHaekca HayyHor umtupawa (PUHLL). lNoasprHyT je ctanHOmM BpegHOBawy
(MOHUTOPWHIY) Yy 3aBWCHOCTW Of yTMUAjHOCTU (MMnakTa) y camum bGasama. [letarsu o
WHOEKCMpaky MOry ce BuaeTM Ha cajty BojHomexHuuykoz enacHuka, CTpaHuua
UHdekcupare vyacornuca.

BojHomexHuuku enacHuk omoryhaBa u npumewyje Creative Commons
(CC BY) ogpenbe o aytopckum npaBuMa. [etarbm O ayTOpCKuM MpaBuma MoOry ce
BMOETW Ha CajTy Yaconuca, cTpaHnua Aymopcka npaea U rnoaumuka camoapxusupara.

PagoBn ce npegajy nytemMm OHMajH cUCTEMa 3a ENEKTPOHCKO YypehuBawe
ACUCTEHT, koju je pa3suo LleHTap 3a eBanyauujy y obpasoBamy u Hayum (LLEOH).

MpucTyn n permcTpaumja 3a cepBuC BpLUe ce Ha cajTy www.vtg.mod.gov.rs, npeko
ctpannue ACUCTEHT wim CUMHOEKC, OOHOCHO  AOMPEKTHO  Ha  JUHKY
aseestant.ceon.rs/index.php/vtg.

[eTarbHO ynyTCTBO O perucTpauvju U npujaBn 3a CepBUC HanasuW ce Ha cajTy
www.vtg.mod.gov.rs, cTpaHuua Ynymcemeo 3a ACUCTEHT.

MoTpebHO je ma ce cBM ayTopuM KOju MOAHOCE pPyKoNuc 3a O6jaBrbuBame Yy
BojHomexHuykom enacHuky pernctpyjy y peructap ORCID (Open Researcher and
Contributor ID), npema ynyTCcTBY Ha CTpaHuum cajta Peaucmpayuja 3a dobujarse ORCID
udeHmuuKkayuoHe wugpe.

BojHomexHu4Ku 2nacHuK 0b6jaBrbyje YnaHke Ha eHrneckom jesuky (arial, BenuynHa
cnosa 11 pt, npopeg Single).

MocTynak npunpeme, nucamwa 1 ypehueama unaHka Tpeba ga 6yae y carnacHoctu
ca MWsjasom o emuykom nocmynamy (http://www.vtg.mod.gov.rs/izjava-o-etickom-
postupanju.html).

UnaHak Tpeba ga cagpXu caxeTak ca KibyYHUM peyrMma, yBon (MOTuBauujy 3a
pan), paspaay (agekBaTaH nperrnen penpeseHTaTUBHOCTM paja Yy Heroeoj obnactu,
jacHy u3jaBy O HOBWHM Yy NpeAcTaBrbLEHOM WCTPaXuBawy, Ofrosapajyhy Teopujcky
no3aguHy, jeaaH unu BuLLe nNpumMepa 3a AeMOHCTpUpare 1 AUCKyCcujy O NpeacTaBribeHNM
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naejama), 3akrbyvak u nutepartypy (6e3 Hymepauumje Hacnosa u nogHacrosa). Obum
ynaHka Tpeba ga Oype Oo jegHor aytopckor Tabaka (16 cTpaHuua dopmarta A4 ca
npopenom Single), a HajBuLwe 24 cTpaHuLe.

UnaHak Tpeba pa Gyge HanucaH Ha obpacuy 3a nucawe 4naHka, koju ce 'y
€reKTPOHCKOj hopMM MOXe npeyseTn ca cajta Ha cTpaHuum Obpasay 3a nucare
ynaHka.

Hacnos

Hacnos Tpeba ga ogpaxaBa Temy unaHka. Y MHTepecy je Yaconuca u aytopa ga ce
KOPWCTE peyn MpUKNagHe 3a UHOEKCUpare W NpeTpaxuBare. AKO TakBUX pedn Hema y
HacrnoBy, NOXerbHO je Aa ce NpuaoAa v NogHacroB.

Tekyhu HacnoB

Tekyhn HacnoB ce wWcnucyje ca CTpaHe CBake CTpaHuLe 4naHka pagu nakwe
naeHTUdKKaumje, NocebHO Konumja YnaHaka y enekTpoHckom obnuky. Cagpxu npesmme u
WHMUMjan umeHa ayTopa (ako ayTopa vMma Bulle, nmpeoctanu ce o3HadvaBajy ca et al.”
unu u ap.“), Hacnoee paga u 4Yaconuca u konauujy (roanHa, BONyMeH, CBecka, NnoveTHa
1 3aBpLUHa cTpaHuua). Hacnoeu yaconuca n unaHka Mory ce aatun y ckpaheHom obnuky.

Ume ayTopa

HaBoawn ce nyHO nme un npesmme (cBux) aytopa. Beoma je noxersHO aa ce HaBeny
N cpedwa crnosa aytopa. MimeHa u npesavmeHa gomahux aytopa yBeKk ce MUCMIUCYjy Y
OpUrMHanHom obnuky (ca CpnckMM OnjakpUTUYKMM 3HAKOBMMA), HE3AaBUCHO Of je3nka Ha
KojeMm je HanucaH pag.

Ha3uB ycTaHoBe ayTtopa (achmnujaumja)

HaBogw ce nyH (3BaHWYHM) HA3UB U ceamLLTe YCTaHOBE Y KOjoj je ayTop 3amnocreH, a
€BEeHTyarlHo W HasuWB YCTaHOBE Yy KOjoj je ayTop 00aBMO ucTpaxuBame. Y CrOXEeHUM
opraHu3auujama HaBoAu ce yKyrnHa xujepapxuja (Hnp. YHuBepauteT oabpaHe y beorpagy,
BojHa akagemuja, Kategpa npuvpogHo-matematuukmx Hayka). bap jegHa opraHmsaumja y
Xvjepapxvju mopa 61TV npaBHO nuue. AKO ayTopa Mma BULLe, a HEeKU MOTMYy M3 UCTe
yCTaHoBe, Mopa ce, NoceGHMM O3Hakama WnM Ha APYrY HauuH, HasHauMTK M3 Koje oA
HaBe[EeHNX yCTaHOBa MOTMYEe CBakU OA HaBedeHux aytopa. Adwnuvjaumja ce ucnucyje
HenocpeaHO HakoH umeHa aytopa. PyHKUMja 1 3Bare ayTopa Ce He HaBozae.

KoHTakT nogauu
Anpeca nnu e-agpeca CBUX aytopa gaje ce nopes umeHa v npesmmMeHa aytopa.

KaTeropwmja (Tun) unaHka

Kateropusauuja unaHaka obaBesa je ypegHuwTBa UM of nocebHe je BaXHOCTW.
Kateropujy 4naHka mory npegnaraTv peueH3eHTM U YnaHoBM ypeaHUWTBa, OAHOCHO
ypeaoHvuum pybpuka, anm OArOBOPHOCT 3a KaTeropusauujy CHOCU UCKIbYYMBO [FaBHU
YPEOHuK.

UnaHun y BoOjHOMeXHUYKOM eriacHUKy Knacudukyjy ce Ha HayyHe W CTpyyHe
ynaHke.

Hay4Hn unaHak je:

— opurMHanaH HayyHu papg (pag y kojeM ce u3HOce MpeTXodHO HeobjaBrbeHu
pe3ynTaTu COMNCTBEHWNX UCTPaXunBaka Hay4HM METOAO0M);

— npernegHn pag (pag Koju CaapXw OpurMHanaH, AetarbaH U KpUTWYKM npurkas
UcTpaxveaykor npobrnema wunu nogpydja y Kojem je aytop ocTBapuo oapehenn
[OMNPUHOC, BUATBUB Ha OCHOBY ayTouuTara);
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— KpaTKoO uUnn npeTxogHo caonwTtewe (OpVIFVIHaJ'IHVI Hay4HW papg nyHor dopmara,
anu maker obuma nnm npenmMmmnHapHor KapaKTepa);

— HayvHa KpwWTMKa, OOHOCHO nonemuka (pacnpaBa Ha oppeheHy HayyHy Tewmy,
3aCHOBaHa VCKIbYYMBO Ha Hay4yHOj apryMeHTaumju) u ocBpTy.

MN3yseTHO, y HekMM obracTvma, HayyHW pag Yy 4acomnucy MoXe umaTtu obnuk
MOHorpadcke CTyaMje, Kao U KPUTUYKOT M3gaka HaydHe rpafe (MCTOopUjCKo-apXMBCKe,
nekcukorpadcke, Gubnuorpadcke, npernega nogartaka v cin.), AoTaf HemnosHaTe Wu
HEJOBOSbHO MPUCTYNaYHe 3a Hay4Ha UCTPaXuBatba.

PafoBu knacugukoBaHu kao Hay4yHU Mopajy uMaTtu 6ap ABe NO3UTBHE peLieHsuje.

Ako ce y yaconucy objaBrbyjy ¥ NpuNo3n BaHHaY4YHOr KapakTepa, Hay4Hu uYnaHum
Tpeba ga 6yay rpynvcaHu 1 jacHO U3ABOjeHN y MPBOM Aery CBecKe.
CTpy4HM UnaHak je:

— CTpyYHu pap (npwurnor y KojeM ce HyAe MCKyCTBa KopucHa 3a YyHanpehemre
npodecroHarHe npakce, anm koja HUCY HYy>KHO 3aCHOBaHa Ha Hay4YHOM MeToAy);

— UHMOPMaTMBHM Npunor (yBOAHWK, KOMEHTap v cn.);
— NpuKas (Kkbure, padyHapckor nporpama, cny4aja, HaydHor gorafaja, u cn).

MoxersHo je Aa obum kpaTkux caonwTewa 6Oyae 4 go 7 cTpaHuua, HayyYHuX
ynaHaka un ctyauwja cnyyaja 10 go 14 crtpaHuua, AOK npernegHn pagoBu Mory 6utn n
ayxun. Bpoj cTpaHuua Huje cTporo orpaHudeH U, y3 oproapajyhe obpasnoxetrse,
npujaBrbeHn YnaHum Takofe Mory 6uTu gyxu unu kpahu.

AKo cy papoBu KOju Cy npeTxogHO O6jaBrbeHM Ha KOH(hepeHuMju NpoLUMpEeHwm,
ypegoHvum he npoBepuTM Aa nu je AodaTo AOBOSbHO HOBOr MaTepujana Koju ucnywaBa
cTaHgapge Yaconuca v kBanudukyje nogHecak 3a noctynak peueHsvje. logatn matepujan
He cvme 6uTn npeTxogHo objaBrbeH. HoBWM pe3ynTaTM HUCY HYXHO MOTpeGHM, anu cy
noxereHn. Meflytum, nogHecak Tpeba Aa cagpxu MpoLMpeHe KibydHe ugeje, npumepe,
paspage, UTA., Koju Cy MpeTxo4Ho bunu cagpxaHn y NOAHECKY ca KoHdepeHumje.

Je3uk papa
Jesuk paga Tpeba ga Gyae eHrnecku.

Tekct Mopa GMTK je3andku u CTUNCKN JoTepaH, cucTematusoBaH, 6e3 ckpaheHuua
(ocum cTaHpapaHux). Cee cdusmyke BenuymMHe Mopajy 6utu nspaxeHe y MefyHapogHom
cuctemMy MepHux jeavHuua — Sl. Pepocnep obpasaua (cdhopmyna) o3HavyaBa ce pegHuM
6pojeBuMma, ca gecHe CTpaHe y OKpyrnuM 3arpagama.

CaxeTak

CaxeTak jecte KpaTak MHGOpMaTMBaH MpuKas cagpXkaja unaHka Koju uutaouy
omoryhaBa ga 6p30 1 Ta4yHO OLIEHM HETOBY PENEBAHTHOCT. Y MHTEpeCy je ypeaHuwTasa
MU ayTopa [a CaxeTak CaapXu TepMMHE KOju Ce YeCcTO KOpUCTe 3a MHOEKCcUpawe U
npetpary unaHaka. CacTtaBHM OenoBWM CaxeTka Cy yBOA/UMIb MCTpaXuBara, MeToaw,
pesyntatu n 3akrbyyak. CaxeTak Tpeba ga vma op 100 po 250 peun u Tpeba ga ce
Hanasu uamehy 3arnaerba (HacrnoB, MMEHa ayTopa W Ap.) U KIbYYHUX PeYn, HAKOH KOjuX
cnenu TEeKCT YnaHka.

KrbyuHe peuun

KrbyuHe peun cy TepmuHuM unu dpase Koje afekBaTHO MpeacTaBrbajy Cappaj
ynaHka 3a notpebe nHaekcupawa n npeTpaxuBarwa. Tpeba nx gogersmBaTy ocnawajyhm
ce Ha Heku mehyHapoaHW u3BOp (MOMUC, PEYHMK Wnu Te3aypyc) Koju je Hajmpe
npuxeaheH MnM yHyTap gate HayyHe obnactu. 3a HMip. Hayky yonwTe, TO je nucta
kibydHux peun Web of Science. Bpoj krby4HMX peun He moxe Outu Behu op 10, a y
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VHTEpecCy je ypeaHuLTBa U ayTopa Aa yyYecTasiocT huxoBe ynotpebe 6yae wro Beha. Y
YnaHKy ce Mu1LLY HenocpeaHo HaKoH caxeTka.

Cnctem ACUCTEHT y 1y cBpxy Kopuctu cneuujanHy anatky KWASS: aytomaTtcko
eKCTpaxoBake KIbYYHUX peyun M3 AUCUMMNUHapHUX Tesaypyca/pedHuka no usbopy wu
pyTUHe 3a UuxoB opabup, Tj. npuxsaTawe OAHOCHO ofbaumBare of CTpaHe ayTopa
n/vnun ypegHuka.

OaTtym npuxBaTtawa YnaHka

JaTym kaga je ypegHULITBO NPMMUIIO YnaHak, AaTyM Kaga je ypeaHUWTBO KOHaYHO
npuxBaTUNO uYnaHak 3a objaBrbuBarbe, kao W AaTyMu kaja cy Yy MehyBpemeHy
[OCTaBIbEHE EBEHTYyanHe UcnpaBke PyKonuca HaBoge ce XPOHOMOLKUM peocrieqom, Ha
CTanHoM MecCTy, MO NpaBWIy Ha Kpajy YnaHka.

3axBanHuua

Hasus n 6poj npojekTa, OAHOCHO Ha3MB Nporpama y OKBMPY KOjer je yYnaHak HacTao,
Kao M Ha3uB WHCTUTYLUMje Koja je domHaHCKMpana npojekaT unu nporpam, HaBoau ce Yy
nocebHoj HaNnoOMeHW Ha cTariHOM MeCTY, MO MPaBWNy Npy AHY NPBE CTpaHe YnaHka.

MpeTxoaHe Bep3uje paga

AKoO je uynaHak y MnpeTxXoAHOj Bep3vju OGMO M3MNOXEeH Ha CKyny y Buay YCMEHOor
caonwTerwa (NOA4 UCTUM WNW CAIMYHUM HAcMoOBOM), Nogatak o Tome Tpeba ga Gyde
HaBefeH y noceGHOj HaNMOMeHW, Mo NpaBwy Npu AHY NpBe CcTpaHe uynaHka. Pag koju je
Beh 06jaBrbeH y HEKOM Yaconucy He Moxe ce 06jaBuTU y BojHOMEXHUYKOM efacHUKY
(npewTamnaTn), HX NOA CAWYHMM HacriOBOM U M3MEHEHOM OBINKY.

TabenapHu n rpachnykm npukasm

MoxerbHO je Aa HacroBW CBUX Mpukasa, a No MoryNcTBY U TEKCTyarlHW cafpxaj,
6yny AaTv ABOjE3VYHO, Ha je3UKy paja U Ha eHITIECKOM je3uky.

Taberne ce nuLWy Ha UCTU HaYMH Kao U TEKCT, a O3Ha4aBajy ce peaHum BpojeBuma
ca ropwse ctpaHe. oTorpaduje n uptexn Tpeba aa Oyay jacHu, npernegHn 1 NOroaHu 3a
penpoaykuunjy. Liptexe Tpeba pagutn y nporpamy word wunu corel. ®otorpaduje u
upTexe Tpeba NOCTaBUTU Ha XKErbEHO MECTO Y TEKCTY.

3a cnvke n rpacdukoHe He CMe Ce KOPUCTUTM CHUMAaK ca ekpaHa padyHapa
nporpamMa 3a npukynrbake nogartaka. ¥ caMoM TEKCTy YnaHka npenopydyje ce ynotpeba
cnuka n rpaduKoHa HENOCpeAHO M3 Nporpama 3a aHanuay nogartaka (kao wTto cy Excel,
Matlab, Origin, SigmaPlot n gpyru).

HaBoheke (uuTupame) y Tekcty
HaunH no3uBara Ha N3BOpE Y OKBUPY YnaHka Mopa 6utn jeaHoobpasaH.

BojHomexHuuku e2nacHUK 3a pedepeHuupare (UMTUpawe U HaBohewe
nutepaType) npumeryje XapBapackum cuctem pedepeHun, OOHOCHO XapBapAcku
npupyyHuk 3a ctun (Harvard Referencing System, Harvard Style Manual). ¥ camom
TEeKCTy, y OBMYHMM 3arpagama, Ha MeCTy Ha KojeM Ce BpLUM MO3MBake, OAHOCHO
unTupake nuTepatype HabpojaHe Ha Kpajy unaHka, obaBesHO y 0OW4YHOj 3arpagm
HanucaTtu nNpes3vMe LUTMpaHor ayTopa, roavHy usaama nybnukaumje ns Kkoje umtmpaTe u,
eBeHTyanHo, 6poj ctpannua. Hnp. (Petrovic, 2012, pp.10-12).

[eTarbHO ynyTCTBO O HauuMHy UMTUpara, ca NpuMepuma, 4aTo je Ha CTpaHuuu
cajta Ynymcmeo 3a Xapeapdcku npupy4HuK 3a cmus. MNotpebHo je ga ce nosneamwe Ha
nuTepaTypy y TEKCTy ypaam y cknagy ca noMeHyTUM YrnyTCTBOM.
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Cnctem ACUCTEHT y cBpxy KoHTpone HaBohewa (UMTupara) y TEKCTY KOpUCTH
cneuujanHy anatky CiteMatcher: oTKpuBame M30CTaBIbEHMX LTaTa Y TEKCTY paja Uy
nonucy pecepeHum.

HanomeHe (¢ycHoTe)

HanomeHe ce gajy npu OHy CTpaHe Ha KOjoj ce Hamnasu TEKCT Ha Koju ce ofHoce.
Mory cagpxaTn mame BaXHe AeTarbe, AONyHCKa objaluhera, HasHake O kopuwheHUM
nssopvma (Ha npumep, Hay4Hoj rpafu, npupyyHuumma), anm He Mory 6uTn 3ameHa 3a
LMTUpaHy nutepatypy.

NucTa pedepeHumn (nuTepaTtypa)

LintupaHa nutepatypa obyxsaTta, no npasuny, Gubnuorpadpcke nssope (4naHke,
MoHorpadvje 1 cn.) U Jaje ce UCKIbYYMBO Yy 3acebHOM oferbKy unaHka, y Buay nucre
pecdepeHun. PedepeHue ce He npeBoAde Ha je3vk paga v Habpajajy ce y nocebHom
OAerbKy Ha Kpajy YnaHka.

BojHomexHuU4Ku 2nacHUK, Kao Ha4uH ucnuca nutepaType, npuMemyje XapBapacku
cucteM pedpepeHuM, ogHOCHO XapBapAcku npupyyHuk 3a ctun (Harvard Referencing
System, Harvard Style Manual).

Jlntepatypa ce obaBesHO nuile Ha nNaTMHWYHOM NUCMY W Habpaja no abeuegHoOM
pepocneny, Hasogehu Hajnpe npe3nmeHa aytopa, 6e3 Hymepauuje.

JeTtarbHo ynyTcTBO O HauuHy nonuca pedepeHun, ca npuMepuma, [aTto je Ha
CTpaHuum cajta Ynymcmeo 3a Xapeapdcku npupydYHuUk 3a cmus. [NoTtpeGHo je ga ce
nonuc NuTepaType Ha Kpajy YnaHka ypaau y ckrnagy ca noMeHyTUM YryTCTBOM.

HecTtanpgapaHo, HEMOTNYHO UM HedocneaHo HaBohewe nuTepaTtype y cucteMrMa
BpeJHOBaka 4aconuca cmartpa Cce [OO0BOSbHUMM pasforoM 3a OcropaBake HayyHor
cTaTyca 4aconuca.

Cnctem ACUCTEHT y cBpxy KOHTpOMe MpaBWIHOI uCmiuca nucTe pedepeHLum
KopucTu cneumjanHy anatky RefFormatter: koHTpona obnukoBama pedepeHumn y cknaay
ca XapBapacKMM NpUPYYHUKOM 3a CTWN.

U3jaBa o ayTopcTBY

Mopen unaHka goctaerba ce Msjasa 0 aymopcmey y KOjoOj ayTOpu HaBOAE CBOj
nojeauHaYHn JONpUHOC Y u3dpaam YnaHka. Takohe, y Toj usjaBn notephyjy Aa cy yYnaHak
ypagunu y cknagy ca [lo3usom u ynymcmeom aymopuma W M3jagom o emuykom
rocmynarby vacornuca.

CBM pagoBu Noanexy CTPYYHOj peLeH3uju.

Cnuncak peueHseHata BojHomexHuU4Ykoz enacHUKa MOXe Ce BMOETW Ha CTpaHuum
cajta Criucak peuyeH3eHama. [lpouec peueH3Mpawa objalwkeH je Ha CcTpaHuum
cajta PeueH3eHmcKU riocmynak.

YpeaHuwTBo
Appeca pepakuuje:
BOjHOTEXHWYKM rMacHMK
Berbka Jlykuha Kypjaka 33
11042 Beorpap,
e-mail: vojnotehnicki.glasnik@mod.gov.rs.
Ten: BojHu 40-260 (011/3603-260), 066/8700-123
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NPUIMALWUEHUE N UHCTPYKLUWUA ANA ABTOPOB O NOPAOKE
NnoaAroToBKU CTATbU

MHCTpyKuMs Ans aBTOpOB O MoOpsfke MOArOTOBKM CTaTbu K onybnukoBaHuio B
XKypHane «BoeHHO-mexHu4Yeckuli secmHuk» paspaboTaHa cornacHo PermameHty o
KaTeropusaumMnm W paHXUpPOBaHUM Hay4HbIX XypHanoB MuHucTepcTBa o6pasoBaHus,
Haykun 1 TexHonornyeckoro passutus Pecnybnukun Cepbus («Cnyx6eHun rnacHuk PCy», Ne
159/20). TllpumeHeHne aToro PernameHta cnocobCcTByeT MOBLILEHUIO KayecTBa
OTEYECTBEHHbIX >XypHanoB M ux 6Gonee MONHOMY BOBMEYEHWUIO B MEXOYHaPOAHYIO
cucTemy obMeHa Hay4HOWN MHopmaumen.

BoeHHo-mexHu4eckuli eecmHuk (Vojnotehni€ki glasnik / Military Technical
Courier), BTr.mo.ynp.cp6, www.vtg.mod.gov.rs/index-ru.html, ISSN 0042-8469 -
neyatHoe wu3gaHue, e-ISSN 2217-4753 - online, UDK 623+355/359, DOI:
10.5937/VojnotehnickiGlasnik; https://doi.org/10.5937/VojnotehnickiGlasnik, sBnsetcs
peLeH3MpyeMbIM HayYHbIM XXYpPHanoMm.

Co6CTBEHHMKM  XypHana: MwuHucTepcTBO 060pOHbI U BoopyxeHble  cunbl
Pecny6nuku Cpbus.

MapaTtensb xypHana: YHusepcuTeT o6opoHbl B 1. benrpaa (BoeHHas akagemus).

[MporpamMmHas opueHTauusi XypHana OCHOBaHa Ha eXerogHom KaTeropusaumm
XypHana, kotopas MpOW3BOAUTCA COOTBETCTBYIOLMM OTPacreBbiM MWHWUCTEPCTBOM, B
3aBMCMMOCTM OT obnactum wccnegoBaHuW, a Takke Ha ero WHAEeKCMpoBaHuu B
MeXayHapOAHbIX HayKoMeTpuyeckmx 6asax AaHHbIX.

XKypHan oxBaTblBaeT HayuHble M NpodeccuMoHanbHble cepbl B pamMkax yvyebHo-
Hay4yHoM o6nacTu ecTecTBEHHO-MaTeMaTU4YeCKUX HayK, a Takke B pamkax y4yebHo-
Hay4YHOM 06nacT¥ TeXHUKO-TEXHOMOrM4YecKUxX HayK, ocobeHHO B 06racT 060POHHbIX
Hayk M TexHomnoruu. B >xypHane nyGnukyioTcs TeopeTnyeckue W npakTudeckune
OOCTMXKEHUS, KOTOpble CMOCOOCTBYIOT MOBLIWEHNIO KBanvuduvKkaumu npeacraBuTenen
cepOCKOoro, permMoHanbHOro 1 MexayHapo4HOro akagemMmyeckoro coobuiectsa, 0Co6eHHO
cnyxawmx MwuHnctepcte O6opoHbl 1 BoopyxéHHbIx cun. B xypHane ny6nukytotcs
cTaTtby CO COOTBETCTBYWOLWUMKU 0630pamMu 06 aHanUTUYECKUX, SKCMEPUMEHTambHbIX U
NpUKNagHblX WCCNEeAoBaHWsX, a TakKe O YUCINIEHHOM MOAENVMPOBaHMKM, OXBaTbiBas
pasnuuHble aucumnnunHbl. MNybnukyemble MaTepuanbl OTNIMYAOTCA BbICOKUM Ka4eCcTBOM U
aKkTyanbHOCTbi. OHWM HanucaHbl Hay4YHbIM, HO MOHSATHBIM W AOCTYMHBLIM A LUMPOKOro
Kpyra ymtatenemn a3bikom. [IpMBETCTBYIOTCH BCe CTaTbu, coobLyaowme 06 opurnHanbHbIX
TEOpPeTUYECKNX N/UNN NPaKTUYECKNX UCCNEAO0BaHUSAX U/Unu pacluMpeHHble BEpCUM paHee
onybnMKoBaHHbIX CTaTen, NPeACTaBIEHHbIX Ha koHepeHumsx. CtaTen ans nybnukauum
oTbupatoTca nyTeM [ABOMHOTO CREnoro peLeH3MpoBaHUs, KOTOpOoe rapaHTupyeT
OPUIMHanNbLHOCTb, akTyanbHOCTb W yaoboumTaemocTb. Llenb cocTouT He TOnbKo B
NoAAEepXaHNM BbICOKOrO KadecTBa MyObnuKyemblx cTate, HO M B obecnevyeHuu
CBOEBPEMEHHOIO, TLATENBHOro 1 COOTBETCTBYIOLLETO NPOLIECCa PELEH3UPOBaHWS.

PepakumoHHasi nonutuka xypHana «BoeHHO-mexHu4YecKkuli 6eCmMHUK» OCHOBaHa Ha
pekoMeHaaumsix Komuteta no aTuke HayuHbix nybnuvkaumi (COPE Core Practices),
o0WuX MpuHUMNax Npo3pavyHOCTU M NyuLIeN NpakTUKE W3OaTeNbCKOM AesiTeNbHOCTU
COPE, DOAJ, OASPA 1 WAME, a Takke Ha nydllen npakTuKe Hay4yHO-u3gaTenbCKon
peqarenbHocTn. XKypHan «BoeHHo-mexHu4deckul eecmHuk» sBnsetca udneHom COPE
(KomuTeT no atuke HayyHbix nybnukaumn) co 2 mas 2018 roga n uneHom OASPA
(Accoumaums Hay4HbIX u3gartenen oTkpbITOro goctyna) ¢ 27 Hosiops 2015 ropa.
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MwuHucTepcTBoM 06pa3oBaHMs, HaykM U TEXHOMNOrMYecKoro pas3sutus Pecnybnvku
Cepbua ytBepxaeHa 25 oktabps 2022 r. kaTeropusauus XypHana «BoeHHo-
mexHu4yeckuli sBecmHuk» 3a 2022 roa;:

— Obnactb KOMNbLIOTEPHbIE HAYKMU:
BeOYLLMIN XypHan rocyfapCTBeHHOro 3HaveHmns (M51),

— ObnacTb 3NeKTPOHUKU, TENEKOMMYHUKaLUi U MHOPMAaLMOHHbIX TEXHONOIMNA:
BeOYyLUMI XypHan rocygapCcTBeHHOro 3HaveHus (M51),

— ObnacTb MalWMHOCTPOEHMUS:
BeOYLLMIN XypHan rocyfapCTBeHHOro 3HaveHmns (M51),

— O6nacTb MaTeprManoB U XMMUYECKON TeXHONOrmu:
BeOYyLUMI XypHan rocyfapCcTBeHHOro 3HaveHus (M51).

C vHopmMaLmen oTHOCUTENbHO kaTeropusaumn 3a 2022 rog MOXHO 03HAKOMUTBLCSH
Ha cTpaHuLe canTa «BoeHHO-mexHU4YecKko2o eecmHuka» Kameeaopu3sauyusi BecmHuka.

Bornee nogpoGHy0 WHpOpMaLMIO MOXHO HamTM Ha canTe MwuHucTepcTBa
o6paszoBaHus, Hayku 1 TexHonornyeckoro passutusi Pecny6nukm Cepbusi.

C uHdopMaumen o kateropusaumm MOXHO O3HakoMuUTbCs M Ha cante KOBCOH
(KoHcopumnym 6ubnuotek Pecnybnukn Cepbusi no sBonpocam o6beanHEeHUs 3aKymnok).

KaTteropusaums BecTHuka npoBefeHa cornacHo PernmameHTy O kateropusaumm u
PaHXMPOBaHWN  Hay4HbIX XKypHanoB MwuHucTepcTBa 06pas3oBaHus, Haykum U
TexHonornyeckoro passutus Pecny6nukm Cepbus («Cnyx6enn rmacHunk PC», Ne 159/20)

XKypHan cootBeTcTByeT ctaHgaptam CepOCKOro MHAekca Hay4Horo LuTMpOBaHMSA
(CUMHpekc/SCindeks) - HaykomeTpuyeckon 6asbl  AaHHbIX Hay4HbIX >XKypHanoB
Pecny6nukn Cepbus, Hay4yHo-uHdopmaumoHHoro cuctema Redalyc, a Takxke
Poccuiickoro  uHpgekca HaydHoro umtmpoBanus  (PVHL). >KypHan  nocTosiHHO
nogBepraeTcsi MOHWTOPUHTY M OLIEHVWBAETCH KOMMYECTBEHHbIMW HAyKOMETPUYEeCKnMM
nokasaTensMmn OTpaxaroLwyMmn ero Hay4Hyto LLleHHOCTb.

C vHdopmaumern 06 MHOEKCUPOBAHUM MOXHO O3HAKOMWUTLCS Ha CTpaHuue cawnTa
XypHana UHdAekcuposaHue BecmHuka.

«BoeHHO-mexHuYeckuli eecmHuk» obecneuynBaeT 4yuTaTensM  BO3MOXHOCTb
OTKPbITOrO ~ AOCTyna, B  COOTBETCTBUM C  MNOMOXeHusMM 06  aBTOPCKUX

npasax, yTBepxgéHHeiMm  Creative Commons (CC BY). C wuHcTpykumen o6
aBTOPCKMX MpaBax MOXHO O3HAKOMWUTLCH Ha CTpaHuue Asmopckue rnpasa u Moaumuka
camoapxuguposaHusi, nepenasa no ceoinke http://www.vtg.mod.gov.rs/index-ru.html.

Pykonucn ctatelt HanpaBnsiloTCst B pefakumio XXypHana ¢ ucrnonb3oBaHuem online
cuctembl ASSISTANT, 3anyweHHon LleHTpom nopgpepxu pa3suTus obpasoBaHus wm
Haykn (LIFMPOH). Pernctpauus B cucteme 1 ohopmrieHve npae AocTyna BbIMONHAETCS
no agpecy http://www.vtg.mod.gov.rs/index-ru.html, yepe3 ctpannuy ASSISTANT wnn
CUMHOEKC (aseestant.ceon.rs/index.php/vtg). C uWHCTpykuMen no perucrpaumm u
npaBam [JOCTyrna MOXHO O3HakoMuUTbCcs No agpecy http://www.vtg.mod.gov.rs/index-
ru.html, Ha cTpaHuue UHcmpykyus no ASSISTANT.

Bce aBTOpbl, mMpepocTaBnslowWwmMe CBOM pykonucu Ang nybnvkauum B pepakumio
XypHana «BoeHHO-mexHuyecKuli 8ecmHUK» [OOIDKHbl MPONTWM  NPeABapUTENbHYHO
peructpauuio B peectpe ORCID (Open Researcher and Contributor ID). 3ta npoueaypa
OCYLLECTBISETCA B COOTBETCTBUM C UHCTPYKUMEW, pasMeLLeHHOW Ha CTpaHuue canTta
Peaucmpauyusi 8 peecmpe ORCID 0ns npuceoeHusi udeHmMugukayuoHHO20 Koda.

«BoeHHO-mexHUYecKull 8eCmMHUK» MyOGNUKyeT cTaTby Ha aHrnuinckom sideike (Arial,
wpudT 11 pt, npoben Single). MNpouecc NoAroToBKK, HANUCAHWS U PeaaKTMPOBaHWS CTaTby
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OOIDKEH OCYLLECTBMATLCA B COOTBETCTBMM C  MpUHUMNAMU  3muyecko2o Kodekca
(http://www.vtg.mod.gov.rs/etichyeskiy-kodyeks.html). CtaTest gomkHa cogepxatb pestome
C K/O4YEeBbIMM CroBamu, BBegeHue (Uenb  MCCrefoBaHWusi), OCHOBHYK — YacTb
(cooTBeTCTBYOLMI 0630p NpeacTaBUTENBHOrO UCCNeaoBaHUsa B AaHHOW obnacTu, YeTkoe
N3NOXEHNEe Hay4yHOW HOBWU3HbI B NpPeACTaBNEHHOM WCCeAoBaHUM, COOTBETCTBYHOLLYHO
TEOPETUYECKYI0 OCHOBY, OAMH WM HECKONbKO NPUMEPOB ANt OEMOHCTPUPOBaHUSI U
o6CyXaeHs MpeAcTaBrneHHbIX TEe3NCOB), 3aKMiOYeHne U CnUMcok nutepaTtypbl  (6e3
HymMepaLuuM 3arofioBkOB U nopasaronoBkoB). O6beM cTtaTby HE OOMKEH MpeBbIlaTh OOWUH
aBTopckmn nuct (16 cTtpanuy cdopmata A4 ¢ ogvHapHbLIM MHTEPBArioM, MakcMMym no 24
CTpaHuL, BKIOYas CCbIIKN U NpurioxeHus). Ctatba AomkHa ObiTb HabpaHa Ha KoMMbloTePe
C WCnomnb3oBaHUEM CreumansHO MOATrOTOBIIEHHOTO pefakuMent MakeTa, KOTOPbIA MOXHO
ckayaTtb Ha cTpaHuue caunTa [pasuna u obpa3sey cocmasneHusi cmamau.

3aronoBok

3aronoBoK [OSKEH OTpaxaTb Temy cTateW. B uHTepecax XypHana wn asTopa
Heob6XxoAMMO MCMnonbL30oBaTb CMOBa M CNOBOCOYETaHus, yAOOHble AnA uHaekcauun u
noucka. Ecnu Takve cnosa He cogepxXaTtcsa B 3arofoBke, TO XenaTenbHO ux JobaBuTb B
MOA,3aronoBOK.

TekyLwymi 3aronoBokK

Tekylwmin 3aronoBOK MULLIETCA B TUTYME KaXOoW CTpaHuubl CTaTbyM C LEnblo
yrnpoweHnsa npouecca wugeHTudukaumv, B NepBYD oO4Yepedb KOMMN CcTaTben B
3MNEeKTPOHHOM BuAe. 3aronoBok coaepxuT B cebe hamununio n nHnuman nMeHn astopa (B
criyyae ecnv aBTOPOB HECKOSbKO, ocTallbHble 0603HavalTca € «et al.» unu «u ap.»),
Ha3BaHue paboTbl M XypHana (rog, TOM, BbIMYCK, HavanbHas W 3aKMlOYUTENbHas
CTpaHuua). 3arofnoBoK cTaTbM W Ha3BaHWe XypHana MoryT ObiTb MpuBeAeHbl B
COKpaLLLeHHOM BUAE.

®PUO aBTOpa

MpuBoaATCA NnonHasa damunusa 1 nonHoe ums (Bcex) aBTopos. XKenatensHo, 4ToObI
6bINKn yKasaHbl MHULUManNbl oT4ecTB aBTopoB. ®amunusa n umsa asTopoB U3 Pecnybnvku
Cepbusi Bcerga nuwyTCs B OpurMHanbHOM Buae (C cepOCcKMMM  OMakpUTUHECKUMUN
3Hakamu), HeE3aBMCKMMO OT A3blka, Ha KOTOPOM HanucaHa paboTa.

HaumeHoBaHue yupexpaeHus aBTopa (acpcdomnmuauus)

MpuBogutcs nonHoe (odhmumansbHOE) HavMMEeHOBaHue U MeCTOHaxoXAeHue
yYpexaeHus, B KOTOPOM paboTaeT aBTop, a TakkKe HaWMEHOBaHWE YYPEXAEHWS, B
KOTOPOM aBTOp MPOBEN uccregoBaHue. B cnyvae opraHvsaumin CoO CrOXHOWN CTPYKTYpOW
NPUBOANTCSA UX Mepapxmyeckas ConoguMHEHHOCTb (Hanp. BoeHHas akagemwus, kadeapa
BOEHHbIX 3MEKTPOHHbIX cuctem, r. benrpan). Mo kparHel mepe, ogHa U3 opraHusauuii B
nepapxum [OMKHa UMeTb cTaTyc lopuaudeckoro nuua. B cnyyae ecnu ykasaHo
HeCKONbKO aBTOPOB, M €CMN HEKOTOpble M3 HKUX paboTalT B OAHOM YYPEXAEHUU, HY>XHO
OTAENbHLIMM 0B603HAYEHNAMMN UMN KaKUM-NMBO ApyrMM Cnocobom ykasaTb B KakoM w3
NPMBEAEHHBIX YYpexaeHun paboTaeT Kaxgbi u3 aBTopoB. Addpunuaumsa nuwercs
HenocpeactBeHHo nocne OO aBTopa. [JOMmMKHOCTb M CNeuManbHOCTb MO OUMNIIOMY He
yKa3sblBaloTCS.

KoHTakTHble AaHHble

OMEeKTPOHHBIN aapec aBTopa YKasblBalTCA PAOOM C €r0 MMEHEM Ha MepBoW
CTpaHuLpl CTaTbM.

KaTteropus (Tun) ctatbu

KaTteropusauusi craTbeil siBnsieTca 06A3aHHOCTLIO pedakuMM U umeeT ocoboe
3HaveHve. KaTteropuio ctatby MOryT mpeafiaraTe PeLeH3eHTbl M YneHbl peaakumu, T.e.
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penakTopbl pybpuK, HO OTBETCTBEHHOCTb 3a KaTeropusaumio HeceT WCKMYUTENbHO
rmaBHbIN pegakTop. CTaTby B XXypHane pacnpeenstoTcs no creayowmum KaTeropusm:
Hay4Hble cTatbu:
— opurumHanbHas HayyHas cTatba (paboTta, B KOTOpOW NpPMBOAATCH paHee
HeonybnvKoBaHHble pe3ynbTaTbl COBCTBEHHbLIX WCCNEAOBaHWM, MOMYYEHHbIX Hay4YHbIM
MeToaoM);

— obsopHas cTatbs (paboTa, cofepXalias OpUrMHalbHbIA, JeTanbHbl U
KpUTUYeckuii 063op uccrnedyemoil npoGriembl Unu obrnact, B KOTOPbIA aBTOp BHEC
onpeaenéHHbI BkNag, BUAVWMBIA Ha OCHOBE aBTOLMTAT);

— kpaTkoe cooblieHne (opurMHanbHas HayyHas paboTa nonHoro dopmara, Ho
MeHbLUero o6bEmMa unu nveroLasa npeaBapuTenbHbIA XapakTep);

— Hay4Has Kputudeckas ctatbsi (QUCKYCCUSA-NONEMUKa Ha ONPeAEnEHHYI0 Hay4YHyto
TEMY, OCHOBaHHasi MCKMIOYMTENBbHO Ha HAay4YyHOW aprymMeHtauumM) W HayuHbIR
KOMMEHTapui.

OpHako, B HEKOTOpbIX 06nacTaxX 3HaHW Hay4Hasi paboTa B XypHane MoXeT UMeTb
dopMy MOHOrpadn4ecKkoro nccrnegoBaHmns, a Takke KpuTudeckoro obcyxaeHns Hay4yHoro
mMaTepuana (MCTOPMKO-apXUBHOTO, Nekcukorpadmyeckoro, bubnuorpadgpuyeckoro, o63opa
OaHHbIX M T.M.) — 0O CUX MOP HEWU3BECTHOIO MMM HEAOCTAaTOYHO AOCTYMHOMO AN HayYHbIX
uccnegoBaHuii. PaboTbl, kKnaccuduumpoBaHHbIe B Ka4eCTBE Hay4HbIX, JOIMKHbI UMETb,
No MeHbLUen Mepe, ABe MOnoXuTenbHble peueH3un. B cnyyae ecnu B XypHane
0ODBbABNAITCA U MPUNOXKEHNS, HE MWMEILME HayYHbI XapakTep, HaydHble cTaTby
OOMXKHbI 6bITb CrPYNNUPOBaHbI U YETKO BblAeNeHbI B NEPBOM YacTn HoMepa.

MpodeccroHanbHble cTaThu:

— npocdpeccuoHanbHas pabota (MPUNOXeHWs, B KOTOPbIX MpeanaratTcs OnbiThl,
nonesHble ONA COBEPLUEHCTBOBAHUSA MNPO(ECCMOHanbHOW MNPaKTUKM, HO KOTOpble He
OOJDKHbI B 00s13aTeNbHOM nopsiake ObITb 060CHOBaHbLI HA HAY4YHOM MeToae);

— MHPOPMATVBHOE NPUIIOXKEHWE (NepefoBasi CTaTbsl, KOMMEHTapUiA 1 T.N0.);
— 0630p (KHWIM, KOMMbBIOTEPHON NPOrPaMMBl, Cryyasi, Hay4YHOro CoGbITUS U T.N.).

O6beM kpaTkmx CoobLLEHMI COCTaBNSET 4-7 CTpaHWUL, NCCneqoBaTeNnbCKME CTaTbh U
TemaTn4eckne uccriegoBaHms ¢ NpPobneMHo-CUTyaumMoHHbIM aHanm3om — 10-14 cTpanuu,
ofHako obbem OB30pHLIX cTaTer MoxeT ObiTb Gonblie. OrpaHMyeHuMs No KONMMYecTBy
CTpaHWL, He ABNSIOTCA CTPOrVMW, CriefoBaTenlbHO NpU COOTBETCTBYIOWEM OBOCHOBaHWM
npeaocTaBneHHble paboTbl MoryT ObiTb AnMMHHee wnmn kopoye. B cnyyae nogaum
paclVpeHHbIX Bepcui paHee OMyGNMKOBAHHbIX AOKNadoB, MPEeACTaBNeHHbIX —Ha
KOHdepeHUmK, pedakums npoBepuT ObINo MM obaBneHo 4OCTaTOMHO HOBbIX Matepuarnos
ans  Toro, 4ToObl CTaTbss COOTBETCTBOBana CTaHA4apTam XypHana W YCroBusM
peueH3vpoBaHus. [JobaBneHHbIn MaTepuan AormkeH ObiTb HOBbIM, HeOomnybrnMKOBaHHbLIM
paHee. HoBble pesynbTaTbl NPUBETCTBYIOTCH, HO HE ABNSIOTCA 06A3aTeNbHbLIM YCNOBUEM;
OfHaKO KroYeBble TE3WCbl, NPUMEpPBI, pa3paboTkv 1 Np. AOMKHbLI ObITb 6onee nogpobHo
npeAcTaBneHbl B CTaTbe MO CPaBHEHUIO C NEPBUYHBIM AOKNaA0M Ha KOHdepeLmu.

A3blk paboTbl

Ctatbsl AomkHa ObITb HanucaHa Ha aHIMMACKOM A3blKe. TEKCT AOMKeH ObiTb B
JIMHFBUCTUYECKOM U CTUIUCTUYECKOM CMbICIE YMOpsOoYveH, cuctemaTtusmpoBaH, 6es
COKpaLLeHn (3a WCKIYeHMeM CTaHOapTHbIX). Bce duanyeckne BenMUMHBLI AOMKHbI
cooTBeTcTBOBaTh MexayHapoaHou cucteme eguHuy, mamepenms — CU. OuepepHocTb
cdopmyn 0603Ha4YaeTcs NOpPSAKOBBIMU HOMEpPaMM, MPOCTABISIEMbIMU C MPABOWA CTOPOHbI
B KPYIMbIX CKOOKaXx.
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Pe3rome

Pestome saBnaetcs kpaTkum MHoOpMaTMBHBIM  0H30pOM  cogepaHus cTaTbm,
obecneunBaolWM yuTatento ObICTPOTY M TOYHOCTb OLIEHKM €€ peneBaHTHocTu. B
WHTEepecax pedakuMm u aBTOPOB, 4YTOObl pes3iomMe CcoaepXano TepMUHbl, 4acTo
ucrosnb3yemble ONA MHOEKCUPOBaHUS M nowvcka ctaTber. COCTaBHbIMM YacTsMU pestome
ABMSAOTCS BBeAeHWe/Uenb WUCCneaoBaHus, MeTobl, pesynbTaTtel U BbiBOAbl. B pestome
OOmkHO ObITb 0T 100 fo 250 CroB, U OHO AOMKHO HAaXOAUTCA MeXAy TUTYNaMmm (3aronoBoK,
®WNO aBTOPOB M Ap.) M KINOYEBLIMW CITOBaMK, 3@ KOTOPbIMU CreayeT TEKCT CTaTby.

KnioueBble crnoBsa

KnioueBbiMM  crioBamu  SIBNSIIOTCS  TePMUHbI  MnuM  ppasbl,  ageKkBaTHO
npeacTaBnsalolLIMe CoOepXaHWe cTaTbu, Heobxoaumble ONA MHOEKCMPOBAHUS U MoucKa.
KnioueBble croBa HeobOxoaMMo BbiOMpaTb, onvMpascb MpuM 3TOM Ha Kakom-nubo
MeXOyHapOAHbIN UCTOYHMK (perncTp, crnoBapb, Tesaypyc), Hanbonee uCNonb3yembin
BHYTPM AaHHOW HayyHoW obnacTtu. Yucno knoyeBbIX CnoB He MoxeT npesblwaTe 10. B
NHTepecax pefakuum n aBTopoB, YTODObI YacToTa MX BCTpeYn B cTaTbe Obina kak MOXHO
6onbluen. B ctatbe OHM NWLLIYTCA HENOCpeACTBEHHO MoCne pestome.

Mporpamma ASSISTANT npepocTtaBnsieT BO3MOXHOCTb WCMOSb30BaHUSA cepBuca
KWASS, aBTomMaTtuuyecku MKCUPYHIOLLIETO KIHOYEBbIE CIOBa M3 UCTOYHUKOB/COBapew no
BbIbOpY aBTOpa/penakropa.

[ata nony4yeHus ctaTbu

[ata, korga pegakuusi nonyduna craTtblo; gaTa, koraa pefakumsi OKOHYaTernbHO
npuHsana craTeld Kk nybnukaumv; a Tawkke pJaTa, korga Obinv  npefocTaBreHbl
HeobXxoAuMble MCNpaBneHNss PyKoOMUCK, MPUBOASATCA B XPOHOMOMMYECKOM MOpsaKe, Kak
npaBuIio, B KOHLIE CTaTbMu.

BbipaxeHue 6narogapHocTu

HavmeHoBaHWe n HOMep MpoekTa, T.e. Ha3BaHWe nporpaMmbl brarogapsi KOTOpOn
CTaTbsl BO3HUKITA, COBMECTHO C HAMMEHOBaHWEM YyUYpEeXAEHWs, KOTopoe rHaHCMpoBarno
NPOEKT unu nporpaMMy, MPUBOASTCA B OTAENbHOM MPUMEYaHUW, Kak NpaBuio, BHU3Y
NepBON CTPaHWLbl CTaTby.

MNpepbiayuime Bepcumn paboTbl

B cnyyae ecnn crtatbs B npeabigylien Bepcuu Obina M3noxeHa YCTHO (noa
OAVHaKOBbIM MMM MOXOXMM HasBaHWEM, Hanpvmep, B BuAe [OKnaga Ha Hay4How
KOHgepeHUmMmn), cBeaeHnst 06 3TOM OOSMKHbI ObiTb yKasaHbl B OTAENBbHOM MpUMeYaHuu,
Kak npasBuno, BHW3y MepBOM CTpaHuubl cTatbn. Pabota, KoTopas yxe 6bina
onybnukoBaHa B KakoM-nnbo M3 XypHanoB, He MoxeT ObiTb HanevaTtaHa B «BoeHHO-
MexHUYeCKOM 86CMHUKEe» HN NMOJ NMOXOXMM Ha3BaHWEM, HA B UBMEHEHHOM BuAe.

Hymepauus n Ha3BaHue Tabnuu un rpacdukoB

XenatenbHo, 4TOObI Hymepaumuss W HasBaHue Tabnuy W rpadukoB OGbinn
WCMOMHEHbl Ha [ABYX A3blkax (Ha s3blke OpuUrMHana W Ha adrnunckom). Tabnuupl
NOAMMUCHIBAIOTCA TaKMM JXe crnocobom Kak M TekCT M 0bo3HavaloTcs MNopsOKOBbIM
HOMEpPOM C BepxHew CTOpOHbl. doTorpacdum M PUCYHKU [AOMKHbI ObITb MOHATHBI,
HarnagHbl M yaoGHbl Ana penpoaykuuun. PucyHkn Heobxooumo genatb B nporpaMmax
Word wnu Corel. doTorpacdmm n pucyHKn Hago NOCTaBUTL Ha Xenaemoe MeCTo B TEeKCTe.
Ons co3pgaHusa m3obpaxeHni 1M rpadmkoB UCMONb30BaHNEe (MYHKLUUM CHUMKa C 3KpaHa
(ckpuHwoTa) He ponyckaeTcd. B camoM TekcTe cTaTbuM pekoMeHOyeTCcs NpuMeHeHune
n3obpaxeHuin u rpacpukos, 06paboTaHHbIX TakuMN KOMMbIOTEPHBIMW NPOrpaMmMamu, Kak:
Excel, Matlab, Origin, SigmaPlot n gp.
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CcbInKku (UMTMPOBaHKNE) B TEKCTe

OcbopmneHmne CCbInok Ha UCTOYHUKM B paMKax CTaTbW JOMMKHO ObiTb 0AHOOOPAa3HbIM.
«BoeHHo-mexHuU4Yeckuli  8eCmHuK» AN OPOpMMEHUs  CCbINOK, uUuMTaT W cnucka
NCMonb3oBaHHON nuTepaTypbl NpumeHseT [apsapackyto cuctemy (Harvard Referencing
System, Harvard Style Manual). B Tekcte B ckobkax npmBogutca dhamunns LUTUpyemoro
aBTopa (Unu damunusa nNepeoro aBTopa, €Cnv aBTOPOB HECKOMbKO), ro4 U3AaHusa U no
HeobxoaMmMocTn Homep cTpaHuubl. Hanpumep: (Petrovi¢, 2010, pp.10-20). PekomeHaauum
0 crnocobe LMTUPOBaHWA pa3MeLleHbl Ha CTpaHuue canTa MHCmpyKuUs o UCMoMb308aHUI0
lapsapdckozo cmurns. Tpn OdOPMNEHUN CCbINOK, UMTaT M Chmucka WCMosb30BaHHOM
nuTepaTypbl  HeobXxoOMMO  NPUAEPXUBATLCA  YCTAHOBMEHHbIX  HopM. [lporpamma
ASSISTANT npepgoctaBnset npu LUMTUPOBaHWM BO3MOXHOCTb WUCMONb30BaHUSA cepBuca
CiteMatcher, coukcupytoLero nponyLleHHble umMTaTel B paboTe 1 B cnncke nutepaTypbl.

MpumeyaHus (CHOCKK)

lMpyMeyaHnss (CHOCKM) K TEKCTY YKa3blBalOTCSH BHWU3Y CTPaHWLbl, K KOTOPOW OHM
oTHocATCA. [MpumeyaHns MoryT cogepxaTb MeHee BaXHble AeTanu, OONOMNHUTErbHble
006bACHeHUs, ykaszaHns 06 MCMOMb30BaHHbLIX UCTOYHMKaX (Hanp. Hay4YHoOM maTtepwuane,
CNpaBOYHMKaXx), HO He MOryT BbITb 3aMeHON Npoueaypbl LMTMPOBaHWA nuTepaTypbl.

Nurepatypa (pecdepeHumnn)

LinTnposaHnHown nuTepaTtypon OXBaTbIBaKOTCA, Kak npaswuro, Takve
Gubnuorpadmyeckme MCTOMHWMKM Kak cTaTbW, MOHorpadum u T.n. Bca wcnonbsyemas
nuTepartypa B BuAe pedepeHLmn pasmeLlaeTca B OTAENbLHOM pasferne ctatbn. HassaHus
nuUTepaTypHbIX MCTOYHWKOB HE NEepeBOAsTCs Ha A3blk paboTbl. «BOeHHO-mexHu4Yeckul
8ecmHuUK» ANs  OPOPMIIEHMs CMUCKa  WCMONb30BAHHOW  nMTepaTypbl  NpUMeHseT
lapBapackyto cuctemy (Harvard Style Manual). B cnvcke nutepaTypbl WCTOYHMKM
ykasbiBaloTcd B andaBuMTHOM nopsake amunuin  aBTOpoB  WAM  PeAAKTOPOB.
PekomeHaauum o cnocobe LMTMPOBaHNA pa3MeLLeHbl Ha CTpaHuue canTa MHCmpyKyus rno
ucrionb3ogaHuto [apsapdckozo cmuss. py OOPMIIEHMM CMMCKA UCMONb30BaHHON
nuTepaTtypbl HeOOXoAMMO MPUOEPKMBATECA YCTAHOBMNEHHbIX HOpM. [lpn odopmneHuu
cnucka  nutepatypbl  nporpamma  ASSISTANT  npegoctaBnseTr  BO3MOXHOCTb
ncnonb3oBaHus ceperca RefFormatter, ocyLLecTBNAOLLEro KOHTPOb 0POpMIEHNS cnmcka
nuTepaTypbl B COOTBETCTBMM CO cTaHgapTamu [apBappackoro ctuns. HecraHgapTHoe,
HenornHoe 1 HemnocnegoBaTeflbHOe NpyYBeAeHNe MUTepPaTypbl B CUCTEMAX OLIEHKM XypHana
cYMTaeTcs 4OCTAaTOYHOWM NPUYMHON ANSi OCNapuBaHWs Hay4YHOro cTaTyca XypHana.

ABTOpCKOEe 3asiBneHue

ABTOpCKOE 3asABrneHvVe npefoCcTaBnAeTcs BMECTe CO CTaTbel, B HEM aBTopbl
3asBMSIOT O CBOEM IMYHOM BKMage B HanucaHve cTatbn. B 3asBneHun aBTopbl
NoATBEPXKAAIOT, YTO CTaTbs HAaNUcaHa B COOTBETCTBUM C [IpuanaweHuem u UHCMpPyKuusmu
019 asmopos, a Takxe ¢ KoOekcom npogheccuoHanbHOU 3MUKU XypHara.

Bce pykonucu cTaTei nognexar npocbeccuouam:.uomy peueH3npoBaHUIO.

Cnncok peLeH3eHTOB XypHana «BOeHHO-mexHUYecKul 8eCMHUK» pasMeLléH Ha
cTpaHuue caiita Criucok peueHseHmos. MNpouecc peLeH3MpoBaHns onvcaH B pasgene

lNpasurna peyeH3uposaHusl.
Pepakuus
MouToBbLIM aapec peaakuun:

«BOjHOTEXHMYKM rnacHNK»

yn. Benbka JNyknya Kypsika 33, 11042 Benrpag, Pecny6nuka Cep6bus
e-mail: vojnotehnicki.glasnik@mod.gov.rs,

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 Regulations on categorization and ranking of
scientific journals of the Ministry of Education, Science and Technological Development
of the Republic of Serbia (Official Gazette of the Republic of Serbia, No 159/20). This
Regulations aims at improving the quality of national journals and raising the level of their
compliance with the international system of scientific information exchange.

The Military Technical Courier / Vojnotehnicki glasnik
(www.vtg.mod.gov.rs/index-e.html,  BTr.mMo0.ynp.cp6, ISSN 0042-8469 - print issue,
e-ISSN 2217-4753 — online, UDC 623+355/359, DOI: 10.5937/VojnotehnickiGlasnik;
https://doi.org/10.5937/VojnotehnickiGlasnik), is an peer-reviewed scientific journal.

The owners of the journal are the Ministry of Defence of the Republic of Serbia and
the Serbian Armed Forces. The publisher and financier of the Military Technical Courier is
the University of Defence in Belgrade (Military Academy).

The program of the journal is based on the annual classification of journals performed
by a relevant Ministry as well as on its indexing in international indexing databases.

The journal covers scientific and professional fields within the educational-scientific
field of Natural-Mathematical Sciences, as well as within the educational-scientific field of
Technical-Technological Sciences, and especially the field of defense sciences and
technologies. It publishes 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. It publishes
papers with balanced coverage of analytical, experimental, and applied research as well as
numerical simulations from various disciplines. The material published is of high quality and
relevance, written in a manner that makes it accessible to a wider readership. The journal
welcomes papers reporting original theoretical and/or practice-oriented research as well as
extended versions of already published conference papers. Manuscripts for publication are
selected through a double-blind peer-review process to validate their originality, relevance,
and readability. This being so, the objective is not only to keep the quality of published
papers high but also to provide a timely, thorough, and balanced review process.

The editorial policy of the Military Technical Courier is based on the COPE Core
Practices, common COPE, DOAJ, OASPA and WAME Principles of Transparency and
Best Practice in Scholarly Publishing as well as on the best accepted practices in
scientific publishing. The Military Technical Courier has been a COPE (Committee on
Publication Ethics) member since 2nd May 2018 and a member of OASPA (Open Access
Scholarly Publishers Association) since 27th November 2015.

The Ministry of Education, Science and Technological Development of the Republic
of Serbia classified the Military Technical Courier for the year 2022, on October 25, 2022

—on the list of periodicals for computer sciences,

category: reputed national journal (M51),

—on the list of periodicals for electronics, telecommunications and IT,
category: reputed national journal (M51),

—on the list of periodicals for mechanical engineering,
category: reputed national journal (M51),

—on the list of periodicals for materials and chemical technology,
category: reputed national journal (M51).
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The approved lists of national periodicals for the year 2022 can be viewed on the
website of the Military Technical Courier, page Journal categorization.

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 categorization
and ranking of scientific journals of the Ministry of Education, Science and Technological
Development of the Republic of Serbia (Official Gazette of the Republic of Serbia, No
159/20). More detailed information can be found on the website of the Ministry of
Education, Science and Technological Development.

The journal is in the Serbian Citation Index — SCindex (data base of national
scientific journals), in the Scientific Information System Redalyc, and in the Russian Index
of Science Citation/Poccuiickun uHgekc HayqHoro umtupoBanus (RINC/PUHLL) and is
constantly monitored depending on the impact within the bases themselves. 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 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 an abstract with keywords, introduction (motivation for
the work), body (adequate overview of the representative work in the field, a clear
statement of the novelty in the presented research, suitable theoretical background, one
or more examples to demonstrate and discuss the presented ideas), conclusion, and
references (without heading and subheading enumeration). The article length should not
normally exceed 16 pages of the A4 paper format with single spacing, up to a maximum
of 24 pages with references and supplementary material included.

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.
Letterhead title
The letterhead title is given at a top of each page for easier identification of article
copies in an electronic form in particular. It contains the author’s surname and first name
initial (for multiple authors add “et al”), article title, journal title and collation (year, volume,
issue, first and last page). The journal and article titles can be given in a shortened form.
Author’s name
Full name(s) of author(s) should be used. It is advisable to give the middle initial.
Names are given in their original form (with diacritic signs if in Serbian).
Author’s affiliation
The full official name and seat of the author’s affiliation is given, possibly with the
name of the institution where the research was carried out. For organizations with
complex structures, give the whole hierarchy (for example, University of Defence in
Belgrade, Military Academy, Department for Military Electronic Systems). At least one
organization in the hierarchy must be a legal entity. When some of multiple authors have
the same affiliation, it must be clearly stated, by special signs or in other way, which
department exactly they are affiliated with. The affiliation follows the author's name. The
function and title are not given.
Contact details
The postal addresses or the e-mail addresses of the authors are given in the first page.
Type of articles
Classification of articles is a duty of the editorial staff and is of special importance.
Referees and the members of the editorial staff, or section editors, can propose a
category, but the editor-in-chief has the sole responsibility for their classification.
Journal articles are classified as follows:
Scientific articles:

— Original scientific papers (giving the previously unpublished results of the author’s
own research based on scientific methods);

— Review papers (giving an original, detailed and critical view of a research problem
or an area to which the author has made a contribution demonstrated by self-citation);

— Short communications or Preliminary communications (original scientific full
papers but shorter or of a preliminary character);

— Scientific commentaries or discussions (discussions on a particular scientific
topic, based exclusively on scientific argumentation) and opinion pieces.

Exceptionally, in particular areas, a scientific paper in the Journal can be in a form
of a monograph or a critical edition of scientific data (historical, archival, lexicographic,
bibliographic, data survey, etc.) which were unknown or hardly accessible for scientific
research.

Papers classified as scientific must have at least two positive reviews.

If the journal contains non-scientific contributions as well, the section with scientific
papers should be clearly denoted in the first part of the Journal.

Professional articles:
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— 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.)

Short communications are usually 4-7 pages long, research articles and case studies
10-14 pages, while reviews can be longer. Page number limits are not strict and, with
appropriate reasoning, submitted manuscripts can also be longer or shorter. If extended
versions of previously published conference papers are submitted, Editors will check if
sufficient new material has been added to meet the journal standards and to qualify such
manuscripts for the review process. The added material must not have been previously
published. New results are desired but not necessarily required; however, submissions
should contain expansions of key ideas, examples, elaborations, etc. of conference papers.

Language

The language of the article should be in 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
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are denoted by Arabic numerals at the top. Photographs and drawings, placed
appropriately in the text, should be clear, precise and suitable for reproduction. Drawings
should be created in Word or Corel.

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.

Authorship Statement

The Authorship statement, submitted together with the paper, states authors’
individual contributions to the creation of the paper. In this statement, the authors also
confirm that they followed the guidelines given in the Call for papers and the Publication
ethics and malpractice statement of the 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.
Editorial Team

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, tel.: +381 11 3603 260, +381 66 8700 123
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OBABELWUTEHA CAPAOHNLIMMA U HYATAOLIMMA
COOBLUEHNA ONA ABTOPOB U YATATENEW
INFORMATION FOR CONTRIBUTORS AND READERS

MMWHUCTaApCTBO NPOCBETE, HAayKe N TEXHOSOLLKOr pa3Boja
Peny6nuke Cpbunje objaBuno kateropusaunjy
,BOJHOTEXHMYKOI rnacHuka” 3a 2022. roguHy

MuHUCTapCcTBO MNpocBeTe, Hayke W TExXHOMOWKOr pasBoja Penybnuke
Cpbuje, carnacHo [lpaBunHWKY O KaTeropusaumju 1 paHrmpawy Hay4HuX
yaconuca (,Cnyx6eHn rnacHuk PC”, 6poj 159/20), ytBpamno je gaHa 25. 10.
2022. roguHe kaTteropu3auujy ,BojHoTexHuykor rnacHuka” 3a 2022. roguHy:

Ha INCTM Yaconuca 3a pavyyHapcKe Hayke:

KaTeropuja BpXyHCKM Yaconuc HaumoHanHor 3Havaja (M51),

— Ha JIMCTU Yaconuca 3a eNieKTPOHUKY, TerleKOMyHuKauuje wu
MHcopmaLMoHe TexHonoruje:

KaTeropuja BPXyHCKM Yaconuc HauuoHarnHor 3Hadvaja (M51),

— Ha nucTM Yaconuca 3a MalWuHCTBO:
KaTeropuja BPXyHCKM Yaconuc HaumoHanHor 3Havaja (M51),

— Ha NMCTM Yaconuca 3a Mmartepujane M XeMujcke TexHororuje:
KaTeropmja BpXyHCKM 4aconuc HaumoHanHor 3Ha4vaja (M51).

YcBojeHe nucte gomahux yaconuca 3a 2022. roguMHy Mory ce BUMAETU Ha
cTpaHuuu cajta Kameeopusayuja Y4aconuca
(http://www.vtg.mod.gov.rs/kategorizacija-casopisa.html).

HetarbHuje uMHdopmauuje mory ce npoHahm u Ha cajty MuHuctapcTtBa
NpPOCBETE, HAayke U TexXHosnoLKor pa3soja Penybnvke Cpbuje
(https://mpn.gov.rs/nauka/nauka-i-istrazivanje-u-srbiji/lkategorizacija-naucnih-
casopisa/).

MwuHncTepcTBO 06pas3oBaHUA, HayKn N TEXHONOMMYECKOro
pa3sutusa Pecnybnunkn Cepbus yTBepanno kateropmsaumio
XypHana «BoeHHo-TexHn4ecknin BeCTHUK» 3a 2022 rof

MuHucTepcTBOM 00Opa3oBaHUsi, Haykm W TEXHOSOrMYEecKoro pasBuTUA
Pecnybnuku Cepbus, cornacHo PernameHTy 0 KaTeropmsauny 1 paHXupoBaHum
HayuHbIX XypHanoB («Cnyx6enn rmacHuk PCy», Ne 159/20), ytBepxaeHa 25
okTabpsa 2022 r. kateropmsauus XypHana «BoeHHO-TexHU4ecKkui BECTHUK» 3a
2022 roa:
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O6nacTb KOMNbIOTEPHbIE HayKM:

BeAOYLLNI XypHan rocyaapCcTBeHHOro aHadeHusi (M51),

— O6nacTb 3NMEKTPOHUKU, TeNNEKOMMYHUKaLUN U UH(OPMaLIMOHHbIX
TEXHOJIOTMN:

BEAYLLNI XXypHan rocygapcTBeHHoro 3HadeHus (M51),

— O6nactb MalWMHOCTPOEHMUS:
BeAYLLNI XXypHan rocygapcTBeHHoro 3HayeHus (M51),

— O6nacTtb matepmanoB U XMMUYE€CKOW TEXHONOIUN:
BEAYLLMIA XypHarn rocygapcTBeHHOro aHadeHus (M51).

C uHdopmaumen o kateropusauum 3a 2022 rog MOXHO O3HAKOMUTLCS Ha
CTpaHuue Kamezaopu3sauyusi eecmHuka
(http://www.vtg.mod.gov.rs/kategorizacia-vestnika.html).

Bonee nogpobHO ¢ uWHOPMAUMEN MOXHO O3HAKOMUTLCA Ha canTe
MwuHncTepcTBa 06pa3oBaHunst, HAYKU U TEXHONOrMYEeCKoro passutus Pecnybnukm
Cepbus (https://mpn.gov.rs/nauka/nauka-i-istrazivanje-u-srbiji/kategorizacija-
naucnih-casopisa/).

Ministry of Education, Science and Technological
Development of the Republic of Serbia classified
the Military Technical Courier for the year 2022

Pursuant to the Regulations on categorization and ranking of scientific
journals (Official Gazette of the Republic of Serbia, No 159/20), the Ministry of
Education, Science and Technological Development of the Republic of Serbia
classified the Military Technical Courier for the year 2022, on October 25, 2022

— on thelist of periodicals for computer sciences,

category: reputed national journal (M51),

— onthelist of periodicals for electronics, telecommunications and IT,
category: reputed national journal (M51),

— on thelist of periodicals for mechanical engineering,
category: reputed national journal (M51),

— on the list of periodicals for materials and chemical technology,
category: reputed national journal (M51).

The approved lists of national periodicals for the year 2022 can be viewed
on the web page Journal categorization (http://www.vtg.mod.gov.rs/journal-
categorisation-1.html).

More detailed information can be found on the website of the Ministry of
Education, Science and Technological Development of the Republic of Serbia
(https://mpn.gov.rs/nauka/nauka-i-istrazivanje-u-srbiji’lkategorizacija-naucnih-
casopisa/).
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CIMUCAK PELLEH3EHATA BOJHOTEXHUNYKOI ITTACHUKA

CIMNCOK PELIEH3EHTOB YKYPHAIA «BOEHHO-TEXHUYECK BECTHUK

LIST OF REFEREES OF THE MILITARY TECHNICAL COURIER

CMUCAK PELLIEH3EHATA BOJHOTEXHUYKOI" ITTACHUKA

Ume, cpeare

O6nacTt KomneTeHuuje

CroBO U (Hay4Hor ORCID iD Web of Science ResearcherlD
npesume VHTEepecoBakba)
Mapko L. . https://orcid.org/0000- |https://www.webofscience.com/
AHgpejuh 0002-6753-9786 wos/author/rid/D-4101-2016
Mwnow XK. FIOTMGTYKN MEHaUMEHT https://orcid.org/0000- |https://www.webofscience.com/
Apcuh 0001-7853-0819 wos/author/rid/AEU-0737-2022
3alTUTa XMBOTHE
Cawa T. cpeauHe, npoleHa https://orcid.org/0000- |https://www.webofscience.com/
Bakpau €KOJOLLKMX pu3nka, 0003-0211-3765 wos/author/rid/J-8165-2019
eKoMeHaLIMeHT
ophe b. anrebapcka rororiorvja, https://orcid.org/0000- |https://www.webofscience.com/
Bapanvh reouMeTPua v 0003-2836-7958 | wos/author/rid/ABV-8411-2022
KOMOMHaTopuka
Bojucnas J. onwTe MalunHcKe https://orcid.org/0000- |https://www.webofscience.com/
batuHuh KOHCTpYKLUMje 0001-6786-7846 wos/author/rid/AFL-5896-2022
MOCMOBHM
upar.aHa VH(OPMALMOHM https://orcid.org/0000- | https://www.webofscience.com/
Beuejckn- | cuctemu, nocnosHa 0002-9615-3620 wos/author/rid/J-9257-2019
Byjaknuja  [uHTenureHumja, ERP, IT|
MeHaLMeHT
Oapko U. BULLEKpUTEPUMCKO https://orcid.org/0000- |https://www.webofscience.com/
BoxaHuh OANy-MBALS, 0002-9657-0889 wos/author/rid/X-9329-2018
MeHaLIMeHT y ogbpaxmn
reofeTcko
VHXEHEPCTBO,
reomaTuka, reorpadcku
MNH(OPMaLMOHN
Mwupko A. CACTEMN, [ANTATATTHA https://orcid.org/0000- |https://www.webofscience.com/
Bopvcos MOoAen Tepexa, 0002-7234-6372 wos/author/rid/X-1875-2019
kapTorpaduja,
reogesuja,
MynTTUMeAmnjanHa
kapTorpaduja, Beb
KkapTorpaduja
onepaw,. UCTpaxvBama,
MacoBHO
Yrmbewa C. TOI‘ICJ'Iy)KVIBaH:e., https://orcid.org/0000- |https://www.webofscience.com/
Byrapuh eporexronormja- 0003-2459-2656 wos/author/rid/AFV-3252-2022
oapxaBame,
TPaHCMOpPTHU
W CKNaguLHU cucTeMu
Ba3ayLHu caobpahaj,
cucTemcka KOHTpona;
Cnasuwa I, | @YTOMarcka KonTpona, https://orcid.org/0000- | hitps://www.webofscience.com/
Briauuh Hasurauma sosuna, 0001-9336-0512 wos/author/rid/AAB-2977-2021

MOpHapuyku 6opbeHn 1
HaBUraLMoHn CUCTeMMU;
cumMmynaumja
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Uwme, cpeare

O6nacTt KomneTeHuuje

CroBO U (Hay4Hor ORCID iD Web of Science ResearcherlD
npesume MHTepecoBaH-a)
nprMeH-eHa MexaHuka,
Oparorby6 A. ngjg:acr':;” https://orcid.org/0000- |https://www.webofscience.com/
Byjuh Hip 0001-6999-6828 wos/author/rid/AGT-6754-2022

cucTtemMun ogpxasama
TEeXHUYKUX cucTtema

MHOPMaLMOHN
WsaH B. Bynuh | C1CTEMM, reorpadcku https://orcid.org/0000- |https://www.webofscience.com/
- BY MHOPMaLMOHM 0002-5161-5422 wos/author/rid/AAH-7701-2019
cucTemMu
reorpadwvja,
Tby6omup J MH@%?:i‘Z'?HM https://orcid.org/0000- | https://www.webofscience.com/
['vrosuh CUCTEM, reOnpPOCTOpHa 0002-8388-3624 wos/author/rid/N-1250-2018
aHanusa
Mwpo J. https://orcid.org/0000- | https://www.webofscience.com/
Fosenapuya | "SOVHcPopMaTyka 0003-1698-0800 wos/author/rid/X-1267-2019

lopan [. Oukuh

cucTeMU ayToMaTcKor

ynpasrbarea, npahewe
unrbesa, cuctemn

Boferba 1 ynpaerbaka

https://orcid.org/0000-
0002-0858-1415

https://www.webofscience.com/
wos/author/rid/AEU-0672-2022

pakeTa
eHepreTcka
CHexaHa M. Mamifgr:gHgg;épHa https://orcid.org/0000- | https://www.webofscience.com/
Hparnhesnh eHepr‘mja 0002-6244-0111 wos/author/rid/AFO-1254-2022
TEPMOUHXEHEPUHT
Yepomup B. MOTOpM, MOTOPHa https://orcid.org/0000- |https://www.webofscience.com/
Oy6oka BO3una 0003-2944-2278 wos/author/rid/AEY-9478-2022
rpoLecu n Mmetoge y
caobpahajy u
BobaH [. TpaHCnopTy, https://orcid.org/0000- | https://www.webofscience.com/
hoposuh TPaHCMNOPTHE MpeXe, 0001-8133-2389 wos/author/rid/AFO-3731-2022
opraHusauuja
TpaHcnopTa
Bnapgo M. MpUMerbeHa Mexarika https://orcid.org/0000- |https://www.webofscience.com/
Bypkosuh KpyTor u 0002-5064-4117 wos/author/rid/AFO-9011-2022

aedopmabunHor Tena

OejaH P. NHhuh

TakTka ABX cnyxbe,
OpyXje 3a MacoBHO
YHULITaBake,
TEpopusam opyxjem 3a
MacCOBHO YHVLLITaBake,
HyKMeapHU 1 Xemujcku
yaecu

https://orcid.org/0000-
0001-9111-0472

https://www.webofscience.com/
wos/author/rid/AAI-9298-2020

Oamwup [.

Jepkosuh

Haopyxarse, Hymepuyka
aHanusa, CFD
cvMmynauuja, cnorbHa
6anuctuka, 6anunctuka,
GanucTuka Ha Lurby,
MHTerpauuja
Haopyxama

https://orcid.org/0000-
0001-5182-7057

https://www.webofscience.com/
wos/author/rid/C-8568-2015
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Uwme, cpeare
CrnoBoO U
npesume

O6nacTt KomneTeHuuje
(Hay4Hor
WHTepecoBaHa)

ORCID iD

Web of Science ResearcherID

Bopuwa X.
JosaHoBuh

NHOPMaLOHe
TexHonoruje,
copTBEPCKO

VHXeHepCTBO,
6e36enHocT
padyHapcKux cuctema,
padyHapcke mpexe

https://orcid.org/0000-
0002-9353-724X

https://www.webofscience.com/
wos/author/rid/AAX-2216-2020

Mutap T.
JouaHosuh

Tpubonorvja n Teopuvja
nogmasmBamba,
oApxaBare
TEeXHOJIOWWKNX cnuctema,
Xnopaynuykm cunctemun

https://orcid.org/0000-
0003-1088-5028

https://www.webofscience.com/
wos/author/rid/AAB-4171-2019

Brnagnmup A.
KaTtuh

eHepreTcka
€NEeKTPOHWKA,

enekTpuYHe MalluvHe,

€51eKTPOMOTOPHM

MOrOHM, KBanuTeT
eneKkTpu4He eHepruje,

0BHOBIBMBM M3BOPU

ernekTpuyHe eHepruje

https://orcid.org/0000-
0002-0138-8807

https://www.webofscience.com/
wos/author/rid/AAT-1114-2021

MexaHwuka dnyunaa,
HyMepuyKka AvHamuKa

https://orcid.org/0000-

https://www.webofscience.com/

Mupro C. Koawh priynaa, 0002-7287-0780 | wos/author/rid/AFO-9017-2022
aepoguHamuyka
ontepehena
MH(OPMaLOoHe
KomneH I'. TexHonoruje, https://orcid.org/0000- |https://www.webofscience.com/
Ilanoswh nporpaMmupatse, 0002-4590-2185 wos/author/rid/AFN-4549-2022
3alWTnTa nogartaka
Mapwija 3. €neKTPOTEXHUKA, https://orcid.org/0000- |https://www.webofscience.com/
ManHap TenekoMyHukauuje 0003-1416-8253 wos/author/rid/AAG-6470-2019
TexHornornja MaluMHcke
obpage,
poboTuka, BelTayka
MHTEnureHuwja,
3opaH b. ay&gf;ﬂ;ﬁ;”g:g‘; v https://orcid.org/0000- |https://www.webofscience.com/
MwurbkoBuh Y ’ 0001-9706-6134 wos/author/rid/J-1423-2014

BELUTauYKe HEYPOHCKe
Mpesxe, UHTENUTEHTHU
TEXHOOLLKN CUCTEMM U
npotecu, meToze
oanyyvBama
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Uwme, cpeare
CrnoBoO U
npesume

O6nacTt KomneTeHuuje
(Hay4Hor
WHTepecoBaHa)

ORCID iD

Web of Science ResearcherID

Hapwuua C.
MwurbkoBuh

6uomeanumHcKa
obpafa curHana, e-
3ApaBrbe,
eneKTPOTEXHUKA,
BroMeaNLIMHCKN
VNHXEHEPUHT,
enekTpodusmonoruja

https://orcid.org/0000-
0002-3933-6076

https://www.webofscience.com/
wos/author/rid/L-5211-2015

CphaH T.
MuTposuh

MOBWNHM poboTu,
ynpaBrbake y peanHom
BpeMeHy, a3 noruka,

asu ynpaerbame,
MWKPOMPOLIECOPCKM
cucTeMU, ynpasrbame
cuctemuma
(ayTomatuka),
anropuTMu HaBurauuje

Bo3wuna, bpoackm

6opbeHn n
HaBWUrauuoHn cucTemm

https://orcid.org/0000-
0002-1287-2792

https://www.webofscience.com/
wos/author/record/F-9171-2014

Oejan M.
MwuukoBuh

KOHCTPYKLMja Kracu4Hor
Haopy>xata,
ayTomarcka opyxja,
YHyTpaLHa 6anuctmka

Oparax 0.
MnageHoBuh

MHOPMaLMoHa
6e3benHocT, cajbep
6e36enHocT, cajoep

cykobu, cajoep

paToBame,

MHOopMaLoHe

TexHonoruje,
mefyHapofHo npaso,
HOBe TexHonorvje

https://orcid.org/0000-
0003-4530-633X

https://www.webofscience.com/
wos/author/rid/T-6659-2018

BobaH 3.
MaBsnosuh

TenekoMyHukauuoHe
Mpexe, KBanuteTt
cepBuca,
TenekoOMyHMKaLUNoHU
caobpahaj

https://orcid.org/0000-
0002-5476-7894

https://www.webofscience.com/
wos/author/rid/P-1904-2016

CpeTteH P.
Mepuh

MaLLUNHCTBO

https://orcid.org/0000-
0002-7270-5187

https://www.webofscience.com/
wos/author/rid/AFL-0330-2022

Mwupocnas B.
Monoswuh

padyHapcka TexHuka

https://orcid.org/0000-
0002-1118-6491

https://www.webofscience.com/
wos/author/rid/AFO-8986-2022

Jyrocnas P.
Pagynosuh

MyHMUMja, MEHALIMEHT,
KBanuTeT

https://orcid.org/0000-
0002-4003-7209

https://www.webofscience.com/
wos/author/rid/AFK-7670-2022

Haem Canem

MaTtemMaTuka

https://orcid.org/0000-
0002-1485-6163

https://www.webofscience.com/
wos/author/rid/E-3280-2015
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Uwme, cpeare
CrnoBoO U
npesume

O6nacTt KomneTeHuuje
(Hay4Hor
WHTepecoBaHa)

ORCID iD

Web of Science ResearcherID

Bnapa C.
Cokonosuh

ofpKaBare, TEXHNYKA
noapLLKa, MHTErpucaHmn
HaBUraumjckn cuctemu,
GPS, GNSS,
caTennTCKn cnuctemu,
norncTuka

https://orcid.org/0000-
0003-0782-0506

https://www.webofscience.com/
wos/author/rid/B-9463-2013

Jbybuuwa K.
Tanuumh

yHyTpalka 6anmcTuka,
Haopyxare

https://orcid.org/0000-
0003-1242-9333

https://www.webofscience.com/
wos/author/rid/AFD-8276-2022

MBaH A. ToTt

0ase noparaka,
MNHMOPMaLMOHN
cucTemu, 3awTmta
MHpOPMaLMOHNX
cuctema

https://orcid.org/0000-
0002-5862-9042

https://www.webofscience.com/
wos/author/rid/AAS-7352-2021

O6pan T.
Yabapkana

WHAYCTpUjCKa CBOjUHA,
3awTtuTta
VHTenekTyanHe n
WHOYCTPUjCKe CBOjUHE,
naTeHTHa 3awTunTa,
ynpasrbare
npojekTnma,
MaLLWHCTBO,
Haopyxake, NpojexkT
MeHahpKkMeHT

https://orcid.org/0000-
0002-3949-8227

https://www.webofscience.com/
wos/author/rid/AFO-9000-2022

Hapa M.
YurakoBuh

dpur3nka

https://orcid.org/0000-
0003-2813-2323

https://www.webofscience.com/
wos/author/rid/AES-2868-2022

Tomucnas b.
LLlekapa

ynpaBsrbare
npouecuma; onTUMarnHm
VNHAYCTPUjCKN
perynartopu;
paKkUMOHN 3aKOHM
yrnpaBrbama;
AvcKkpeTu3aumja u
obpapa curHana;
CEeH30pu 1 aKTyaTopu

https://orcid.org/0000-
0001-8031-3135

https://www.webofscience.com/
wos/author/rid/J-8144-2019

[opaH .
LWnmuh

MHPOPMAaLMOHN
cuctemum,
payyHapcTBO,
nporpamupane, 6ase
noparaka, BeluTaqka
MHTEenureHumja

https://orcid.org/0000-
0002-7563-699X

https://www.webofscience.com/
wos/author/rid/AFB-1501-2022
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CMNUCOK PELIEH3EHTOB XXYPHAIIA
«BOEHHO-TEXHUYECKWN BECTHUK»

O6nacTn Hay4HoM

(o7 [e] ORCID iD Web of Science ResearcherID
[eATeNbHOCTH
Mapko . HorMeTHKa https://orcid.org/0000- | https://www.webofscience.com/
AHgpeny 0002-6753-9786 wos/author/rid/D-4101-2016
Mwunow XK. . https://orcid.org/0000- | https://www.webofscience.com/
Apcuy | YMPABIIEHNE NOTUCTMKOM 0001-7853-0819 wos/author/rid/AEU-0737-2022
oxpaHa okpyxaroLien
Cawa T. SKoncfriﬂzéme)"(e:EiKOB https://orcid.org/0000- | https://www.webofscience.com/
Bakpau PN 0003-0211-3765 wos/author/rid/J-8165-2019
3KOMOTNYECKUIA
MeHeXKMEeHT
Dxopmxe B. anrebpaneckas https://orcid.org/0000- | https://www.webofscience.com/
Bapanuuy | Tonorions, reoMerpus u 0003-2836-7958 wos/author/rid/ABV-8411-2022
KOMBuMHaTopuka
Bowcnas M. MaLLIIAHO?)?S-(")VlI/I?’eJ'IbeIe https://orcid.org/0000- | https://www.webofscience.com/
BatuHuy 0001-6786-7846 wos/author/rid/AFL-5896-2022
KOHCTPYKLUK
6usHec-
Eizzrﬁacﬁ_ Vé:i)T()e%M:ugS:::f https://orcid.org/0000- | https://www.webofscience.com/
B ! 0002-9615-3620 wos/author/rid/J-9257-2019
yAKNUa aHanuTuka, ERP,
ynpasnenvne UT
NpUHATHE
Hapko W. MHOroKpuTEpUanbHbIX https://orcid.org/0000- | https://www.webofscience.com/
BoxaHny peLUeHWiA, ynpaBrneHue B 0002-9657-0889 wos/author/rid/X-9329-2018
obnacTtv 060poHbI
reofesuyeckasi
VHXEHepUsi, reomMaTuka,
reoMHOPMaLMOHHbIE
Mwupko A. C,:'gTeMb" UMgpoBLIe https://orcid.org/0000- | https://www.webofscience.com/
Bopucos HENN MECTHOCTH, 0002-7234-6372 wos/author/rid/X-1875-2019
KkapTorpacus, reogesus,
MynbTUMeannHas
KapTorpadws, Be6-
KapTorpagusi
uccnenoBaHve
onepauui, Teopus
MaccoBoro
Yrnewa C. obcnyxmBaHus, https://orcid.org/0000- | https://www.webofscience.com/
Byrapuy TepoTEeXHONOornsi 0003-2459-2656 wos/author/rid/AFV-3252-2022
obcnyxmBaHus,
TpaHCMOPTHO-CKNazAckme
CUCTEMBI
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O6nacTn Hay4HoM
AeATenbLHOCTH

ORCID iD

Web of Science ResearcherlD

Cnasuwa W.
Bnauuny

BO3A4YLUHOE [ABMXKEHUE,
ynpaBneHne cucTemon;
aBTOMaTn4eckoe
ynpaBsrneHue;
aBTOMOOWNbHas
HaBuUrauusi; Mopckue
6oeBble 1
HaBWraLMoHHblEe
CUCTEMBI;
MoZenupoeaHue

https://orcid.org/0000-
0001-9336-0512

https://www.webofscience.com/
wos/author/rid/AAB-2977-2021

Oparonto6 A.
Bywnu

npvknagHas MexaHuka,

ANarHocTuKa, CroXHble

CUCTEMbI TEXHUYECKOTO
obcnyxumBaHus

https://orcid.org/0000-
0001-6999-6828

https://www.webofscience.com/
wos/author/rid/AGT-6754-2022

MBaH b. Bynuy

MHAOPMaLMOHHbIE
CUCTEMBI,
reorpaguyeckme
MHAOPMaLMOHHbIE
cucTeMbl

https://orcid.org/0000-
0002-5161-5422

https://www.webofscience.com/
wos/author/rid/AAH-7701-2019

TNoBommp W.
vrosuny

reorpacdwus,
reorpacunyeckas
MHOPMaLMOHHas
cuctema,
reonpoCTPaHCTBEHHbIN
aHanus

https://orcid.org/0000-
0002-8388-3624

https://www.webofscience.com/
wos/author/rid/N-1250-2018

Mwupo W.
loBegapuua

reovHopmaTka

https://orcid.org/0000-
0003-1698-0800

https://www.webofscience.com/
wos/author/rid/X-1267-2019

Bo6aH [.
[xoposuy

TpaHCMOpTHbIE MPOLLECCHI
1 MeToabl,
TPaHCMOPTHbIE CETH,
OpraHusaumsi TpaHcnopTa

https://orcid.org/0000-
0001-8133-2389

https://www.webofscience.com/
wos/author/rid/AFO-3731-2022

Bnapgo IM.
[hxypkoBuY

npuknagHas MexaHuka
TBEPAbIX 1
Aedopmrpyembix Ten

https://orcid.org/0000-
0002-5064-4117

https://www.webofscience.com/
wos/author/rid/AFO-9011-2022

lopaH .
Ouvkny

CUCTEMBI
aBTOMaTUYECKOTO
ynpaeneHus,
NpuULenMBaHusi, CUCTEMbI
HaBefeHus 1
TerneynpasneHus paket

https://orcid.org/0000-
0002-0858-1415

https://www.webofscience.com/
wos/author/rid/AEU-0672-2022

CHexaHa M.
HparnueBny

3HeproadpeKTMBHOCTb,
MaLLMHOCTPOEHME,
COrHeYHas aHeprus,
TennoTexHuka
TEepMOUHXeHepus

https://orcid.org/0000-
0002-6244-0111

https://www.webofscience.com/
wos/author/rid/AFO-1254-2022
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O6nacTn Hay4HoM
AeATenbLHOCTH

ORCID iD

Web of Science ResearcherlD

Yepomup B.
[y6oka

nBuratenu, asTomobunum

https://orcid.org/0000-
0003-2944-2278

https://www.webofscience.com/
wos/author/rid/AEY-9478-2022

Oamup 0.

EpkoBuy

BOOPY>XEHUE, YNCIEHHBIN
aHanua, CFD
BblYMCIMUTENbHAs
MapoAMHamuKa,
BHELLHAS GannucTurka,
Gannuctuka,
TepMuHarnbHas
6annuncTuka,
MHTerpvpoBaHue
BOOPYXEHUsI

https://orcid.org/0000-
0001-5182-7057

https://www.webofscience.com/
wos/author/rid/C-8568-2015

OesH P.
NHoKmnY

TakTuKa sgepHo-
XUMUYECKON
Gronornyeckon 3awmTbl,
OpYX1e MaccoBOro
YHUUTOXEHMS,
TEpPPOpPM3M C OpyXnem

https://orcid.org/0000-
0001-9111-0472

https://www.webofscience.com/
wos/author/rid/C-8568-2015

Bopwuwa XK.
VosaHoBMY

NHOPMaLMOHHbIE
TexHomnoruu,
nporpaMMHasi
NHXeHepus,
6e3onacHocTb
KOMMbIOTEPHBIX CUCTEM,
KOMMbIOTEPHbIE CETU

https://orcid.org/0000-
0002-9353-724X

https://www.webofscience.com/
wos/author/rid/AAX-2216-2020

Mwurap T.
NouaHoBu4

Tpubonorus n Teopusi
CMasKku, TEXHUYecKoe
obcnyxmBaHve
TEXHONOMMYECKMX
CcUCTEM, M’MAPaBINYECKUX
cuctem

https://orcid.org/0000-
0003-1088-5028

https://www.webofscience.com/
wos/author/rid/AAB-4171-2019

Bragumup A.
KaTtuy

CUNOBasi 3MEeKTPOHMKa,
3MeKTPMYECcKMe MallmHbl,
anekTpuyeckne NpUBObI,

Ka4yecTBo
3MEeKTPO3HEPrUY,
BO306GHOBMSiEMbIE
MCTOYHMKM 3HEPrumn

https://orcid.org/0000-
0002-0138-8807

https://www.webofscience.com/
wos/author/rid/AAT-1114-2021

Mwupko C.
Kosuny

MexaHuKa XNOKoCTeMn,
BblYMCNMTENbHAs
OVHaMUKa XUOKOCTEN,
aspognHamuyeckme
Harpysku

https://orcid.org/0000-
0002-7287-0780

https://www.webofscience.com/
wos/author/rid/AFO-9017-2022

KomneH T
Nanoswny

MHAOPMaLMOHHbIE
TexHomnorum,
nporpaMmMunpoBaHue,
3awmTa AaHHbIX

https://orcid.org/0000-
0002-4590-2185

https://www.webofscience.com/
wos/author/rid/AFN-4549-2022

Mapus 3.
ManHnap

ANIEKTPOTEeXHUKa,
TEeNeKOMMYHUKauum

https://orcid.org/0000-
0003-1416-8253

https://www.webofscience.com/
wos/author/rid/AAG-6470-2019
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O6nacTn Hay4HoM
AeATenbLHOCTH

ORCID iD

Web of Science ResearcherlD

3opaH [x.
MwunbkoBmY

TexHonorus
npon3BoacTBa, NpoLeccsl
06paboTky,
poboTOoTEXHWMKA,
NCKYCCTBEHHbIV
VHTENMNEKT, aBTOHOMHbIE
CMCTEMbI U MaLUMHHOE
obyyeHue,
NCKYCCTBEHHblE
HENPOHHbIE CETH,
VHTENMEeKTyanbHble
NPOU3BOACTBEHHbIE
CUCTEMbI U MPOLECCHI,
NPUHATME pELLEHNI

https://orcid.org/0000-
0001-9706-6134

https://www.webofscience.com/
wos/author/rid/J-1423-2014

Hapwuua C.
Mwunkosuy

obpaboTka
BMoMeaNLMHCKMX
CWrHaroB, 3rEeKTPOHHOe
30paBoOOXpaHeHue,
3NEeKTPOTEXHUKA,
buomeamumnHckas
NHXeHepus,
anekTpogm3anonorvs

https://orcid.org/0000-
0002-3933-6076

https://www.webofscience.com/
wos/author/rid/L-5211-2015

CpoxaH T.
MuTpoBuy

MOBUNbHbIE POBOTHI,
ynpaBneHve B peanbHOM
BpEMeHU, HeyeTkas
Noruka, HeyeTkoe
ynpasreHue,
MMKPOMPOLIECCOPHbIE
CUCTEMBI, yNpaBneHue
cucteMamyn aBToMaTuKu,
anropuTMbl HaBurauum
TpaHcnopTa,
HaBUraLMOHHbIE CUCTEMbI
ans cynos u 6oesoro
TpaHcnopTta

https://orcid.org/0000-
0002-1287-2792

https://www.webofscience.com/
wos/author/record/F-9171-2014

OesH M.
MwuukoBuY

KOHCTpPYKLUMS
KIaccu4eckoro
KOHBEHLIMOHAMBHOTO
BOOPYXXEHUs,
aBTOMaTUYECKOE OpYXWE,
BHYTPEHHSIA 6annucTuka

Oparan, O.
MnapeHoBWu

UHpopMaLMOoHHas
6e3onacHoCTb,
KndepbesonacHoCTb,
KMBep-KOHGNUKT,
Knbep-BomnHa,
MHAOPMaLMOHHbIE
TexHomnorunm,
MeXayHapogHoe npaso

https://orcid.org/0000-
0003-4530-633X

https://www.webofscience.com/
wos/author/rid/T-6659-2018

BobaH 3.
Masnosuy

TENEeKOMMYHUKaLMOHHbIe
CeTW, KaYecTBO
obcnyxmBaHus,

TENEeKOMMYHUKALMOHHbIV

Tpadmk

https://orcid.org/0000-
0002-5476-7894

https://www.webofscience.com/
wos/author/rid/P-1904-2016
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O6nacTn Hay4HoM

(017 [e] ORCID iD Web of Science ResearcherID
OeATeNnbHOCTH
CpeteH P. MALLIMHOCTPOSHME https://orcid.org/0000- | https://www.webofscience.com/
Mepuy 0002-7270-5187 wos/author/rid/AFL-0330-2022
Mwpocnas B. KOMMbloTepHas https://orcid.org/0000- | https://www.webofscience.com/
Monosuy MHXeHepus 0002-1118-6491 wos/author/rid/AFO-8986-2022
tOrocnas P. 6oenpunacel, https://orcid.org/0000- | https://www.webofscience.com/
PagynoBuy | MEHEXKMEHT, KA4eCTBO 0002-4003-7209 wos/author/rid/AFK-7670-2022
Haem Canem MaTeMaTiKa https://orcid.org/0000- | https://www.webofscience.com/
0002-1485-6163 wos/author/rid/E-3280-2015
TeXHU4eckoe
obcnyxuBaHue,
TEeXHUYeckasi noaaepxKa,
Bnapa C. MHTErpMpoBaHHble https://orcid.org/0000- | https://www.webofscience.com/
Cokonosuy HaBUraLWoHHble 0003-0782-0506 wos/author/rid/B-9463-2013
cuctembl, GPS, GNSS,
CMYTHUKOBbLIE CUCTEMBI,
norucTuka
Jobuwa K.  [BHyTpeHHsst 6annucTtuka, https://orcid.org/0000- | https://www.webofscience.com/
TaH4yny BOOPYXEHUe 0003-1242-9333 wos/author/rid/AFD-8276-2022
6asbl AaHHbIX,
Usan A. Tot Vé;f_?eph;":u;:i:?_f https://orcid.org/0000- | https://www.webofscience.com/
’ ’ 0002-5862-9042 wos/author/rid/AAS-7352-2021
MHAOPMAaLMOHHbIX
cucTemM
NPOMBILLIIEHHAs
cobCTBEHHOCTb, 3awwuTa
VNHTENMEeKTyanbHoOM n
NPOMBbILLNIEHHOM
Obpag T. COOCTBEHHOCTH, https://orcid.org/0000- | https://www.webofscience.com/
Yabapkana naTeHTHas 3awuTa, 0002-3949-8227 wos/author/rid/AFO-9000-2022
ynpaBneHne npoekTamu,
MaLUVHOCTPOEHUE,
BOOpPYXEHUE,
ynpaBneHve NpoekTamu
Hapa M. buamka https://orcid.org/0000- | https://www.webofscience.com/
YuntakoBuy 0003-2813-2323 wos/author/rid/AES-2868-2022
ynpasneHue
npoueccamu,
onTuUMarnbHble
NPOMBILLUIIEHHbIE
perynstopsi,
Tomucnas b. o6n2%|g)ﬁ<gmzalr4:;nga https://orcid.org/0000- | https://www.webofscience.com/
LLlekapa P ’ 0001-8031-3135 wos/author/rid/J-8144-2019
CeHcopbl
1 aKTyaTopbl,
KOMreHcauus
3NEeKTPO3HEPrn B
3NEKTPO3HEPreTUYECKMX
cuctemax
MHOPMaLMOHHbIE
cUCTEeMbI, MHGhOpMaTKKa,
[opaH IM. nporpaMmMmpoBaHue, https://orcid.org/0000- | https://www.webofscience.com/
WMy 6a3bl AaHHbIX, 0002-7563-699X wos/author/rid/AFB-1501-2022
MNCKYCCTBEHHbIN
VHTENMNeKT
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Name, middle

Scientific research

initial and ORCID iD Web of Science ResearcherID
competence area
surname
Marko D. logistics https://orcid.org/0000- | https://www.webofscience.com/
Andreji¢ 0002-6753-9786 wos/author/rid/D-4101-2016
Milos 2. Arsié logistics management https://orcid.org/0000- | https://www.webofscience.com/

0001-7853-0819

wos/author/rid/AEU-0737-2022

Sasa T. Bakrac|

environmental protection,
environmental risk
assessment, eco-
management

https://orcid.org/0000-
0003-0211-3765

https://www.webofscience.com/
wos/author/rid/J-8165-2019

algebraic topology,

Porde B. cometry and https://orcid.org/0000- | https://www.webofscience.com/
Barali¢ 9 etry a 0003-2836-7958 wos/author/rid/ABV-8411-2022
combinatorics
Vojislav J. general mechanical https://orcid.org/0000- | https://www.webofscience.com/
Batini¢ engineering constructions 0001-6786-7846 wos/author/rid/AFL-5896-2022
Dragana business inforr_nation _ _
Bedejski- . sys_tems, business https://orcid.org/0000- https://www.wgbofsuence.com/
Vujaklija intelligence, ERP, IT 0002-9615-3620 wos/author/rid/J-9257-2019
management
geodetic engineering,
geomatics, geographic
Mirko A. |nf0rm$:?:ins3r/:é%r2|ss, digital https://orcid.org/0000- | https://www.webofscience.com/
Borisov ’ 0002-7234-6372 wos/author/rid/X-1875-2019
cartography, geodesy,
multimedia cartography,
web mapping
Darko I. mult cmgﬂﬁl;eusmn https://orcid.org/0000- | https://www.webofscience.com/
Bozani¢ management in defense 0002-9657-0889 wos/author/rid/X-9329-2018
operational research, mass
Ugljesa S. service, te rtotechnology B https://orcid.org/0000- | https://www.webofscience.com/
Bugarié maintenance, 0003-2459-2656 wos/author/rid/AFV-3252-2022
transportation and storage
systems
industrial property,
protection of intellectual
Obrad T. art1d |tndusttr|et1_l property, t https://orcid.org/0000- | https://www.webofscience.com/
Cabarkapa | P& protection, projsc 0002-3949-8227 | wos/author/rid/AFO-9000-2022
management, mechanical
engineering, armaments,
project management
Nada M. hvsics https://orcid.org/0000- | https://www.webofscience.com/
Citakovi¢ phy 0003-2813-2323 wos/author/rid/AES-2868-2022
automatic control systems,
Goran D. Dikié target tracking, missile https://orcid.org/0000- | https://www.webofscience.com/
: guidance and control 0002-0858-1415 wos/author/rid/AEU-0672-2022
systems
energy efficiency,
Snezana M. | mechanical engineering, https://orcid.org/0000- | https://www.webofscience.com/
Dragic¢evi¢ solar energy, thermal 0002-6244-0111 wos/author/rid/AFO-1254-2022

engineering
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initial and ORCID iD Web of Science ResearcherID

competence area

surname

Cedomir V. engines. motor vehicles https://orcid.org/0000- | https://www.webofscience.com/
Duboka 9 ' 0003-2944-2278 wos/author/rid/AEY-9478-2022

processes and methods in

Boban D. traffic and transportation, https://orcid.org/0000- | https://www.webofscience.com/
Borovi¢ transportation networks, 0001-8133-2389 wos/author/rid/AFO-3731-2022

transport organization
Vlado P. applied mechanics of rigid https://orcid.org/0000- | https://www.webofscience.com/
Burkovié and deformable bodies 0002-5064-4117 wos/author/rid/AFO-9011-2022
. . hy, hi . .

Ljubomir J. g?g%rﬁagogigggﬁq ¢ https://orcid.org/0000- | https://www.webofscience.com/
Gigovi¢ geospatial analysis 0002-8388-3624 wos/author/rid/N-1250-2018
Miro J. : . https://orcid.org/0000- | https://www.webofscience.com/

Govedarica geoinformatics 0003-1698-0800 wos/author/rid/X-1267-2019

Dejan R. Indi¢

tactic of Nuclear Chemical
Biological Defense,
weapons of mass
destruction, terrorism with
weapons of mass
destruction, nuclear and
chemical incidents

https://orcid.org/0000-
0001-9111-0472

https://www.webofscience.com/
wos/author/rid/AAI-9298-2020

weapons, humerical
analysis, CFD simulation,

Damir D. external ballistics. ballistics https://orcid.org/0000- | https://www.webofscience.com/
Jerkovi¢ ) S ' 0001-5182-7057 wos/author/rid/C-8568-2015
terminal ballistics, weapons|
integration
tribology and theory of
Mitar . |lubrication, maintenance of| (“https://orcid.org/0000- | https://www.webofscience.com/
Jocanovi¢ technological systems, 0003-1088-5028 wos/author/rid/AAB-4171-2019
hydraulic systems
. IT, software engineering, . .

Borisa Z. computev:systerr?; seclur?ty https://orcid.org/0000- | https://www.webofscience.com/
Jovanovi¢ computer networks 0002-9353-724X wos/author/rid/AAX-2216-2020

power electronics, electric

- machines, electric power . .
Viadimir A. ’ - https://orcid.org/0000- | https://www.webofscience.com/
Katic systems and stations, 0002-0138-8807 | wos/author/Hd/AAT-1114-2021
electric power quality,
renewable energy sources
mechanics of fluids,
Mirko S. Kozié computational fluid https://orcid.org/0000- | https://www.webofscience.com/
’ dynamics, aerodynamic 0002-7287-0780 wos/author/rid/AFO-9017-2022
load
Komlen G. |nfo:(r)ne;g?nnmtﬁ1chn£all(t)§y, https://orcid.org/0000- | https://www.webofscience.com/
Lalovi¢ prog 9, 0002-4590-2185 | wos/author/rid/AFN-4549-2022
protection

Marija Z. electrical engineering - https://orcid.org/0000- | https://iwww.webofscience.com/
Malnar telecommunications 0003-1416-8253 wos/author/rid/AAG-6470-2019
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ORCID iD

Web of Science ResearcherlD

Dejan M.
Mickovi¢

construction of classic
weapons, automatic
weapons, internal ballistics

Nadica S.
Miljkovi¢

biomedical signal
processing, e-health,
electrical engineering,
biomedical engineering,
electrophysiology

https://orcid.org/0000-
0002-3933-6076

https://www.webofscience.com/
wos/author/rid/L-5211-2015

Zoran D.
Miljkovi¢

manufacturing technology,
machining processes,
robotics, artificial
intelligence, autonomous
systems and machine
learning, artificial neural
networks, intelligent
manufacturing systems and
processes, decision-
making methods

https://orcid.org/0000-
0001-9706-6134

https://www.webofscience.com/
wos/author/rid/J-1423-2014

Srdan T.
Mitrovi¢

mobile robots, real time
control, fuzzy logic, fuzzy
control, microprocessing
systems, system control
(automation), vehicle
navigation algorithms,
naval combat and
navigation systems

https://orcid.org/0000-
0002-1287-2792

https://www.webofscience.com/
wos/author/record/F-9171-2014

Dragan D.
Mladenovi¢

information security,
cyber security,
cyber conflict,
cyber warfare,
information technology,
international law,
emerging technologies

https://orcid.org/0000-
0003-4530-633X

https://www.webofscience.com/
wos/author/rid/T-6659-2018

Boban Z.
Pavlovi¢

telecommunication
networks, quality of
service, telecommunication
traffic

https://orcid.org/0000-
0002-5476-7894

https://www.webofscience.com/
wos/author/rid/P-1904-2016

Sreten R. Peri¢

mechanical engineering

https://orcid.org/0000-
0002-7270-5187

https://www.webofscience.com/
wos/author/rid/AFL-0330-2022

Miroslav V. : : https://orcid.org/0000- | https://www.webofscience.com/
Popovié computer engineering 0002-1118-6491 | wos/author/rid/AFO-8986-2022
Jugoslav R. [ammunition, management, | ‘. https://orcid.org/0000- | https://www.webofscience.com/
Radulovi¢ quality 0002-4003-7209 wos/author/rid/AFK-7670-2022
Naeem Saleem mathematics https://orcid.org/0000- | https://www.webofscience.com/

0002-1485-6163

wos/author/rid/E-3280-2015

Vlada S.
Sokolovi¢

maintenance, technical
support, integrated
navigation systems, GPS,
GNSS, satellite systems,
logistics

https://orcid.org/0000-
0003-0782-0506

https://www.webofscience.com/
wos/author/rid/B-9463-2013

199

SPISAK RECENZENATA / CITMCOK PELUEH3EHTOB / LIST OF REFEREES, pp.187-200


http://orcid/
http://orcid/
https://orcid.org/0000-0003-4530-633X
https://orcid.org/0000-0003-4530-633X
http://orcid/

£* VOINOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2023, Vol. 71, Issue 1

Name, middle
initial and
surname

Scientific research
competence area

ORCID iD

Web of Science ResearcherlD

To[nislav B.
Sekara

control of processes with
concentrated and
distributed parameters,
industrial regulators with
optimum performance,
fraction laws of control in
industrial application,
process characterisation,
adequate signal
discretisation and
processing, sensors and
actuators, electric energy
compensation and saving
in electric energy
distribution systems

https://orcid.org/0000-
0001-8031-3135

https://www.webofscience.com/
wos/author/rid/J-8144-2019

Goran P. 8imi¢

Inform. systems, computer
science, programming,
databases, artificial
intelligence

https://orcid.org/0000-
0002-7563-699X

https://www.webofscience.com/
wos/author/rid/AFB-1501-2022

Ljubisa K.
Tanci¢

internal ballistics, armaments

https://orcid.org/0000-
0003-1242-9333

https://www.webofscience.com/
wos/author/rid/AFD-8276-2022

Ivan A. Tot

databases, inform.systems,
information system security

https://orcid.org/0000-
0002-5862-9042

https://www.webofscience.com/
wos/author/rid/AAS-7352-2021

SlaviSa |. Vlaci¢|

air traffic, system control,
automatic control, vehicle
navigation, naval combat
and navigation systems,
simulation

https://orcid.org/0000-
0001-9336-0512

https://www.webofscience.com/
wos/author/rid/AAB-2977-2021

applied mechanics,

Dragoljub A. | diagnostics, sofisticated https://orcid.org/0000- | https://www.webofscience.com/
Vuji¢ systems for technical 0001-6999-6828 wos/author/rid/AGT-6754-2022
system maintenance
- information systems, https://orcid.org/0000- | https://www.webofscience.com/
Ivan B. Vuli¢ | geographic information

systems

0002-5161-5422

wos/author/rid/AAH-7701-2019
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N3JABA O ETUYKOM MOCTYTMNAHY
STUHECKWN KOOEKC
PUBLICATION ETHICS STATEMENT

N3JABA BOJHOTEXHUYKOI T'TTACHUKA O ETUYMKOM NMOCTYNAHKY

HAMNMOMEHA: YpehuBayka nonutuka BojHOmexHuykoe enacHuka 3acHuBa ce Ha
npenopykama Op6opa 3a etnyHocT y nsgasawTey (COPE Core Practices) n 3ajegHnyukmim
npUHUMNMMa TpaHCMapeHTHOCTH U Hajborbe npakce y n3gasawTsy COPE, DOAJ, OASPA
n WAME, ka0 n Ha Hajborbum npuxBaheHnm npakcama y Hay4yHOM W3OaBallUTBy.
BojHomexHu4ku enacHuk je unaH COPE (Committee on Publication Ethics) og 2. maja
2018. rognHe n unaH OASPA (Open Access Scholarly Publishers Association) og og 27.
HoBembpa 2015. rogvHe. YpeoHuwTBO npumersyje KOHTponHy nucty 3a wusgaBade
oTBOpeHor npuctyna o crnposohewy [Mpenopyke YHECKO-a o oTtBopeHoj Hayuu. OBaj
OOKYMEHT je 1e0 YHeCKOBOr KOMMNIeTa anara 3a 0TBOPEHY HayKy, OCMULLIbEHOT ia MOAPXKN
umnnemeHTauujy lNpenopyke YHecka o 0TBOPeHOj Hayuu. [MponsBeaeH je y napTHepCTBY ca
OASPA.

OcHoBHa [enaTHOCT HayyHor Jaconuca BojHOmexHUYKU enacHuk je objaBrbuBame
ynaHaka HakKOH CTpy4YHe peueHaunje. Y npouecy ypehuBawa, KoM MMa 3a Uub
oGjaBreuBame Hay4yHMX YraHaka, HeonxoaHo je noctuhm carmacHOCT O €TUYKUM Havenuma
y MOCTynuMMa CBUX yYecHvKa (pedakuuije, Tj. ypeaHuka, udnaHosa Ypehusadkor ogbopa u
peLieH3eHaTa yaconuca, kao u camux aytopa). lomeHyTa Hayena v nocTynuu gedHUCaHN
Cy 0BOM M3jaBoM BojHOmMexHU4YKo2 2nacHUKa 0 €TMYKOM NoCTynamwy.

Mepe, pagte, ogroBopHocTu 1 obaBese Pepakumje BojHomexHu4ko2 anacHuUKa

YpegHuwtBo BojHOMEXHUYKO2 2nacHuka He TpaXu of ayTopa, HUTW of Tpehux
cTpaHa, nnahawe HakHage 3a annuuupane unaHka 3a objaBrbvBame. YuTaB mocrtynak
ypehuBawa 1 objaBrbuBara unaHka 3a aytope je noTnyHo GecnnaTtaH, Kako ycnyre
npujaereBaka pykonuca v wnxose obpapge, Tako u ycnyre nybnvkoBara ynaHaka. He
nocToje 1o Kakeu CKPUBEHU TPOLLIKOBM.

YpeaHuwTBo BojHOMexHUYKoe2 ariacHuKa JOHOCU KOHayYHy oanyky o Tome Koju he ce
pykonucy objaButn. Ognyke ce AOHOCE WCKIbYYMBO Ha OCHOBY BpedHOCTW pykonuca.
Mopajy 6utn ocnoboheHe pacHWX, NOMHUX/POAHNX, BEPCKMX, €THUYKMX MW MONUTUYKNX
npeapacyga. Npunukom AoHowena oanyke O objaBrbvBamy YPEAHULITBO Ce PYKOBOAM
ypehmBaykom nonutukom, BoAehu padyHa O 3aKOHCKMM MponMcMma Koju ce ogHoce Ha
KrneBeTy, KpLUeHa ayTOPCKMX Npaea v nnarnpamse.

Pykonucu ce 4yBajy kao noseprbmB mMatepujan. WHdbopmauuje n ngeje cagpxaHe y
pyKonucrMa He CMejy ce KOPUCTUTY Yy NndHe cBpxe 6e3 nspnunTe nucaHe 403Bore aytopa.

Y cBom pagy, npema npenopyum LleHTpa 3a eBanyauujy y obpasoBarby U Hayum
(LEOH), Pepakumja kopucTu enekTpoHcku cuctem ypehuBawa daconuca CLWHaekc
(Cpnckn umtaTHu uHaekc) ACUCTEHT (passujeH Ha 6a3n nnatdopme OJS), koju
omoryhaBa TpaHCNapeHTHOCT M jaBHOCT pafa, nogpasymesajyhv nyHy OAroBOPHOCT 3a
npuxeaTtame 1 06jaBrbuBame YraHka.

[Mpouec ypehuBara uYnaHka y BojHOmexHU4YKOM 2riacHuUKy nogpasymeBa criegehe
obasese Pepakuyie:

1. HakoH npujema unaHka, Pegakuvja og aytopa npubaersa M3jaBy o ayTtopcTBy y
KOjoj ayTopu: HaBoAde CBOj MojeQuHaYHM OOMPUHOC Yy M3paau udnaHka; notsphyjy ga cy
ynosHaT ca MOMMTKOM Yaconuca y Be3n ca noenayverem Beh o6GjaBrbeHUX pagoBa;
noTephlyjy Aa nocnatu pykonuc npeacTaBrba OpurMHanaH pag Koju cy Hanucanu u
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noTnucanyu HaBedeHN ayTopy 1 KOju Huje objaBrbeH paHuje Ha HEKOM ApYyroM MecCTy, Te aa
ce pyKonuc He pasmaTpa 3a objaBrbuBar-e Ha APYroM MecCTy 1 Huje UCTOBPeMeHO nocnat
Ha peueHs3ujy y Apyre vaconuce; noTephyjy Aa YnaHak n godaTtHW Matepujann He caapxe
TBpAHE Koje b1 ce morne cmartpaTy KneBeToM unv 6uno Kakse He3akoHWUTe TBPAHE N He
cagpxe maTepujan Koju Ha OWNO KOjU HauYMH yrpoxasa fMYHa WM BriacHUYKa npasa
U3NYKUX NN NpaBHUX nuua; NoTBphyjy Aa Hemajy cykob uHTepeca koju 6u morao aa
[oBefe y nuTawe UHTErpuTeT U BEPOAOCTOJHOCT pesynTaTa Koju cy objaBrbeHn y YnaHky,
Kao n ga cy gobunu carnacHoCcT oA Hocunaua ayTopcKux npasa 3a kopuwhere CBUX
usBoga u3 dena sawTuheHnx ayTopckuM MpaBuma M ApyrMx matepuvjana sawTtuheHux
ayTOPCKMM MpaBMma Koju Cy KOpULNREHW y PyKOMMCY 1 Aa Cy HaBenu U3BOpe y PYKOMnucy u
AofaTHUM maTepujanmva.

2. MNpe popgene pykonuca ypedHuky Pepakumja npoBepaBa da nv je cagpxaj
pykonuca nnarvjaT, pagv NpoBepe OpUrMHaNHOCTM MpUchenux pagoBa M crnpeyaBaka
nybnukoBawa nnarvjata u gynnukarta. BojHomexHuyKku eracHUK He o6jaBrbyje nnarupaHe
papoBse. YpeaHuWwTBO nonasv Of CTaBa Aa je nnarvpare, OQHOCHO npeyaumMarse Tyhux
vaeja, peum vnn gpyrmx obnmka KpeaTUBHOr JOMPUMHOCA U HUXOBO NpeAcTaBibare Kao
COMCTBEHMX, rPybo KpLueke HayyHe ¥ n3gasadke eTuke. [narmparwe Moxe Aa yKbydyje u
KpLUEeHe ayTOPCKMX NpaBa, LUTO je 3aKOHOM KaXHsMBO.

Mnarnpare obyxsaTta:

— OOCIOBHO (peY No peY) Unu roToBO AOCIOBHO MNpey3nMate U CMULLILEHO, paaun
npukpvBaka W3BOpa, Napadpasupare [fenoBa TekcToBa Apyrvx aytopa 6e3 jacHor
HasHavaBarba U3BOpa;

— KOMupawe jegHa4ynHa, nogartaka unm tabena ns gpyrux gokymeHarta 6e3 npaBunHor
Ha3HayaBaha nssopa n/unu 6e3 go3sone 3BOPHOr ayTopa MM HocMoLa ayTOPCKOr npasa.

Pykonuc y kojem ce yTBpae jacHe vHAMuMje fa je nnarmpaH Ouhe ayTomarcku
onbwjeH. Y cnyyajy oa ce nnarnjapusam oTtkpuje y Beh objaBrbeHoM pagy, YnaHak he 6utn
0Mo3BaH (MOBYYEH) y CKMady ca NpoLeAypoM OMMCaHOM Y Tayku 6.

Pagn cnpevaBara nnarwjata y 4aconucy pykonucu ce noaBpraeajy nNpoBepu y3
nomoh cuctema iThenticate/CrossRef y okeupy cepeuca CUWHoekc ACUCTEHT.
Pesyntate pobujeHe npoBepoMm BepudMKyje YPeaHULLITBO Yaconuca Yy cknagy ca
cMepHuuama u npenopykama Komuteta 3a eTuky nybnukoara (COPE).

3. HakoH npoBepe Ha nnarwjapusam Pepakumja poperbyje npucnenu pykonuc
ypeaHuky koju he Haparbe BoAMTM ypefmBaukM npouec u opgabpaTn peLeH3eHTe.
YpeoHuITBO U ypeaHWK KojeM je JofderbeH Mpucrenn unaHak He cmejy 6utn y cykoby
MHTepeca y Be3n ca pyKonmcoMm Koju pasmaTtpajy.

Ako TakaB Cykob WHTepeca nocToju, 0 n3bopy peueH3eHaTa M CyaAdOMHM pykonuca
oanydyje Ypehusaukn ogbop. YnaHoBu YpehuBaukor ogbopa 3a koje ce npeTnocTaBu aa
ou mMornn 6utm y cykoby mHTepeca Takofje He Y4ecTBYjy y MOCTYMKy oanyyuBawa O
ogpeheHom pykonucy.

4. Pykonucu ce ynyhyjy Ha peueH3ujy Tek HakOH MHuUMjanHe oueHe fa nu cy, ¢
0631pomM Ha chopmy 1 TemaTcku Aenokpyr, NogobHu 3a objaBrbuBare y BojHomexHUYKoM
enacHuky. MNocebHa ce Boau padyHa Aa MHMUMjanHa OLeHa He Tpaje AyXe Hero LTo je
HEOMNXOAHO.

BojHomexHuyku  emacHUK — MpUMewyje  NocTynak  ,JBOCTPYKOT — aHOHUMHOT
peLeH3mpana CBUx pagosa’.

NMaBHW ypeaHWK 1 YNaHoBW YpeaHWLITBA AYXXHW Cy Aa npeady3my oarosapajyhe mepe
Ja ayTopu W peLeH3eHTU OcCTaHy MefycoBHO aHOHMMHM TOKOM W HAaKOH mMpoueca
peueH3vje, y cknagy ca [ABOCTPYKMM chnenuMm  npouecoMm peueHsuvje. lNMopep Tora,
ypeaHuWTBO BojHomexHuykoz eracHuka MOXe MpYyXuTu uHdopmauujy o npucTUriom
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pyKOMMCy caMo ayTopy, peLeH3eHTMa Unn NOTEHUMjanHUM pPeLeH3eHTMMa, YKOMMKO je TO
noTpetHo.

Csakun pykonuc peueHaupajy 6ap ABa pelLeH3eHTa, He3aBUCHO jedaH of Apyror, a
HUXOB MAEHTUTET je MefycoBHO HenosHaT. PeuieH3eHTn ce Bupajy UCKIby4MBO npema Tome
Ja nu pacrnonaxy peneBaHTHVMM 3HawMMa 3a oueHy pykonuca. He cmejy 6utn us ucte
WHCTUTYLIMje Kao ayTopu pyKonuca, HUTU BUTU HMXOBWU KOAyTOpU Y CKOPWjoj NPOLUMOCTU.
EBeHTyanHu npegno3v aytopa pykonuca Aa ce aHraxyjy oppefheHn peueH3eHTM He
yBaxaBajy ce.

Linre peueHsvje jecTe Aa ypeaHULITBY MOMOrHe y AOHOLUEHY OAnyke da nv pag
Tpeba npuxeBaTUTM MM oabuTn, Kao M Ja ce Yy MpoLecy KOMyHUKaumje C ypeaHWKOM,
ayTopuma v ApYruM peLeH3eHTMMa noborbLua KBanuTeT pykonuca.

Tokom nocTynka peueHsmje rmaBHM ypeaHK MoXe Aa 3axTeBa of ayTopa Aa AocTtase
gogaTtHe uHdopmauuje, ykrbydyjyhu v npymapHe nopaTke, ako Cy OHe HeonxogHe 3a
OOHOLWewe cyda O pykonucy. YpeOHUK W peueH3eHTUM Mopajy pAda 4yBajy Takse
nHpopmauwje kao NoBeprLNBeE N He CMejy UX yNoTpebuTn y apyre cepxe.

Y pefoBHUM OKONTHOCTMMa MOCTYNakK peLeH3npaka Tpaje HajBuLLle YeTUpy Hederse, a
camo u3y3eTHO A0 Tpu Meceua. lNepvod of npujema paga A0 HeroBor objaBrbvBar-a
Tpaje, y npoceky, 90 gaHa.

Y cnyyajy Ja aytopy uMMmajy 030UIbHE W OCHOBaHE 3aMepKe Ha peueHsujy,
ypeaHuwTBO NpoBepaBa Aa MM je oHa ObjekTMBHaA M da Nv 3a40BOSbaBa akajemcke
cTaHgapge. Ako ce NocyMra y 0BjeKTMBHOCT Mnn KBanuTeT peLeH3vje, YpeaHuK aHraxyje
[ofaTHe peLeH3eHTe.

[opgaTHn peueH3eHTM ce aHraxyjy 1M y cnydajy kaga cy oanyke nocrojeha aea
peueH3eHTa MefycobHO onpeyHe (o4buTW/MpUXBaTUTM) WM  HA  OPYTM  HAYWH
HenommprbuBe.

KoHauHy oanyky O mpuxsaTawy pykonuca 3a objaBrbmBare AOHOCUM WCKIbYUYMBO
YPEAHULLTBO.

5. Y wn3yseTHuM cnyyajeBMma, a nocebHO y OHWM OKOnHOCTMMa kagda je m3bop
Yyaconmca orpaHuyeH 36or cneunduyHe TeMaTrKe YnaHka, YnaHoBM ypeaHWLLITBa Yaconuca
BojHomexHuuyku anacHUK mMory Butn n ayTopu HEeroBux HayyHUX pagosa. Mnak, y oBoM
Cryyajy YPEeAHVLITBO CMpOBOAW AOAATHO TPAHCMapPEHTHWM U PUFOPO3HUjU ABOCTPYKO
cnenu npolec peueHsvje. To nogpasymeBa Aa he Pegakupnja yaconuca ynoxuTn Hanop ga
OfPXW VHTErpUTET peLieHsnje 1 HeobjeKTUBHOCT cBeAe Ha Hajmakby Moryhy Mepy, Tako wTo
he Opyrv ypegHuK capafgHVK BOAUTU Mpouenypy peleHsnje He3aBWCHO Of YypeaHuka
aytopa, npu 4emy he Taj mpouec OuTM anconyTHO TpaHcnapeHTaH. YpegHuwTeo he
noceGHO BOAMTW payyHa Aa PeLeH3eHT He npernosHa Ko je Hanucao papg. Kao gopaTHy
Mepy NpeaoCTPOXHOCTM, aKo U Kafa ce TakaB uraHak objaBu, ypeoHULITBO MOXe 006jaBuTy
nponpaTHM KOMEHTAp KOjU MoKa3yje KONMMKO je npouec ypehuBarwa U peueHanje 6uo
TpaHcnapeHTaH.

6. Y cnyyajy KpLiera npaBa BojHOmexHU4YKo2 anacHuUKa, Hocunawla ayTopckvx npasa
nn cammx aytopa, objaBrenBarba UCTOr pyKonmuca y BuLLIE Yacomnuca, faxHor ayTopcTBa,
nnarvjata, MaHvnynaumje nogauvmma pagu npesape unu 6uno koje gpyre 3noynotpebe,
objaBrbeHun paj ce Mopa 0no3BsaT.

YUnaHak ce moxe onossaTtu 1 3aTo ga bu ce ucnpasune 036urbHe 1 BpojHe omaluke
Koje Huje moryhe obyxBaTuTy objaBrbmBakem ucnpaske. Onosme objaBrbyje ypeaHULLTBO,
aytop(vn) nnm obe cTpaHe cnopasymHo.

Ono3sne nma obnmk 3acebHOr paja Koju ce nprkasyje y cagpajy CBeCKe U ypeaHUYKN
knacugukyje kao Onoame nnm PeTtpakumja.

Onosnen ce nybnukyjy npema 3axteBuma COPE koje je paspagmo CEON, kao
nsgasay 6ase y Kojoj ce BojHomexHUYKU ernacHUK NPUMapHO uHOeKkcmpa, O4HOCHO usgasay

203

IZJAVA O ETICKOM POSTUPANJU / STUYECKIN KOOEKC / PUBLICATION ETHICS STATEMENT, pp.201-219



ﬁ* VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2023, Vol. 71, Issue 1

HauMOHarnHor UMTaTHOr MHAEKCa rae ce MeTanofaum orno3mBa 1 Ono3BaHNX pagoBa Mopajy
03HaunTu ogrosapajyhum ynosopemuma 1 mehycobHo noBe3aTi yHaKpCHUM NIMHKOBUMA:

Y eneKkTpoOHCKOj BEP3uju M3BOPHOT YraHKka (OHOr Koju ce MOoBrayn) ycrnocTtaBrba ce
Be3a (HTML nuHk) ca obaBelLTereM 0 noBnadery. MoByyYeHn YnaHak ce YyBa y U3BOPHO)
dopmun, anu ca BogeHuM xurom Ha PDF okymeHTy, Ha CBakoj CTpaHULM, KOju yKa3yje Aa je
ynaHak nosy4yeH (RETRACTED).

7. Pepakuvja je oTBOpeHa 3a akagemcKy, Hay4yHO 3acHOBaHy, KonervjanHy u
noacTMUajHy pas3MeHy MULLIbEHA W KPUTWKY, OOHOCHO 33 MW3HOLLEHE €BEHTYyarHuX
Hecnarawa y Be3u ca pesynrtaTyMa objaBrbeHvM y unaHummMa BojHomexHu4koe anacHuka,
TuMe wTto he npyxutm MOryhHOCT ydyecHUUMMa [a HUXOBU MPEeaMETHW OONUCU UIn
nonemuke 6yay objaBrbeHn y pybpuum yaconuca ,lcma ypeaHuky”.

Mepe, paghe, OAroBOPHOCTM M oGaBe3e pelLieH3eHaTa BojHOMeXHUYKO2
anacHuKa

PeLeH3eHTn cy ayHn Aa kBanurKOBaHO U 'y 3agaTMm pokOBMMA JOCTaBe ypeOHUKY
OLEeHy HayyHe, O4HOCHO CTpy4He BPeAHOCTW pykonuca. PeueH3eHT Boam nocebHy Gpury o
CTBapHOM [JOMPVHOCY W OpUIMHaNHOCTM pykonuca. PeueHanja mopa OwuTM cacsBuM
objekTvBHa, a Cya peLieH3eHTa jacaH U NOTKPeNnibeH apryMmeHTuma.

PeueH3eHTV ouemwyjy pykonuce y ogHOCy Ha yckrnaheHoCT cagpxaja ¢ npodurioM
BojHomexHu4Ko2 enacHuKa, 3Havaj U KOPUCHOCT cafpaja, afeKBaTHOCT NPUMEHsEHUX
MeToda, HayyHy BpedHOCT CaapXaHux MHdopMauuvja, CTWN u3naraka WU OnpeMrbeHoCT
TekcTa. PeueHanja nma ctaHgapaHn dopmart koju obyxsaTa oueHe MojeAnHUX OUMeHsunja
paja, onwITy OLEHy M 3aKiby4Hy Npenopyky. Henpuxeatrbuea je nuyHa Kputuka aytopa.

PeueH3eHT He cme OuTM y cykoby MHTepeca ca ayTopuma wnum uUHaHcujepom
UCTpaxuBara. YKOMMKO TakaB CyKOO MOCTOjM, PELEH3EHT je adyxaH ga o Tome
npaBoBpemeHo obaBecTu ypefHuka. PeLieH3eHT He npuxeaTa Ha peueHs3unjy pagose nsBaH
obnactu 3a kojy ce cMaTtpa NoTMyHO KOMNETEHTHUM.

PeueHseHTn Tpeba fa ynosope rnaBHOTM ypeaHMKa ako OCHOBAHO CyMHsajy Uinv uMajy
casHawe O noBpedama eTUYKMX CTaHgapAa o4 CTpaHe ayTopa pykonuca. [yxHocT
peLeH3eHTa jecTe Ja CKpeHe Naxiy ypeOHWKY Ha 3HadvajHa nogydapakba Uiy Criv4HOCT
pykonuca ca Beh o6jaBrbeHMM pagoM, YKONMKO O TOME MMa NnyHa casHawa. Takohe,
Tpeba fa npenosHa peneBaHTHE M3BOpe KOju y pady HuCy y3eTu y ob63vp. Moxe pna
npenopyyn uutupare oapefheHux pedepeHum, anm He cMe Aa 3axTeBa uMTupamwe pagosa
objaBrbeHnx y yvaconucy BojHomexHuuYKu eanacHuK Wnu CBOjUX pafjoBa, ako 3a TO He
NoCToju onpaeaakse.

Opf peLeH3eHaTa ce o4ekyje Aa CBOjUM cyrecTvjama yHanpege KBanuteT pyKonuca.
AKo oueHe da pag 3acnyxyje objaBreuBarbe y3 Kopekuuje, Ay)KHW Cy Aa NPeLmsnpajy HaumH
Ha KOju TO MOXe [ia ce OCTBapu.

Pykonucu koju cy mnocnatv peueH3eHTy Mopajy Ce cmaTpatyu MNOBEprbMBUM
JokyMeHTMMa. PeLeH3eHTM He cMmejy ga KopucTte MaTepujan M3 pykonuca 3a CBOja
ncTpaxusana 6e3 n3pnuute nucaHe fO3BONE ayTopa.

Pepakumja BojHomexHuykoe afacHuka TOACTMYE peueH3eHTe pfJa  peleHsuvje
BEPU(MKYjy Ha CBOjUM MepcoHanvM3oBaHMM cTpaHuuama y 6asu Publons, y cknagy ca
ynyTCTBOM Ha CTpaHuuM cajta: [lo3vB M ynyTCTBO peleH3eHTUMa 3a peructpauujy y
Publons-y.

PeueHseHTcka nonutuka BojHomexHuykoz2 2nacHuka, Koja je BepudukoBaHa Yy
Publons-y:

— omoryhaga jaBHO NpurKa3vBake peLeHsunje (MCKIby4nBO HaKoH 0bjaBrbuBama YnaHka),
— peueH3eHTMMa npuKasyje HacnoBe pPeLEeH3NPaHOr YnaHka (UCKIbYYMBO HAaKOH
o6jaBrbuBama YnaHka),

y cknagy ca cMepHuuama Publons-a.
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Mepe, papwe, oAroBOopHOCTU UM obaBe3e ayTopa KOju MWWy YnaHke 3a
BojHomexHu4Ku 2nacHuUK

AyTOpu rapaHTyjy Aa pykonuc npeAcTaBiba HMXOB OpUrMHaNaH AOMPUHOC, Aa Huje
objaBrbeH paHuvje 1 ga ce He pa3maTtpa 3a objaBrbmBaHe Ha Apyrom MecTy. VictoBpeMeHo
npeAasare UCTOr PyKONuca y BULLE Yaconuca npeacTasrba KpLUewe eTUYKMX CTaHaapAa,
LUTO ra UCKIby4yje 13 garser pasmaTtpana 3a objaBrbmBarse y BojHOMEXHUYKOM 21aCHUKY .
Pag koju je Beh objaBrbeH Ha HEKOM ApYrom MeCTy He Moxe BUTK npeluTaMmnaH y 4yaconucy
BojHomexHu4Ku 2racHUK.

AyTopu cHoce CBYy OAroBOPHOCT 3a LENOKyrnHU caapxaj pykonuca. Pykonuc He cme
Aa cagpXv HEOCHOBAaHe UMW He3aKoHUTEe TBPAHE, HATW Aa KPLUW Npasa Apyrux nuua.

AyTopu cy OyxHuW da obesbege Aa HMXOB ayTOPCKM TUM HaBedeH Yy pyKonucy
obyxBaTM camMO OHa NMUa Koja Cy 3Ha4ajHO JonpuHena cagpxajy pykonuca. Ako cy y
OUTHUM acnekTMa MCTPaXKMBAYKOr MpojekTa WM MpurnpeMe paja ydvecTsoBana v gpyra
nvua, BKNxoB gonpuHoc Tpeba HaeecTn y pycHOTM nnu nocebHoj HanomeHn (3axsanHuua,
Acknowledgements).

ObaBe3a je ayTopa [Jda Yy HarnoOMeHM HaBedy HasvB W KOAHY O3HaKy
Hay4YHOMCTpaXXMBa4yKOr NpojeKTa Yy OKBUPY Kojer je pag Hactao, kao M MyH Hasue
duHaHcupajyhe nHctutyumje. Y cnyyajy Aa je pag nog UCTMM UM CIIMYHUM HacnoBoM 6uo
M3MNOXEH Ha HEKOM CKyny Yy BMAY YCMEHOr caonwiTewa, AeTarbu o Tome Tpeba aa byay
HaBe[eHN Ha UCTOM MECTY.

AyTOopu Cy AyXHW da MOTNYHO W MpPaBWMHO LMTMPajy W3BOpEe KOju Cy 3HayvajHo
yTVLanu Ha cagpxaj UcTpaxusara u pykonuca. [enosu pykonuca, ykibydyjyhu TekcT,
jeaHaunHe, cnuke nnu Tabene, Koju Cy 4OCNOBHO Npey3eTu N3 Apyrnx pagosa, Mopajy outu
jacHo o3HayeHn NocebHOM HanoMeHOM, HMp. 3HauyMMa HaBoOAa ca MPeLU3HOM O3HAKOM
MecTa npeysvMara (bpoja CTpaHuue) unu, ako cy ObuMMHWjW, HaBegeHu Yy 3acebGHOM
naparpady.

MyHe pedepeHLe CBMX HaBOAa y TEKCTy (UMTaTa) Mopajy 6utn HaBedeHe y 3acebHoM
ofereky (Nntepatypa) n To Ha jegHoobpasaH HaumH, y cknagy ca UMTaTHUM CTUIOM KOoju
BojHomexHuuku anacHuk kopuctu (Harvard Style Manuel). Y ogereky Jlutepatypa HaBoge
ce caMO LMTUpaHu, a He 1 ocTanu U3Bopu KopuwheHn NpPUMNMKOM Npunpeme pykonuca.

Y cnydajy ga aytopu OTKpWjy BaHy TrpelKy y CBOM pady HaKOH H-eroBor
oGjaBreuBama, OyXHU Cy Aa ogmax o Tome obaBecTe rmaBHOr ypegHuka (unn Pepakuwnjy
BojHomexHu4koe enacHuka) v oa capahyjy y npoLecy noenavyersa unm ncrnpaerbaka paja.

ObaBe3a je aytopa Oa y pykonucy HaeBefy Aa nu ¢y Yy pMHaHCUjCKOM unm Buno Kom
apyrom 6uTHOM cykoby MHTepeca Koju 6w mMorao Aa yTude Ha HMXOBe pesynTaTte unm
WHTepnpeTauujy pesynrara.

AKO ce y ayTOpPOBOM UCTpaxuBarby MOjaBIbyjy Xemujcka jeaursersa, nocTynum unu
onpema Koju Cy onacHuv no 34pasrbe Jbyau UK X1BOTUHA, TO MOpa 1T jacHO Ha3HaveHo
y pykonucy.

MpepaBawem pykonuca aytopu ce obaBesyjy Ha NowToBakwe ypehrBayke nonutuke
yaconuca BojHomexHu4Ku 2racHuK, WTo noTephyjy AocTaBbakeM M3jaBe 0 ayTopcTay.

Pa3pelwiaBate cnopHux cutyauuja

CBaku nojeguHal, UNM UHCTUTYUMja MOTY YPeaHUKY W/Mnu ypeaHuLTBY npujaBuTu
CasHama O KpLUetby eTUYKMX cTaHAapAa v ApYrMM HernpasuiHOCTMa 1M 0 ToOMe JOCTaBUTH
BEpOdOCTOjHE WMHpOpMauuje/qoka3e paau nokpeTawa wuctpare. [locTynak nposepe
W3HETNX oKas3a oaBuja ce Ha cnegehn HaumH:

— rMaBHU YpeaHWK AOHOCU OAJNYKY O MOKpeTaky ucrpare;
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— TOKOM TOr MOCTyMKa CBM [OKasW ce cMmaTtpajy MNOBEPrbMBUM MaTepujariom u
npeaoyaBajy camMo OHUM NULMMA Koja cy AMpeKTHO obyxsaheHa cryyajem;

— OCYMHUYEHMM NULIMMa MpYXa Ce Npunuka Aa OAroBope Ha U3HeTe onTyxbe;

— ako ce yTBpAM Aa je 3aucTa AOLO A0 HEMPAaBUMHOCTU, OLekyje ce Aa nu je ped o
MaH-eM NpekpLUajy unm rpybom KpLuehsy eTU4KUX cTaHgapaa.

Marun npekpwaju, 6e3 nocneguua Mo uHTerputeT paga u BojHomexHuuykoe
efacHuka, Ha npuMep Kada je ped O HepasymMeBawy WM MOTPELUHOj MPUMEHN
nyonuuUMCTUYKMX CTaHdapha, paspellaBajy ce y OMPEKTHOj KOMyHWKauuju ¢ ayTopuma u
peLeH3eHTUMa, 6e3 ykibyunBara Tpehux nuua, Ha Hekn of cnegehux HaunHa:

— ayTopvMa u/vnu peueHseHTMMa ynyhyje ce ncMo ynosopemsa;

— objaBrbyje ce ucnpaeka paga, Ha Npumep y cny4ajy kaga ce ca cnmcka pedepeHLum
N30CTaBe M3BOPU KOjU Cy y CaMOM TEKCTY LIMTUPaHN Ha NPOMMCaH HaunH;

— objaBrbyje ce epaTyM, Ha NPUMMEPYKOSIMKO Ce MCMOCTaBM Aa je rpellka HacTtana
OMallUKOM ypeaHuwiTea.

Y cnydyajy rpybor Kpliewa eTUdKUX cTandapAa, YPEeOoHWLUTBO MOXe Aa npegysme
pasnuuuTe Mepe:

— objaBrbyje caonLuTere NN YBOAHWK Y KOjEM Ce Cryyaj onucyje;

— cnyx6eHo obaBelUTaBa adhmnumjaTMBHY OpraHn3auujy aytopa/peLieH3eHTa;

— nosnayu objaBreeHu paaa;

— n3puye 3abpaHy objaBrbMBamsa y Yaconucy Ha ogpeheHu neprog;

— npegovYaBa Cnyyaj HagnexHMM opraHusauvjama u perynaTopHum Tenuma pagu
npeay3vumarba Mepa U3 hMX0Be HafeXHOCTH.

OBe Mepe MoOry ce MpuMMeHMBaTV MOjeAMHAYHO MNM MCTOBpPeMeHo. Y npouecy
paspeluaBara Criyvaja no noTpedu ce KOHCYNTYjy pereBaHTHe eKcrnepTcke opraHusaumje,
Tena unu nojeauHUM.

Mpunmkom paspeluaBaka €TUHKM CMOPHMX MOCTyNaka YpeaHWLITBO Ce pyKoBOAW
cMepHuuama KomuteTa 3a eTuky nybnukoana (COPE).

OppuvuaHe oaroBOpHOCTH

M3HeceHn ctaBoBu y 0bjaBrbeHUM pafoBUMa He u3paxaBajy CTaBOBE ypeaHuka,
ynaHoBa Pepakumje n Ypehueaukor ogbopa yaconuca BojHomexHUYKU ernacHuk. Aytopwm
npeyavmajy npaBHy W MoOpanHy OArOBOPHOCT 3a uAeje W3HeceHe y CBOjUM pafoBuMa.
WN3paBay Hehe CHOCUTWM HUKaKBY OQFOBOPHOCT Yy CRyyajy WCrocTaBrbaka O6uno Kakemx
3axTeBa 3a HakHagy LuTeTe.

Peknamupame
Huje [o3BOrbLEHO peknamupane Y BojHomexHUYKOM 2/1acHUKY.

Hemarbu 0 emuykom nocmynamy BojHomexHu4Yko2 enacHuka OocmyrnHU Cy U Ha
cmpaHuyama yaconuca: Ypehueayka nonumuka, Ynpaerbat-e Keanumemom
qyaconuca, lModpwka keanumemy padoea y Cprickom yumamHoM UHOeKkcy — u3dasaydy
6aze y Kojoj ce BojHomexHUYKU enacHuK fpumMapHoO UHOeKcupa, OOHOCHO u3dasayy
HayuoHarnHo2 yumamHoe uHoekca.
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KOOEKC I'IPO¢ECCI/IOHAJ1bHOl7! OTUKUN
XYPHAINA «BOEHHO-TEXHUYECKUN BECTHUK»
3AABIEHUE

MPUMEYAHUE: PepakumMoHHass nonuTvka >XypHana «BoeHHo-mexHuYeckul
8eCMHUK» OCHOBaHa Ha pekomeHaauusx KomurteTta no atuke Hay4dHbix nybnukaumin (COPE
Core Practices), obwpux npuHUMNaxX NpPo3pPayHOCTU W Myudlen NpakTuKe Wn3gaTerbCKon
pestensHocT COPE, DOAJ, OASPA n WAME, a Takke Ha nydwen npakTuke Hay4Ho-
usgaTtenbckon geatenbHoctTn. XXypHan «BoOeHHO-mexHU4YecKul 8eCmHUK» SBNsSeTca
yneHoMm COPE (KomuteT no atuke HayyHbIx nybnuvkaumin) co 2 mas 2018 roga u uneHom
OASPA (Accoumaums Hay4HbIX usgartenen oTKpbIToro goctyna) ¢ 27 Hosbpsa 2015 ropa.
Pepakums npumeHsieT KOHTPONbHbIN nepeyeHb No BinonHeHuio PekomeHgaumm KOHECKO
06 OTKpbITON Hayke ANnst usgartenen ¢ OTKPbITbIM AOCTYNOM. JaHHbI JOKYMEHT ABMsieTcs
yactbto uHcTpymMeHTapus KOHECKO no oTkpbiToi Hayke, paspaboTaHHOro ¢ Lenbko
nogoepxkn BHegpeHus PekomeHpgaumm HOHECKO no oTkpbiton Hayke. [OKyMeHT
coctasrneH npu cogericteum ¢ OASPA.

My6nukaums cratert nocne mx nNpodeccMoHarnbHOW peLeH3nn SBMSIETCA OCHOBHOW
[eATEeNbHOCTLI0 HAay4YHOro XXypHana «BoeHHO-mexHUYecKull 8ecmHuUK». B pepakumoHHo-
n3gaTtenbCckoM MpoLecce B NepByl odyepefb HEOOXOAMMO AOCTWMYb LOrOBOPEHHOCTU 00
3TUYECKNX HOPMaXxX W NpUHLMNAaX, NMPUMEHSIEMbIX KO BCEM y4YaCTHUKaM, Ha4YMHas c aBTopa,
peaakuMOHHOWM  Komrermn, npodeCcCMoHanbHbIX PELIEH3EHTOB [0 CamMoro u3gartens.
BbilwenepeyncneHHble NpUHLUMNBLI U NpoLeaypbl YTBEPXAEHbl HAacToAWMM 3asiBneHnem m
Kogekcom npodeccroHanbHOM STUKN XXypHana «BoeHHO-mexHU4YeCcKul 8€CMHUK».

Mepbl, foesATeNnbHOCTb, NpaBa u 0o06s3aHHOCTHU peaakumMmn XypHana «BoO€eHHo-
mexHuUYecKuli 8eCMHUK»

Penakuus xxypHana «BoeHHO-mexHU4YecKull 6eCMHUK» He B3VMaeT nnaTy 3a nogavy
n nybnukaumilo ctated HM C WX aBTOPOB, HW C TpeTbux nwuu. Bce npouenypsl
pedakTvpoBaHust 1 nybnuvkaumm abcontoTHo GecnnaTHel AN aBTOPOB, BKMOYas nopady,
npvem, pedakTypy, KoppekTypy, obpaboTky n nybnukaumio ctaten. HeT HMKaKkuX CKpbITbIX
3arpar.

OkoHyaTenbHoe pelweHne no BblbOpy cTatenm K nybnukaumm npuHUMaeTcs
penkonneren XypHana «BoeHHO-mexHuYeckul eecmHuk». PelueHne npuHUMaeTcs
UCKIIOYMTENBHO Ha OCHOBaHUM HayyHOW LEHHOCTM cTaten. He  pgonyckaetcs
OVCKPYMMHAUMA MO MPWU3HaKy packl, Nona, penurim, 3THUYECKOTrO MPOUCXOXAEHWUS Uin
nonuTuyecknx ybexaeHwin. [pu  NpUHATUM  pelleHWin  pedakums PyKOBOACTBYETCH
pedakuMoHHOM MOMUTUKON, cobrtodas MOMOXEHWs 3aKoHOAATEnNbCTBa, KacaloLMXcs
KneBeTbl, HapyLLEeHUst aBTOPCKMX NMpaB uUinu nnarvara.

Pykonmcn  aBnstotca  KOHMAEHUMANbHbIM martepuanom N XpaHaTcs
cooTBeTCTBYOWMM obpasom. [Monb3oBaTbCcs MHOpMauUMen u naesmym us pykonvcewn B
NYHBIX Lensax 6e3 MMCbMEHHOro cornacus aBTopoB HEAOMYCTUMO.

Mo pekomeHgauusm LleHTpa nopaepxkv oueHkn B obpasoBaHum n Hayke (LIEOH)
pedakums XypHana B cBoew paboTe Nonb3yeTcs aNeKTPOHHOW CMCTEMOW peaakTMpOBaHWs
SCindex (Cepbekuin uHpekc umutupoBanusi) ASSISTANT (paspaboTaHHOM Ha OCHOBe
nnatgopmbl OJS), obecneuvBaroLllelri NPO3pavyHOCTb U [OCTYNHOCTb WMHpopMauum o
TeKyLeM COCTOsiHUM pykonucn. Pedakums HeceT MOSHyt0 OTBETCTBEHHOCTb 3a MPUHSITVE
peLlueHus o eé nybnmkaumu.

Mpouenypa pepakTMpoBaHUsi CTaTbu B XypHane «BOeHHO-mMexXHUYECKUU 8ECMHUK»
BKIKOYaeT crnegyowme 0693aHHOCTY peaakumm:
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1. MNocne npvema ctatby pedakumm HeobxoaMMo MoMnyyYMTb OT aBTopa ABTOPCKOE
3asBfieHMe, B KOTOPOM aBTOpbl: AOSIKHbI YKasaTb CBOW WHAMBMAYyanbHbIN BKNag B
cosfaHve cratbW; MNOATBEPAWTb, YTO O3HAKOMIIEHbl C MOMUTWUKOWM XypHana B OTHOLLEHUM
OT3blBa Yxe onybnumkoBaHHbIX CTaTen; NOATBEPAUTb, YTO NpeacTaBrieHHas PyKonuchb
ABMAETCA OpUrMHanoHoOn paboTon, HanucaHHOM W MOAMNWCAHHON YKasaHHbIMW aBTopamu,
YTO paHee oHa He nybrnukosanack, a Takke, YTO PYKONUCb He paccMaTpuBaeTcs ApYrumn
n3gaHnamMn ana nyénukaumm u He NpPOXOAUT peLeH3VpoBaHWe B ApYrux XypHanax;
noATBepAWTb, YTO CTaTbs U AOMNOMHUTENbHbIE MaTepuarnbl He COAEPXaT HUKAKUX NIOXKHBIX
BbICKa3bIBaHW, KOTOpble MoK Bbl paccMaTpyBaTbCs Kak KIeBeTa, He coaepXaT HUKaKuxX
MPOTMBOPEYALLMX 3aKOHY YTBEPXOEHWA MM MaTepuarnos, KOTOpble Kakum-nnbo obpasom
MOryT MOCTaBUTb MOA Yrpo3y fNYHble WIN UMYLLECTBEHHble MpaBa (U3NYECKUX WNn
IOPUANYECKNX NUL; NOATBEPAUTDL, YTO Y HUX HET KOHMMMKTA MHTEPECOB, KOTOPLIA MOr Obl
NOCTaBWTb NOA COMHEHME LIeNOCTHOCTb M AOCTOBEPHOCTL PE3yrnbTaToB, NpeACcTaBreHHbIX
B CTaTbe, M YTO aBTOPbI NOMyYMnu corracue OT npaBoobrnagaTenen Ha MCronb3oBaHVe
BCEX BblOepXeK U3 TpydoB W APYrMX MaTepuanos, 3allMLLEHHbIX aBTOPCKUM MpaBoM,
KOTOpble MCMOMb30BanMCb B PYKOMUCK, a Takke MOATBEPAWTb, YTO OHW yKasanu
LMTMPpYEeMble NCTOYHMKN B PYKOMMUCK U AONOMHUTENBHBIX MaTepuanax.

2. Mpexge 4YeM pegakTop O3HAKOMUTCS C PYKOMWUCHIO, PeaKonnerys nposepseT
codepaHve pykonucu Ha npegmeT nnarvata, Ans Toro 4tobbl YAOCTOBEpUTLCA B
OpWMMHaNbLHOCTU MNpEeACTaBreHHbIX CTaTerl M NpegoTBpatUTb nybnukaumilo nnarvata wu
aybnuposaHusa. KypHan «BOeHHO-mexHUYecKull 8ecmHuK» He nybnukyeT craTtbuy,
cogepxawme nnarvat. Pegakuus npuaepxvMBaeTcs MHEHWs, 4TO mnnarmart, TO ecCTb
NCMOSb30BaHNE YYXWUX Maen, CroB Unn Apyrux TBOPHECKMX CNOCOBOB BHECEHWs BKrada B
Hayky 0e3 HaMepeHHOro yKa3aHWs WCTOMHMKa W WX MPeAcTaBrneHve Kak CBOMX
COBCTBEHHbIX, ABNSAETCS Cepbe3HbIM HapyLLeHWeM UccrnenoBaTenbCckon 1 nyenmukaumMoHHOM
3Tuku. MNnarnaTt ABnseTcs HapyLleHWeM aBTOPCKUX NPaB, Y OH YTOMOBHO HakasyeM.

Moa nnarmaTom NoHMmaeTcs:

- JocnoBHoe wnn npubnMauTenbHOEe 3aMMCTBOBaHME, a Takke HaMepeHHoe
nepedpasnpoBaHMe YacTen TEKCTOB APYrMX aBTOpOB 6e3 YeTKOro ykaszaHus UCTOYHMKA, C
Lienblo CKPbITb UCTOYHNK;

- KonupoBaHve ypaBHEHWI, OaHHbIX Uny Tabnuy, U3 Yyxux AOKyMeHToB 6e3 yeTkoro
yKasaHusi UICTOYHUKa n/vnu 6e3 cornacusi aBTopa nnu npasoobnagarens;

Pykonucy ¢ siBHbIMM Mpy3Hakamu nnarvata 6yayT aBToMaTuyecku OTKMoHeHbl. Ecrn
nrarvaTt BbISIBNieH B yxe onybnvkoBaHHOW cTaTbe, TO OHa OydeT oTo3BaHa B nopsgke,
OMMCaHHOM B MyHKTe 6.

B uensax npepoTeBpawieHva nybnvkaumm nnarmata B KypHane  pykonucu
npoBepsTCs ¢ nomoLublo cuctemsl iThenticate/CrossRef B pamkax nnatcopmbl SCIindex
ASSISTANT. Pesynbtatbl NpoBEpKM MEepenpoBePATCS pPeaakUMOHHOW  Konnernen
XypHara B COOTBETCTBUM C MPUHLMNAMN 1 pekomeHgauusmm Komutera no aTuke HayyHbIX
ny6nukaumin (COPE).

3. locne npoBsepku Ha nnarvaT pegkonnerus nepepaeT PyKOMUCb pedakTopy,
KOTOpbIN B AanbHewem byaeT BeCTVM pefakUMOHHbBIN NPoLEece U BbibMpaTb peLieH3eHToB.
Pegkonnerna n pegaktop, KOTOpbIM HanmpaeneHa npeAcTaBneHHas CTaTbsi, HE OOSKHbI
MMETb KOH(PIUKTa MHTEPECOB B OTHOLLEHMN PacCMaTprMBaeMon UMW PYKOMUCH.

Mpn HanuumMm Takoro KOHMNWKTA WHTEPECOB O BbLIOOpE peLeH3eHTOB u cyapbe
PYKOMUCK peLleHne NpUHMMaeT pefdakLMOHHBIA COBET. YneHbl pefakumMoHHOro coBeTa, y
KOTOPbIX TOXe MOXeT OblTb KOH(MWKT WMHTEPEecOB, TaKkke He y4yacTBYKT B Mpouecce
NPUHATUSI PELLEHNSI MO KOHKPETHOW PYKOMMUCH.
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4. Pykonucy npeacTaBnsaloTcs Ha peLeH3MpoBaHMe TOMbKO MOCIE NEPBUYHON OLEHKM
C YYeTOM COOTBETCTBUSI OCPOPMMEHMS M TemaTuku ctaTtby AN nybnvkaumm B XypHane
«BoeHHo-mexHu4Yeckuli eecmHuk». Ocoboe BHMMaHWe yOensieTcs MPOAOIHKUTENbHOCTU
OLLeHKN, KOTopas ANUTCA POBHO CTONbKO, CKOMbKO 3TO HE06XoanMO.

Pepakuns XKypHana «BoeHHO-mexHu4eckul 8ECMHUK» nposoauT
KOH(MAEHUManNbHoe peLieH3MpoBaHMe BCEX CTaTen, NPUMEHSIS « ABOMHOMW Crenon MeToay.

MaBHbIN pegakTop WM uneHbl pegkonnerum obs3aHbl NPUHATL COOTBETCTBYHOLLME
Mepbl AN TOro, YToObl aBTOPbl U PELIEH3EHTLI OCTaBanNMcb aHOHMMHbBIMW ApYr ANS gpyra
BO BPEMS 1 MOCIe npoLecca peLeH3npoBaHns, NPOBeAEHHOrO METOA0M ABOWHOIO Crenoro
peueHsvpoBaHusi. Pepakumsi  KypHanma  «BOEHHO-MEXHUYECKUl  8eCMHUK»  Mpu
HeobXxoaMMOCTM MOXET NpefocTaBUTb UHAOPMALMIO O NPeaCTaBMNEHHON PYKOMUCK TOMNBbKO
aBTOPY, PeueH3eHTaM U NoTeHUUanbHbIM peLeH3eHTaMm.

Bce pykonucu peueHsvpyroTCst Kak MUHUMYM OBYMSi @HOHUMHbIMW peleH3eHTamu,
KOTOpblE PELIEH3NPYIOT PYKONUCh HEe3aBUCUMO Opyr OT Apyra. PeueH3eHTbl BbiOMpatoTca
UCKMKYMTENbHO Ha OCHOBaHUWM WX KOMMETEHUMM B OOnacTn WMCCNeaoBaHUsi PYKOMUCH.
PeLieH3eHTbl He MOryT BbITb KOnneramm aBTOpoB, TO eCTb paboTaTb B TOM Xe yYpexaeHuu,
roe paboTaeT aBTOp, M OHU He [OMKHbl MMETb C aBTopaMuM COBMECTHbIX pabor,
onybnukoBaHHbIX B Onvkaniiem npowrioMm. Bo3moxHble NoxenaHus W MNpearoXeHus
aBTOPOB O MPUBIEYEHNN KOHKPETHBIX PELIEH3EHTOB HE NMPUHMMAIOTCS.

PeueH3vpoBaHMe npoBoAMTCA C UEMbl OKa3aHWs MOMOLLM peakonnerun npu
MPUHATAM peLleHuin O nybnukaumMm crtate’ unm OTka3e aBTopaM, a TaKke yIydlleHus
KayecTBa CTaTbM MyTEM KOMMYHMKALMN PELIEH3EHTa C pedakTopoM, aBTopaMu U Apyrumm
peLeH3eHTamu.

B npouecce peueHsnmpoBaHusA rMaBHbIM pegakTop Brnpase notpebosaTb OT aBTopa
OOMNOMHUTENBHYI MHPOPMaUWIo, BKIOYas UCXOAHbIE AaHHbIE, eCu 3TO Heobxoaumo ans
OLEHKM pykonucu. Pedaktop M peLeH3eHTbl OOMKHbI XpPaHWTb AaHHyl MHopMaumio B
KOH(UAEHLMANbLHOCTU 1 He BNpaBe MUCMOoNb30BaTh €€ B UHbIX LIENSIX.

MpoLecc peLeH3MpoBaHNs 0ObIMHO 3aHMMaET MaKCUMYM YETbIPE HEAENWN U TOSBKO B
UCKIMKYMTENbHBIX Cryyasix OH MOXEeT ONUTbCA A0 Tpex Mecsaues. Nepuoa BpemeHu ot
nofaym pykonvcu o ee nybnukaumm coctaenseT npumepHo 90 gHe.

Ecnun aBTOpbl NpeabaBnstoT cepbesHble 1 060CHOBAHHbIE NMPETEH3NM HA PELIEH3MIO,
pedkonneruss OOMKHA MPOBEPUTb  SABMNSAKTCA 1N pacCMaTpvBaeMble  peLEeH3un
OObEKTMBHBIMU M COOTBETCTBYKOT 1M OHW akajemumyeckum cTaHgaptam. Ecnn
0OBEKTMBHOCTb MINKN KAYECTBO 3TUX PELIEH3UI BbI3bIBAET COMHEHUS, PEAAKTOP NpuUBrekaeT
OONONMHUTENBbHbBIX PELEH3EHTOB.

JononHuTenbHble peLEH3EHTbl Takke MPUBMEKalOTCA, B CMyyYae ecnv peLleHus
BblIOpaHHbLIX ~ PELEH3EHTOB  MONHOCTLIO  pacxogdatca  (MPUHATH/OTKIOHUTL) WK
npoTMBOpeYaT Apyr Apyry no ApYyrMM npusHakam.

OkoHYaTeENbHOE peLleHVE O MPUHATAM PYKOMUCKU K nyGnukaumm npuvHUMaeTca
UCKIMYMTENbHO PeAaKUMOHHOW KOnnernen.

5. B ncknouutenbHbIX cryvasix, 0cobeHHO Koraa Bblibop >KypHana orpaHuyeH us-3a
cneundunyeckon TeMbl CTaTbu, YrieHam peakonnernn xypHana «BoeHHO-mexHuYeckul
8eCcmHUK» [ornyckaetcsa nybnukoBatbcsl B HeM. B Takom cnyvae pegkonnervs
rapaHTMpyeT, 4TO NpOLUEecC ABOWHOrO Crenoro peleH3vpoBaHust Gyner euwe 6Gonee
Npo3payYHbIM U CTPOrMM. OTO O3Ha4aeT, YTO pefakuusl NMPUIOXUT BCE yCUNus ansi Toro,
YTOObI COXPaHWTb LEMOCTHOCTb PELEH3UM U CBECTU K MMHUMYMY o0y npenB3aToCTb.
3amecTutenb pegaktopa npoBeaeT abComTHO NPO3payHyo NpoLeaypy peLeH3poBaHus
He3aBMCUMO OT pefakTopa-aBTopa. PefakumoHHas Konnernst no3aboTuTcs O TOM, YTOObI
PELIEH3EHT He y3Han KTO SIBNsSeTCs aBTOPOM cTaTbW. B kayecTBe [OMOMHUTENBLHOW Mepbl
NpefoCTOPOXHOCTW, €CNM U Koraa Takasi ctatbs OyaeT onybnukoBaHa, peakonnerust K
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ctatbe [AobaBUT npumeYaHue, copepXallee WHPOPMaUMI0 O BbICOKOM YPOBHE
NpO3payHOCTU, NPOBEAEHHbBIX NMPOLIECCOB PeaKkTMPOBaHWA U PELIEH3UPOBaHUSI.

6. B cnyyae HapyweHuss npaB XypHana «BOEHHO-MexHUYEeCKUl 8EeCMHUK»,
aBTOPCKMX MpaB WUIN Cammnx aBTOPOB, a TaKkKe B Criydae NOBTOPHON MyGnukauuv ogHoOu m
TOW e cTaTbM B pPasfuYHbIX UW3[4aHWsAX, MNPUCBOEHWS aBTOPCTBa, nnarvara,
MaHUMYNUPOBaHUS  AaHHLIMWU UMW APYroro  BWAa HapyLUEHWS  3TUYECKUX  HOPM,
onybnukoBaHHas ctatbsa OyaeT oTo3BaHa.

CraTtbs Takke MOXeT ObITb 0TO3BaHbI C LiENb0 NCMPaBNEHUsS MHOMOYNCIEHHbIX W/Mnn
yHOaMeHTanbHbIX HeJOCTaTKOB, KOTOPble HE MOTYT ObiTb YCTpPaHeHbl MCrNpaBlEHUs MU
nocne nybnukaumu. OT3bIB CTaTbl NPOU3BOAUTCH PeLaKUMen, aBTOPOM (aBTOpamMu) wUnm
o06evmu cTopoHamy Mo B3aUMHOMY COTfiacuio.

YBegomneHne o6 oT3biBe MMeeT HOpMy OTAENbHOrO OOKYMEHTa, YKa3aHHOro B
cofepXaHum Bbinycka nof HassaHnem «OT3bIB» unu «PeTpakumsy».

OT3bIBbl NyGnukytoTca B cooTBETCTBMM C TpebosaHnamn COPE, paspaboTaHHbIMK
CEON B ero 6ase pgaHHbIX, roe «BoeHHO-mexHuU4Yeckul 6eCMmHUK» WHOEKCUpyeTcs B
nepByl0 ovepenpb, NpU 3TOM MeTafaHHble OTO3BaHHbIX U CHATbIX C MyGnukauum crarten
DOmKHbl OblTb 0603HAYeHbl COOTBETCTBYHOLUMM MNpPedynpexaeHnemM U CBsi3aHbl Mexay
coboMn ccbinkamu.

3a cratben (yTBEPXAEHHOW K OT3bIBY) B 3MEKTPOHHOM dopmaTe 3akpennaioT HTML
CCbIKy C yBedOMIeHMeM O eé CHATUM ¢ nybnukaumn. WN3bsaTas ctatbd XpaHuTCcs B
UCXOOHOM BMAe, HO Kaxaasa ctpaHuua MNOP dopmaTta BU3MPYETCS BOASHbIM 3HAKOM,
CBMAETENLCTBYIOLWMM 06 n3bATMM cTatbu ¢ nybnukaumm (RETRACTED).

7. Pepakuma OTKpblTa ANA  akageMumyeckoro, HayyHo  0BOCHOBaHHOrO,
KONnernanbHoro 1 MPOAYKTUBHOTO OOMEHa MHEHUSMU U KPUTUKOW, a Takke And
BblpaXEHVUSI  BO3MOXHbIX Pas3HOrnmacuii  OTHOCUTENbHO  pesynbTaToB B CTaTbsiX,
onybnukoBaHHbIX B XXypHane «BoOeHHO-mexHu4Yeckuli 8ecmHuK», npeaocTaBnss
BO3MOXHOCTb Y4YaCTHMKaM AMCKYCCUM MyGnmnkoBaTe CBOW NMCbMa Mo NPeaMETY NONMEMUKM B
pybpuke: «ncbma pegakropy».

Mepbl, AeATenbHOCTb, NpaBa W 06s13aHHOCTH peueH3eHTOB JXypHana
«BOeHHO-mexHuU4YecKull 8 eCMHUK»

PeLieH3eHTbl OOmKkHbI NPOdecCMoHanbHO M OOBEKTMBHO apryMeHTUpOBaTb CBOH
Mo3NLMIO M B YKa3aHHbIA CPOK MPeaoCTaBnATb PeAaKTOpPY OLIEHKY Hay4HOW LIEHHOCTU U1
OpUrMHaNbLHOCTN PYKOMUCHK.

PeLieH3eHTbI, paccmaTtprBasi paboTbl OLEHUBAKOT COOTBETCTBME COAEPXKAHUS CTaTby
C npodwmnem xypHana «BoeHHO-mexHuU4YecKuli 8eCMHUK», PeneBaHTHOCTb Uccneayemoin
o6nacT 1 NPUMEHEHHbIX METOA0B, OPUMMHASNBHOCTL Y HAYYHYHO 3HAYMMOCTb PE3YNbTaToB,
npeacTaBleHHbIX B PYKOMUCK, CTUIIb HAYYHOTO W3MOXEHMS, a TakkKe MCMNONb30BaHWE B
TEKCTe HayyHoro arnnapata. PeueHsuss pgomkHa ObiTb BbINOMHEHA B CTAHOAPTHOM
cdopmate, BKIHOYAKOLWEM OLEHKU OTAENbHbIX acnekTtoB paboTbl, OOy OLEHKY WU
3aKMYMTENBHY pekoMeHaaumio. JInyHasa KpuTrka aBTopa Hegonyctuma.

Y peueHseHTa He [OMKHO OblTb KOHMNMKTa WHTEPECOB C aBTopamy Wnu
opraHusaumen, uHaHcupylowen uccnegosaHue. [lpy Hanuuuu Takoro KOHMNMKTa
peLeH3eHT 00513aH CBOEBPEMEHHO CooOWMTE 06 3TOM pepakTopy. PeueH3eHT MoxeT
BbIMNOSIHATL OLIEHKY TOMbKO TEX PYKOMUCEN, KOTOPbIE COOTBETCTBYIOT €ro 06racTi Hay4HbIX
1 NpodeccuoHasnbHbIX UHTEPECOB, B KOTOPOM OH CUMTAETCS SKCMNEPTOM.

PeueH3eHTbl 00s3aHbl yBEeAOMMATbL [MABHOrO pefaktopa B Cryyae, €Ccnv OHu
00OCHOBaHHO MOAO3PEBAKT WIU, €CMM OHU BbISBUIIN HApYLUEHUs STUYECKUX HOPM B
pyKonucu.

PeLieH3eHTbl 00513aHbl OAEHTUPULMPOBATE PEneBaHTHbIE CyLLEeCTBYOLLME paboThbl,
KOTopble aBTop He uutupoBan. [lo nwobomy oOlWeMy CBeOEHWIO WU  apryMeHTy
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npuBedeHHbIM B paboTe [OOmkHbl ObiTb  yKa3aHbl COOTBETCTBYIOLUME  WUCTOYHMKM
unTnpoBaHus. PeLieH3eHT 06593aH 0bpaTuTb BHUMaHWe peaaktopa Ha 3HadMMble CXOACTBa
pabotbl C ApyrMMmu onybnukoBaHHbIMM paboTamu, B crydae ecnum Takoe Oyger
obHapyxeHo. Take peueH3eHTbl A0MMKHbI PEKOMEHA0BATh PErieBaHTHbIe UCTOYHMKW Anst
UMTUPOBaHWNS, KOTOopble He Obinnm y4yTeHbl B pabote. OpgHako OHWM He Bnpase
HeobocHOBaHHO TpeboBaTb OT aBTOPOB LIMTUPOBaHWUA paboT, onybrnmMkoBaHHbIX B XXypHane
«Bo€HHO-mexXHUYeCKUl 8€CMHUK» UM CBOUX COBCTBEHHbIX paboT.

PeLieH3eHTbl OKa3biBalOT COAENCTBME B YIyYLIEHWW KavecTBa PYKOMUCKM CBOMMM
npeanoXeHUsaMy U pekomeHaauusmn. Ecnm oHn cuntarot, 4To paboTy MOXHO Ny6nukoBaTb
TOMbKO MOCME BHECEHWS OMnpeaeNieHHbIX MCMPaBieHUA, TO OHM 00513aHbl yKasaTb Kakum
MMeHHO 06pa3om 3To nydlle caenatb.

Pykonucn, npencraBneHHble  pELEH3EHTY, CUMTalTCa  KOHbmaeHumansHbIM
OOKyMeHTOM. PeueH3eHTbl He BnpaBe WUCMNOMNb3oBaTb MaTtepuanbl PYKOMUMCEN B CBOMX
COBCTBEHHbIX MCCneqoBaHMaX 6e3 MMCbMEHHOro corracusi asTopa.

Pepakums xypHana «BoeHHO-mexHuUYyecKkuli 8eCMHUK» NPU3biBaeT peLeH3eHTOB
NnoaTBepXdaTb CBOM peELeH3MM Ha CBOell nn4YHoW cTpaHuue B 6ase Publons B
COOTBETCTBUM C  MHCTPYKUMAMMW, OMyOGNMKOBaHHbIMM  Ha CcTpaHuuax Beb-cawTa:
Mpurnalenve Ans peLeH3eHTOB M aBTOPOB U MHCTPYKLMSA No pernctpauum B Publons.

Monutnka xypHana «BoeHHO-MexHUYeCKUll 8€CMHUK» OTHOCUTENBHO pPEeLIEH3WN,
noaTeepxaeHHas B Publons:

- obecneunBaeT NybnMYHbIN JOCTYN K peueHsnrM (HO Tombko nocne nybnuvkaumu
cTatbu),

- MO3BOMSIET peueH3eHTaM oTobpaxaTb 3arofloBOK peleH3VpyeMoln cTtatbu (HO
TOMbKO Nnocne nyénukauuy ctaTbm)

B COOTBETCTBUM C pekomeHaaumsamm Publons.

Mepbl, AeATenbLHOCTb, NpaBa U 00A3aHHOCTM aBTOPOB, NYOGNUKYHOLWMXCA B
XypHane «BoeHHO-mexHuU4YecKuli eCMHUK»

Mpn nopave pykonucu B XypHan «BOeHHO-mMexHUYecKull BeCmHUK» aBTop
rapaHTUpyeT, 4YTO PYKOMUCb SIBMSIETCA OpUrMHanbHOW paboTol, koTopas He Obina
onybrnvukoBaHa paHee M He paccmaTpuBaeTcs K nybnukaumm B Apyrux magaTenbcrBax.
[ybnupoBaHne OQHOM M TOW Xe CTaTbW SABMAETCH HapylleHWEeM 3TUYECKOro Kogekca,
COOTBETCTBEHHO nNpu OOHapyxeHun AybnupoBaHua asBTopy OydeT oOTkasaHo B ee
nyoénukaumm.

ABTOpbI HECYT OTBETCTBEHHOCTb 3a NOSMHOE coAepXaHue cBoew pykonucu. Pykonuce
He JOoMmKHa codepxaTb He0BOCHOBaHHBLIX UMM NPOTUBOPEYALLMX 3aKOHY BbiCKa3biBaHUA, a
TaKKe He JorMKHa HapyLwaTb Npasa Apyrvx nu.

ABTOpbl  [OMKHBbI yKasaTb WMMEHa, OT4yecTBa, amunMum BCeX COaBTOPOB,
OENCTBUTENBHO YyYacTBYOLMX B NPOLECCEe NCCreA0BaHNA N BHECLUUX BKITad B coaepxaHue
pykonucy. Ecnn B BaxHbIX acnektax MccreaoBaTenbCkoro npoekTa U noarotoBke paboTol
y4acTBOBanv v apyrve nviua Heobxogmmo onucaTtb UX BKMag B CHOCKE WU B OTAEMbHOM
npumedanun (bnarogapHoctb, Acknowledgements).

B npumevaHunn Takke OOMKHbI OblTb yKa3aHbl Ha3BaHvWe M KOJOBbLIN HOMEpP HayyHo-
nccreqoBaTenbCckoro MpoekTa, B paMKkax KOToporo 6Obina HamucaHa craTbs, a Takke
NONHOE HasBaHWe YyypexaeHus/opraHm3aumm, okasaslUed (PUHAHCOBYIO MNOAAEPXKY B
OCyLLleCTBNEeHNn nccreaoBanms. B cnyyae, ecnu gaHHoe nccnegoBaHue paHee yxxe Obino
npeacTaBreHo B YCTHOW chopme, Hanpumep, Ha KoHdepeHUmm1, B MpyMeYaHum Heobxoaumo
yKkasaTb Ha3BaHue KOHdEepeHUMM 1 NpoYne AaHHbIE.

ABTOpbl 0053aHbl MPaBWMBHO WM MOMHOCTLIO  LUTUPOBaTb WCTOYHMKKM, KOTOPblE
oKasanu 3HaunTenbHoe BMNUSIHWE Ha COAepXaHue UCCNeaoBaHna U pykonucu. dparmeHThbl
PYKOMMCHW, BKIlOYAs TEKCT, YPaBHEHWS, PUCYHKW, rpadmkm 1 Tabnuubl, HenocpeacTBEHHO
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B3ATble M3 paboT [OpyrMx aBTOpOB, AOMKHbI ObiTb HarMAAHO BblAEneHbl, Hanpuvep,
KaBblYkaMil C TOYHOW CCbINIKOW Ha MEepPBOMCTOYHMK (HOMep cTpaHuubl). Ecnu npegmet
LMTUPOBAHWS ANUHHLIN, TO ero cnegyeT ohopMUTb OTAENbHbIM ab3aLem.

MogpobHas nHMopMaLmUs O CCbinkax B TeKCTe (UMTUpoBaHue) AormkHa ObiTb yKadaHa
B oTtgenbHoMm pasgene (Nlutepatypa) B COOTBETCTBUMM CO CTUMEM LMUTUPOBAHUS,
ncnosnb3yembiM XypHanom «BoeHHo-mexHudeckul eecmHuk» (Harvard Style Manuel). B
pasgene «Jlutepatypa» criedyeT ykasbiBaTb He BCE WCTOYHMKM, UCMOMb30BaHHbIE MpU
MOAroTOBKE PYKOMUCH, @ TOMbKO LIMTMpYEMbIE.

ABTOpbl 00f3aHbl He3ameanuUTenbHO YBEAOMWTb [MABHOMO pepdaktopa (Mnu
pedakumio XypHana «BoeHHO-mexHUYecKul 8ecmHUK») W COOeNcTBOBaTb pedakuumn B
npouecce OT3blBa WM UCMpaBneHus owmnbok, B criydae ecnv nocrne nybnukauum crtatbu
nvm Bbina obHapyxeHa rpybas owmbka B ee cogepxaHuu.

ABTOpbI 0065A3aHbI yKkasaTb B PyKOMUCK, €Cnn CylecTByeT (OUHAHCOBLIN unu nobon
OPYron  KOH(PIMKT UWHTEpPEeCcOB, KOTOPbIM MOXET MOBMMUSATb Ha pe3ynbTatbl UMK
WHTeprpeTaumio pesynbTaToB UCCneaoBaHNs.

Ecnu nccneposaHue CBA3AHO C XMMWYECKUMUW BeLLECTBaMW, BUAAMMN OeSATENbHOCTU
nmnm obopyaoBaHWeM, NPeAcTaBnsAoWMMN Yrpo3y 340POBbLI0 NOAEN UMW KUBOTHBIX, 3TO
[OIMKHO BbITb YETKO YKa3aHO B PYKOMMCH.

Mpn nogaye pykonucu aBTOPbI cornallalTcs cobnogate peaakuMOHHY NOMUTUKY
XypHana «BoeHHO-mexHuUYecKull 8eCcmHuUK», NOATBEPAMB CBOE COrmacue C yCrnoBUSMU
peaakuMOHHOM MNONUTUKM XypHana npeaocTasneHmeM ABTOPCKOro 3asiBNEeHWS.

PaspelueHune CNOpHLIX CUTyauMit

JTo6oe nuuo nubo yypexaeHve BrnpaBe B MO0 MOMEHT NpeabsBUTb NPETEH3U0
penakTopy WUnu Peakonnerum B CBSA3WU C HapyLLEHUEM STUYECKUX CTaHOapTOB, NMOAKPENWB
ee [OCTOBEpHbIMM [oKasaTenbcTBaMu. 1o MOnyyYyeHWM npeTeH3uu, NOAKPensieHHON
JoKasaTenbCTBaMK, peaakuMoHHas KOMUCCHs NpoBedAeT paccrefoBaHWe B COOTBETCTBUM
CO CreAyHLMMI NPUHLMNAMMU:

- IMaBHbIV peaakTop NPUHMMAaET peLleHre O NPOBEAEHUN paccriefoBaHus;

- B Mpouecce MpoOBepkM [oKkasaTenbCTB BCe MaTtepuanbl  cuuTatoTcs
KOHUAeHUManbHbIMM 1 ByayT npedocTaBreHbl  TOMbKO TeM  fvuaM,  KoTopble
HernocpeACTBEHHO NPUYACTHBI K NPOLECCY NPOBEPKY;

- Nnogo3peBaeMbiM NuLaM B HapyLlleHWW 3TUYeckux HopM OyaeT npedocTaBneHa
BO3MOXHOCTb OTBETUTL Ha BbIABUHYTOE NPOTUB HUX OOBUHEHME;

- €CNM YCTaHOBMEHO, YTO HapylUeHWe AeWCTBUTENbHO MPOM3OLLNO, OLEHMBaETCS
CTeneHb TSHKECTU HapyLUEHUSI 3TUHECKMX HOPM.

B cnyyae Herpyboro HapyweHnusi (6e3 yrposbl penytaumm >xypHana ,BoeHHo-
mexHU4YecKkull 8ecmHuK”), Hanpumep, B Crly4ae HENpaBUSIbHOrO TONKOBAHUSA WK
NpUMeHeHNs NybnMKaumMoHHbIX CTaHAaPTOB, peAakumsa Hanpsimyto 6e3 CoaencTBUS TPETbUX
nuu, obpallaeTcs K HapyLmUTeno cneayrowmm obpasom:

- aBTOpy/peLeH3eHTy,  OOoMycTMBLIEMY  OLWWOKy/HapylleHWe  HanpaBnsieTcs
NMCbMEHHOE NpeaynpexaeHue;

- nybnukyeTcs yBedoMIieHMe 006 WCNpaBneHuu, Hanpumep, €cnu  UCTOYHKK,
UMTUPYEMBIV B TEKCTE CTaTbW HE BHECEH B CMMCOK NUTEpaTypbl;

- nybnukyeTcsa ncnpasneHne ownbkn, B cnyyae ecny owmnbka npousoLuna rno BUHE
penakumm.

B cny4yae rpy6oro HapyweHna 3TUYeCKMX HOpPpM peakuna npuHMMaeT pelleHune o
JanbHenwmx Mmepax:
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- nybnvkyeTca oTAenbHas 3amMeTKa WUNM CTaTbsd pefakTopa C OnuMcaHueM cryyas
HapyLleHNs 3TUYECKNX CTaHOAPTOB;

- HanpaBnseT odvumnanbHoe yBeAOMITEHNE PYKOBOAUTENSIM YYPEXAEHUS, B KOTOPOM
paboTaeT aBTOp/pEeLEH3EHT;

- pegakuus Npon3BoauT OT3bIB ONyGNNMKOBAHHOW CTaTbW;

- pegakums obbsaBNseT 3anpeT K nybnukauum aBTopa/peLieH3eHTa Ha onpeaeneHHbIn
CpOK;

- MHOPMUPYET  COOTBETCTBYHOLUME  NpPOdeCcCrOoHarbHble  OpraHusauum U
KOMMETEHTHbIE YYpeXOEeHWs O Ccryyae, B Lensax MpUBIEYEHNs HapywuTens K
OTBETCTBEHHOCTH.

Pepakuusi BnpaBe npegnpuvHUMaTb Mepbl OOHOBPEMEHHO WM MOOYEPESHO MO
oTAenbHOCTM. B npouecce paspelleHvs gena no mepe HeobxooMMoCT MPOBOAATCH
KOHCYnbTaLMM C COOTBETCTBYIOLUMMW 3KCMEPTHBIMM OpraHn3auusiMi, opraHamy unu
nmuamu.

Mpn paspelleHun CMOpHbIX CUTyauuii pedakuusi XypHana pyKOBOACTBYETCS
npeannucaHnaMm n MHCTpykumsmm Komuteta no atuke HayyHbix nybnvkaumin (COPE).

OTKa3 OT OTBETCTBEHHOCTU

BbIHOCUMbIE MOMOXEHUSI B OMYGIMKOBAHHBLIX CTaTbsiX HE OTPaXalT TOUKY 3PEHUS
penakTopa, pedKkonnerMm M peaakuMOHHOrO CoBeTa XypHamna «BoeHHO-mexHUYecKul
8eCmHuUK». ABTOpbl HECYT OpPUOMYECKYID W MoparnbHyld OTBETCTBEHHOCTb 3a
NpeAcTaBneHHble B CBOVX paboTax uaew. Pefakums He HECeT HUKaKoWM OTBETCTBEHHOCTU B
crfiyyae BO3HWMKHOBEHWS TpebGoBaHW MO BO3MELLUEHWIO MaTepuanbHoro yuiepba u
B3bICKaHWIO KOMMeHcaLmy MopansHOro Bpeaa.

Peknama
Peknama B xxypHane «BoeHHO-mexHU4YecKull 6CMHUK» He A0MNyCKaeTCs.

Bbonee nodpobHo ¢ uHghopmayueli 06 dmuyeckom Kodekce XypHara « BoeHHo-
MEeXHUYECKUU 8€CMHUK» MOXHO 03HaKOMUMbLCS Ha UHMePHem-cmpaHuuax XypHana:
PedakyuoHHas nonumuka, YnpaeneHue kayecmeom xypHana, [loddepxka
kayecmey pabom Ha calime Cepbckoeo uHOeKca Hay4yHO20 UumupoeaHusi, 8 base
KomopoU XypHar «BoeHHO-mexXHUYeCcKUl 8€CMHUK» Mepe8uYyHO UHOEKCUpyemcs.
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STATEMENT OF THE MILITARY TECHNICAL COURIER ON ETHICAL
CONDUCT

NOTE: The editorial policy of the Military Technical Courier is based on the COPE
Core Practices, common COPE, DOAJ, OASPA and WAME Principles of Transparency
and Best Practice in Scholarly Publishing as well as on the best accepted practices in
scientific publishing. The Military Technical Courier has been a COPE (Committee on
Publication Ethics) member since 2nd May 2018 and a member of OASPA (Open Access
Scholarly Publishers Association) since 27th November 2015. The editorial office applies
Checklist for open access publishers on implementing the UNESCO Recommendation on
Open Science. This document is part of the UNESCO Open Science Toolkit, designed to
support implementation of the UNESCO Recommendation on Open Science. It has been
produced in partnership with OASPA.

The main scope of the Military Technical Courier scientific journal is publishing
scientific articles after peer reviewing. In the editing process leading to publishing scientific
articles, it is necessary to reach an agreement on ethical principles in the behavior of all
parties involved (Editorial Office i.e. Editor, members of the Editorial Board, reviewers, and
authors alike). The aforementioned principles and practices are defined by this Statement of
the Military Technical Courier on Ethical Conduct.

Measures, activities, responsibilities, and duties of the Military Technical
Courier Editorial Office

The Editorial Office of the Military Technical Courier does not charge for submitting
manuscripts from their authors nor from third parties. The whole process of processing and
publishing is completely free of charge for authors — from the manuscript submission
services through processing to the article publishing services. There are no hidden costs
whatsoever.

The Editorial Office decides finally which manuscripts are to be published. Decisions
are based only on manuscript values. In making decisions, there is no discrimination on the
basis of race, sex/gender, religion, ethnic origin or political beliefs. In making decisions, the
Editorial Office is guided by the Journal’s policy, complying with legal regulations dealing
with libel, copyright infringement and plagiarism.

Manuscripts are kept as confidential material. No information and/or ideas from
manuscripts are to be used for private purposes without authors’ explicit consent in writing.

In its work, following the recommendations of the Centre for Evaluation in Education
and Science (CEON/CEES), the Editorial Office uses the Serbian Citation Index (SCindeks)
ASSISTANT electronic editing system which provides full transparency of the publishing
process (developed on the basis of the OJS platform) while being fully responsible for
accepting and publishing articles.

The editing process in the Military Technical Courier consists of the following steps of
the Editorial Office:

1. After receiving manuscripts, the Office asks the authors to fill in the Authorship
Statement in which they: specify their contribution to the manuscript; confirm that they are
familiar with the Journal’s policy regarding the retraction of already published articles;
confirm that the submitted manuscript is an original paper written and signed by its authors,
not previously published, not considered for publication elsewhere and not concurrently sent
for review to other journals; confirm that the manuscript and the additional material contain
neither any false statements that could be considered defamation, any false claims nor
material that in any way endangers personal or property rights of natural or legal persons;
confirm that they do not have a conflict of interest that could cast doubt on the article’s
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integrity and the credibility of the results published in it; confirm that they have obtained
permission from copyright holders to use all content from copyright-protected works and
other copyright-protected material used in the manuscript; and confirm that they have
acknowledged the sources in the manuscript and supplementary material.

2. Before the Editor attends to the manuscript, the Editorial Office checks the
manuscript content for plagiarism in order to establish the originality of submitted papers
and prevent plagiarism and duplication. The Military Technical Courier does not publish
plagiarized papers. The Editorial Office is of the opinion that plagiarism i.e. using another’s
ideas, words or other creative ways of contributing without acknowledging their source and
presenting them as one’s own is serious violation of research and publication ethics.
Plagiarism may also involve copyright infringement which is violation of law.

Plagiarism involves:

- Verbatim or nearly verbatim copying or paraphrasing parts of other authors’ texts
without clear citing of the source purposefully, in order to hide the source;

- Copying equations, data or graphical presentations from documents of others
without clearly acknowledging the source and/or without the authorization of the original
author or copyright holder;

A manuscript showing obvious signs of plagiarism is rejected automatically. In case
plagiarism is found in an already published article, the article is revoked (retracted) following
the procedure given in point 6.

In order to prevent plagiarism, the Journal uses the iThenticate/CrossRef system
within the SCindeks Assistant service for checking manuscripts. The results obtained by
such checking are verified by the Editorial Office in accordance with the COPE guidelines
and recommendations.

3. After being checked for plagiarism, a manuscript is dealt with by the Editor who
continues the publishing process by choosing peer reviewers. Neither the Editorial Team
nor the Editor in charge of the particular manuscript are allowed to be in a conflict of interest
in the case of the manuscript in question.

If there is a conflict of interest, it is up to the Editorial Board to decide on peer
reviewers and further actions regarding the manuscript. The Editorial Board members who
might be in a conflict of interest are also excluded from the decision-making process in the
case of the manuscript in question.

4. Manuscripts are sent to reviewers only after the initial assessment stating that,
based on their form and content scope, they are eligible for publication in the Military
Technical Courier. Special care is taken that the initial assessment does not last longer than
necessary.

The Military Technical Courier makes use of double-blind peer review of all papers.

It is mandatory for the Editor-in-Chief and the Editorial Team members to take
appropriate measures that authors and reviewers remain anonymous to each other during
and after the reviewing process, in accordance with the double-blind peer review method.
The Editorial Team of the Military Technical Courier can give information on the submitted
manuscript only to the author, reviewers or potential reviewers if necessary.

Every manuscript has to be reviewed by at least two reviewers who are not aware of
each other's identity and who review the manuscript independently of each other.
Reviewers are chosen solely based on whether they have relevant knowledge for the
particular paper review. They must not have the same affiliation as the paper author(s) and
they are not allowed to have been co-authors with them in the recent past. Possible
suggestions of manuscript authors on engaging particular reviewers are not accepted.
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The purpose of a review is to help the Editorial Team make a decision whether the
paper should be accepted or rejected and to improve the quality of the manuscript through
the process of communication with the Editor, authors and other reviewers. During the
reviewing process, the Editor-in-Chief may ask the author to submit additional information,
including raw data, if it is necessary for assessing the manuscript. The Editor and the
reviewers should treat such information as confidential and should not use it for any other
purpose.

The reviewing process usually lasts for four weeks maximum, and only exceptionally
up to three months. The period of time from the manuscript submission to its publishing is
approximately 90 days.

If authors have some serious and justifiable concern with reviews, the Office checks
whether the reviews in question are objective and of academic standard. If the objectivity or
quality of these reviews are questionable, the Editor engages additional peer reviewers.

Additional reviewers are also engaged when the decisions of the assigned reviewers
are contradictory (accept/reject) or somehow incompatible.

The final decision on the acceptance of a manuscript for publication is made
exclusively by the Editorial Team.

5. In extreme cases, especially when the choice of journals is limited due to the
paper’s narrow subject field, it is acceptable that the members of the Editorial Team of the
Military Technical Courier may also be authors of scientific articles published in it. However,
in this case, the Editorial Team ensures that the double-blind review process is even more
transparent and more rigorous. This means that the Editorial Office will make every effort to
maintain the integrity of the review and to minimize any bias by having another associate
editor handle the review procedure independently of the editor — author in a completely
transparent process. The Editorial Team will take special care that a reviewer does not
recognize the author’s identity. As an extra precaution, if and when such an article is
published, the Editorial Team may accompany the article with a note about a high level of
transparency of the editing and reviewing processes in question.

6. In case of the violation of the rights of the Military Technical Courier, copyright
holders or authors as well as in case of multiple publication, fake authorship, plagiarism,
data manipulation or any other malpractice, the published article must be retracted.

Articles can also be retracted for correcting numerous and/or fundamental flaws which
cannot be dealt with by post-publication corrections. Retractions are issued by the Editorial
Team, the author(s) or by both parties based on mutual agreement.

A retraction notice has a form of a separate paper listed in the Contents of an issue,
classified as “Retraction”.

Retractions are published in accordance with the COPE Guidelines elaborated by the
CEONI/CEES in its database where the Military Technical Courier is primarily indexed.

The CEON/CEES publishes the national citation index where the metadata of
retraction notices and related retracted articles must be clearly and appropriately marked
and mutually cross-linked. An electronic version of the original article (the one being
retracted) is provided with a HTML link to the retraction notice. Retracted articles are
retained in their original form but with a watermark on each page of the PDF document
indicating that the article in question is RETRACTED.

7. The Editorial Office is open to academic, scientifically based, collegial and
productive exchange of opinions and critiques as well as for expressing possible
disagreements regarding the results in articles published in the Military Technical Courier by
enabling polemics and reactions to be published in the Journal’s section “Letters to the
Editor”.
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Measures, activities, responsibilities, and duties of the Military Technical
Courier reviewers

Reviewers are required to assess the scientific and professional values of
manuscripts in a qualified and timely manner. They have to focus especially on the genuine
contribution and originality of manuscripts. A review should be completely unbiased and the
reviewer's assessment unambiguous and backed with arguments.

Reviewers assess manuscripts with regard to the compliance of the content with the
Journal's character, importance and effectiveness of the content, convenience of the
methods applied, scientific value of the presented information as well as with regard to the
style, tone and form of the text. A review has a standard form which comprises assessment
of particular elements of a manuscript, general assessment and final recommendation.
Personal criticism of the author is unacceptable.

Reviewers must not be in a conflict of interest with authors or research funders. If
such a conflict exists, the reviewer is obliged to inform the Editor about it in due time.
Reviewers should not accept to review papers out of the scope of their full competence.

They should notify the Editor-in-Chief if they have a reasonable doubt about the
author violating ethical standards. A duty of reviewers is to call to the editor's attention any
substantial similarity or overlap between the manuscript under consideration and any other
published paper of which they have personal knowledge. Also, hey should recognize
relevant sources which have not been taken into account in the manuscript. They may
recommend citing particular references but must not insist on citing articles published in the
Military Technical Courier or their own papers if there is no justification for doing so.

Their suggestions should aim at improving the manuscript’'s quality. If they conclude
the paper deserves to be published but with corrections, they are required to provide
detailed instructions.

Manuscripts sent to reviewers must be treated as confidential documents. The
material from manuscripts must not be used for reviewers’ own research without the
author’s explicit consent in writing.

The Editorial Office of The Military Technical Courier encourages reviewers to verify
their reviews on their personal profile pages in the Publons base in accordance with the
instructions on the website page: Call and instructions to reviewers for the registration in
Publons.

The reviewing policy of the Military Technical Courier, verified in Publons:

- allows visibility of the review in public (only after the article has been published),

- shows titles of reviewed articles to reviewers (only after the article has been
published),

in accordance with the guidelines of Publons.

Measures, activities, responsibilities and duties of the Military Technical
Courier authors

Authors undertake that the manuscripts are their original contribution, that they have
not been published before, and that they are not considered for publication elsewhere.

Parallel submission represents violation of ethical codes which eliminates the
manuscript in question from being further considered for publication in the Military Technical
Courier. A paper already published elsewhere cannot be published in the Military Technical
Courier.

Authors are fully responsible for the complete content of their manuscripts. The
manuscript should not contain unfunded or illegal statements nor infringe on the rights of
others.
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Authors are required to make sure that their team mentioned in the manuscript
consisits only of individuals whose contribution to the content of the manuscript is
significant. If there were other individuals who participated in some other important
moments of the research project or in the manuscript preparation, their contribution is to be
mentioned in a footnote or in a separate note (Acknowledgement).

The name and the code number of the research project from which the paper
originates must be given in a note, as well as the full name of the funding institution. In case
the paper has been presented orally elsewhere with the same title or a similar one, the
details of such a communication have to be metioned in a note as well.

Authors’ duty is to correctly and completely quote the sources which had a significant
influence on the content of the research and the manuscript. Fragments of the manuscript,
including the text, equations, graphical presentations, figures and tables, directly included
from the works of others, must be clearly marked e.g. by quotation marks with a precise
reference to the original source (page number) or in a separate paragraph if they are bigger
in size.

Full references of all citations in the main text must be given in a separate section
(References) in a uniform way, complying with the citation style used in the Military
Technical Courier (Harvard Style Manual). The Reference Section contains only the cited
sources, not all sources used in the preparation of the manuscript.

In case authors find an error in their article after its publication, they are obliged to
promptly notify the Editor-in-Chief (or the Editorial Office) and cooperate in the process of
retracting or correcting the article.

Authors are under the obligation to declare in their manuscript whether there is a
financial or any other conflict of interest that may influence the results or interpretations of
the results.

If the research involves chemicals, activities or equipment posing risk to the health of
humans or animals, this must be clearly stated in the manuscript.

When submitting their manuscript, authors agree to comply with the editorial policy of
the Military Technical Courier and they confirm such compliance by submitting the
Authorship Statement.

Handling allegations of misconduct

Any individual or institution may notify the Editor and/or Editorial Team of ethical
malpractice and other misconduct by supplying undisputed information/evidence to start an
enquiry. The procedure for investigating the case raised with the supplied evidence is as
follows:

- Editor-in-Chief determines to start investigation;

- all evidence is considered confidential during investigation and is available only to
those directly involved in the case;

- individuals suspected of ethical breaches are given a chance to respond to the
allegations;

- if a misconduct is confirmed, it is further established whether there is a minor or a
major violation of publication ethics.

Minor issues not affecting either the integrity of the paper or that of the Journal, e.g.
misunderstanding or misapplication of publication standards, are dealt with by directly
communicating authors and reviewers, without third parties involved, in one of the following
ways:

- authors and/or reviewers are sent a letter of warning;

- a correction notice is published, e.g. when a source, otherwise properly cited within
the main text, has been omitted from the Reference List;
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- an erratum is published, e.g. when an error is made by the Editorial staff.

Serious, major violations of the ethical code may lead to different measures:

- a separate note or a leading article is published, describing the case;

- afilliate institution of the author/reviewer is officially notified;

- the published article is retracted,;

- publishing in the Journal is prohibited for a defined period of time;

- relevant organisations and regulatory bodies are informed about the case for taking
course of actions within their competence.

These measures may be taken separately or jointly. In the process of handling the
case, relevant expert organisations, bodies or individuals are consulted when necessary.

In resolving ethically controversial issues, the Editorial Team follows the guidelines of
the Committee on Publication Ethics (COPE).

Disclaimer

The views in the published articles do not represent the views of the Editor, the
Editorial Office, the Editorial Team or the Editorial Board of the Military Technical Courier
journal. Authors take full legal and moral responsibility for the information and opinions
expressed in their articles. The publisher will not be held liable in any way for any claims or
damages.

Advertising
Advertising in the Military Technical Courier is not permitted.

Details on the ethical conduct of the Military Technical Courier are also available on
the Journal pages: Publication Policy, Journal Quality Management and Article
Quality Support via the website of the Serbian Citation Index (SCindex) — publisher of
the national citation index, i.e. publisher of the base in which the Military Technical
Courier is primarily indexed.

219

IZJAVA O ETICKOM POSTUPANJU / STUYECKIN KOOEKC / PUBLICATION ETHICS STATEMENT, pp.201-219



JINKOBHO-rpadnykm ypeaHuk
Mapuja Mapuh, e-mail: marija.maric@mod.gov.rs

JlekTop

Ho6puna Munetuh, e-mail: miletic.dobrila@gmail.com
MpeBoa Ha eHrnecku

JacHa Buwmsuh, e-mail: jasnavisnjic@yahoo.com
MpeBoa Ha pycku

Ip Kapura AsarjaH, e-mail: karinka2576 @mail.ru

CIP — Katanorusauuja y nyénukaumju
HapogHa 6ubnunoteka Cpbuje, beorpaa

623+355/359

BOJHOTEXHWYKMU riacHuK : HAy4HH Yyacomuc MUHHCTapCcTBa 00paHe

u Bojcke CpOuje = BoeHHO-TeXHUUECKUI BECTHHK | HAyYHBIH JKypHAI

MunucrepctBa 060poHs! 1 Boopyx€HHbIX cnit PecrryOmuku Cepoust =

Military Technical Courier : scientific Journal of the Ministry of Defence and the Serbian
Armed Forces / rmaBHE 1 0AroBOpHU ypeaHuk [paran [Tamyuap. -

Ton. 1, 6p. 1 (1. jan. 1953)- . - Beorpan : YHuBep3urer ondpane y beorpany,

Bojna akamemuja, 1953-  (Beorpax : Bojua mrrammapuja). - 23 ¢m

TpomeceuHo. - TekcT Ha CpII., pyc. H eHIL. je3uKy. - Jpyro nsname

Ha apyrom meaujymy: Vojnotehni¢ki glasnik (Online) = ISSN 2217-4753
ISSN 0042-8469 = BojHOTEXHUYKH TTIACHUK

COBISS.SR-ID 4423938

Llena: 600,00 anHapa

Twupax: 100 npumepaka

Ha ocHoBy MuLibewa MuHuctapcTBa 3a Hayky, TeXHonorujy n passoj Penybnuke
Cpbuje, 6poj 413-00-1201/2001-01 oa 12. 9. 2001. roauHe,

yaconuc ,BojHoTexHMYKM rmacHuK” je nybnuvkaumja of nocebHOr nHTepeca 3a Hayky.
YOK: HapogHa 6ubnuoteka Cpbuje, bBeorpag

Anpeca pepakuyje: BojHOTEXHWNYKM IMACHUK,

Berbka Jlykuha Kypjaka 33, 11042 Beorpag

http://www.vtg.mod.gov.rs

http://aseestant.ceon.rs/index.php/vtg/issue/current
http://scindeks.nb.rs/journaldetails.aspx?issn=0042-8469
https://lwww.redalyc.org/revista.oa?id=6617

http://elibrary.ruftitle_about.asp?id=53280

https://doaj.org/toc/2217-4753

BojHomexHuy4Ku enacHuk je nuueHumpaH kog EBSCO Publishing-a.

KomnnetaH TekcT BojHomexHUYKoe enacHUKa JocTynaH je y 6asama nogataka EBSCO Publi-
shing-a.

e-mail: vojnotehnicki.glasnik@mod.gov.rs

Twitter: @MilTechCourier

lMpetnnara Ha WramnaHo n3aawe: e-mail: vojnotehnicki.glasnik@mod.gov.rs; Ten. 066/87-00-123.
Yaconwuc nanasm TpomMmeceyHo.

MpBu wramnaxu 6poj BojHomexHu4ykoe enacHuka objasroeH je 1. 1. 1953. rognHe.

MpBO enekTpoHcko uspawe BojHomexHuuykoe enacHuka Ha WHTepHeTy objaBrbeHo je 1. 1.
2011. roguHe.

Wramna: BojHa wramnapuja — bBeorpag, Pecascka 406, e-mail: vojna.stamparija@mod.gov.rs



Xy[oXeCTBeHHbIN peaakTop
Mapusi Mapuud, e-mail: marija.maric@mod.gov.rs

KoppekTop
Ho6puna Munetuy, e-mail: miletic.dobrila@gmail.com

[MepeBoa Ha aHrMUNCKUIA A3bIK
SHcHa BuwHud, e-mail: jasnavisnjic@yahoo.com

MepeBoa Ha pycckuin A3bIK
[O.cdunon.H. Kapuna KapeHosHa AsarsH, e-mail: karinka2576@mail.ru

CIP — Katanorusauusa B nybnukauum
HaumnoHnanbHas 6ubnuoteka Cepbun, r. benrpag

623+355/359

BOJHOTEXHUWYKU rnacHuk : Hay4YHU Yyaconmuc MUHHUCTapCTBa OA0paHe

n Bojcke CpOuje = BoeHHO-TeXHUUECKHIT BECTHHK : HAyYHBIH Ky pHaI

MunuctepctBa 060pons! U Boopyxénnbix cun Pecrryommuku Cepbust =

Military Technical Courier : scientific Journal of the Ministry of Defence and the Serbian
Armed Forces / rmaBHU 1 0ar0BOpHU ypenuuk Jparan [Tamyuap. -

lox. 1, 6p. 1 (1. jan. 1953)- . - Beorpan : YHuBep3ureT ondpane y beorpany,

Bojna akanemuja, 1953-  (Beorpan : Bojua mrammnapuja). - 23 cm

TpomeceuHo. - TekcT Ha CpIL., pycC. U SHIIL. je3uKy. - [Ipyro usname

Ha apyroM meanjymy: Vojnotehnicki glasnik (Online) = ISSN 2217-4753
ISSN 0042-8469 = B0ojHOTEXHUYKH TTTACHUK

COBISS.SR-ID 4423938

Llena: 600,00 gnHapos

Twupax: 100 ak3emnnsapos

Ha ocHoBaHuu pelieHuss MuHuctepcTBa Hayku u TexHonoruii Pecnybnuvkm Cepbus,
Ne 413-00-1201/2001-01 o1 12. 9. 2001 roga, >xypHan «BoeHHO-TEXHUYECKMNIN BECTHUK»
06bABNEH n3gaHmem, MMeLWnM 0coboe 3Ha4YeHne AN HayKu.

Y[K: HaunoHanbHas 6ubnmnoteka Cepbuum, r. benrpag

Anpec pegakumu: BojHOTEXHUYKM TMACHWK,

¥Yn. Benbka Jlyknya Kypsika 33, 11042 benrpag, Pecnybnuka Cepbus
http://www.vtg.mod.gov.rs

http://aseestant.ceon.rs/index.php/vtg/issue/current
http://scindeks.nb.rs/journaldetails.aspx?issn=0042-8469
https://www.redalyc.org/revista.oa?id=6617

http://elibrary.ruftitle_about.asp?id=53280

https://doaj.org/toc/2217-4753

«BOEHHO-TEXHUYECKMI BECTHUK» BKItOYeH B cuctemy EBSCO. MNonHbIf TEKCT XypHana
«BOEHHO-TEXHNYECKNIN BECTHMK» MOXHO Hantu B 6a3ax gaHHeix EBSCO Publishing.
e-mail: vojnotehnicki.glasnik@mod.gov.rs

Twitter: @MilTechCourier

Moanwucka Ha neyaTHy Bepcuto XypHana: e-mail: vojnotehnicki.glasnik@mod.gov.rs;

Ten. +381 66 87 00 123.

XKypHan BbinyckaeTcs exekBapTanbHo.

MepBbln HOMEP XypHana «BoeHHO-TexHWYeCcKnn BeCTHUK» BbinyLleH 1.1.1953 roaa.
MNepBas anekTpoHHas BepCcusi XypHana pa3melleHa Ha MHTepHeT cTpaHuue 1.1.2011 roga.
Tunorpadcust: BojHa wramnapuja — benrpag, Pecaecka 406, e-mail: vojna.stamparija@mod.gov.rs


mailto:jasnavisnjic@yahoo.com

Graphic design editor
Marija Mari¢, e-mail: marija.maric@mod.gov.rs

Proofreader

Dobrila Mileti¢, e-mail: miletic.dobrila@gmail.com
English translation and polishing

Jasna Visniji¢, e-mail: jasnavisnjic@yahoo.com
Russian translation and polishing

Dr. Karina Avagyan, e-mail: karinka2576@mail.ru

CIP — Catalogisation in the publication
National Library of Serbia, Belgrade

623+355/359

BOJHOTEXHUWYKU rnacHuK : Hay4HU yacomuc MUHHCTapCTBa 00paHe

n Bojcke CpOuje = BoeHHO-TeXHUYECKHIT BECTHHK : HAyYHBIH Ky pHAI

MunuctepctBa 060pons! U Boopyxénnbix cun Pecrybnuku Cepbust =

Military Technical Courier : scientific Journal of the Ministry of Defence and the Serbian
Armed Forces / rmaBHU 1 oaroBOpHU ypeanuk Jparan [lamyuaap. -

lox. 1, 6p. 1 (1. jan. 1953)- . - Beorpan : YHuBep3ureT ondpane y beorpany,

Bojna akanemuja, 1953-  (Beorpan : Bojua mrammnapuja). - 23 cm

TpomeceuHo. - TekcT Ha cpIL., pyC. U SHIIL. je3uKy. - [Ipyro u3name

Ha apyroM Menujymy: Vojnotehnicki glasnik (Online) = ISSN 2217-4753
ISSN 0042-8469 = BojHOTEXHUYKH TTTACHHK

COBISS.SR-ID 4423938

Price: 600.00 RSD
Printed in 100 copies
According to the Opinion of the Ministry of Science and Technological Development

No 413-00-1201/2001-01 of 12t September 2001, the Military Technical Courier is a
publication of special interest for science.

UDC: National Library of Serbia, Belgrade

Address: Vojnotehnicki glasnik/Military Technical Courier,

Veljka Lukica Kurjaka 33, 11042 Belgrade, Republic of Serbia
http://www.vtg.mod.gov.rs/index-e.html
http://aseestant.ceon.rs/index.php/vtg/issue/current
http://scindeks.nb.rs/journaldetails.aspx?issn=0042-8469
https://lwww.redalyc.org/revista.oa?id=6617

http://elibrary.ruftitle_about.asp?id=53280

https://doaj.org/toc/2217-4753

Military Technical Courier has entered into an electronic licensing relationship with EBSCO
Publishing. The full text of Military Technical Courier can be found on EBSCO Publishing's
databases.

e-mail: vojnotehnicki.glasnik@mod.gov.rs

Twitter: @MilTechCourier

Subscription to print edition: e-mail: vojnotehnicki.glasnik@mod.gov.rs; Tel. +381 66 87 00 123.
The journal is published quarterly.

The first printed issue of the Military Technical Courier appeared on 1st January 1953.

The first electronic edition of the Military Technical Courier on the Internet appeared on 1st
January 2011.

Printed by Vojna Stamparija — Belgrade, Resavska 40b, e-mail: vojna.stamparija@mod.gov.rs


mailto:jasnavisnjic@yahoo.com

|
|
|
|




	00A Korice SRB
	00B Korice RUS
	00C Korice ENG
	01 Potkorice
	02 Prednji impresum FINAL
	03 Sadrzaj VTG 1-2023 CIR, RUS, ENG FINAL
	04 41411-Gutman FINAL
	05 41366-Satam FINAL
	06 41987-Bjelic FINAL
	07 40391-Nikezic FINAL
	08 39747-Zheng FINAL
	09 38164-Fabiano FINAL
	10 36914-Tuba FINAL
	11 40544-Milicevic FINAL
	12 42155-SNVO Vuckovic FINAL
	21 Poziv i uputstvo autorima FINAL
	22 Obavestenjе saradnicima i citaocima FINAL
	23 Spisak recenzenata-1-2023 FINAL
	24 Izjava o etickom postupanju FINAL
	26 Zadnji impresum FINAL

