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http://orcid.org/0000-0001-9334-9639,
— O-p Cans 1. Kopuua, YHuBepcuTeT «YHUOH — Hukona Tecnay, r. Benrpag, ©http://orcid.org/0000-0002-7915-9430,
— HayuHbliii coBeTHUK A-p AHHa KocToB, VIHCTUTYT ropHoro Aena v metannypruu, r. bop, ©http://orcid.org/0000-0003-1893-7187,
— [O-p Cnasonio6 C. Jekny, Benrpaackuin yHuBepcuteT, CenbcKoxo3ancTBEHHbIN dhakynbTeT, http:/orcid.org/0000-0002-4834-3550,
— [-p Bacunuin M. MaHoBuy, LieHTp ropeHus, cbopa n xpaHeHus yrnepoaa, YHusepcuteT KpaHoung,
r. Kpandung, Benunkobputanus, ©http://orcid.org/0000-0002-8377-7717,
— MNoanonkoBHuk A-p Apomup Mapec, YHuBepcuteT 060poHbI B I. BpHO, Yeluckas Pecnybnvika, ©http://orcid.org/0000-0002-1337-3821
— Akapemuik Mpagummp B. MunosaHosu4, Cepbekas akagemust Hayk, r. benrpag, ©http://orcid.org/0000-0002-3255-8127,
— [O-p Menymapmxu MNapateecam MypTxv, YHusepeuteT N'ypy MNxacnpac Buwsasuasinas, AenapTameHT pyHaameHTansHom n
npuKNagHo matematukm, r. bunacnyp, wr. YUxattvcrapx, MHaus, ©http://orcid.org/0000-0003-3745-4607,
— HayuHbin coBeTHuk a-p Mpeapar MNMeTpoBuy, YnpasnsoLwmii AUPEKTOP No BONpocaM nuccnegoBaTenbckux paboT
MHcTuTyTa TenekommyHukaumin n anektpoHunkun «IRITEL AD» r. Benrpag, ©http://orcid.org/0000-0002-0455-7506,
— Mpodeccop a-p Cnasko MNokopHu, Konneox MHMOPMaLMOHHBIX TEXHOMOMIA, KOMMBIOTEPHOTO AM3aiHa 1 COBPEMEHHOTO
6usHeca, r. benrpag, ©http://orcid.org/0000-0002-3173-597X,
— Mpodeccop a-p CtosH PageHoswy, Benrpaackuii yHuBepcuteTt, ®akynbTeT MallMHOCTPOEHUS,
http://orcid.org/0000-0001-8254-6688,
— Mpodeccop a-p AHgpest CamyoBuy, Benrpagckuii yHuBepeuteT, ®akynbTeT TpaHcnopTa, http://orcid.org/0000-0001-6432-2816,
— Mpodpeccop a-p Hukonait N. CuaHsie, MockoBckuid MocyaapcTBeHHbIN TexHnyeckuii YHuBepcuteT uM. H.Q. Baymana,
Mocksa, Poccuiickas ®enepaums, ©https://orcid.org/0000-0002-5722-4553,
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Anpec pepakummn: BOJHOTEXHUYKU TMACHWK, Yn. Benbka INykmya Kypsika 33, 11042 Benrpag,

Pecny6rmka Cepbus ~— . INDEXED IN a
http://www.vtg.mod.gov.rs gprocouhcmiensc aleMy MY A |
http://aseestant.ceon.rs/index.php/vtg/issue/current ' HYHAORIRCSANL.CS : R AD
http://scindeks.nb.rs/journaldetails.aspx?issn=0042-8469

http://elibrary.ru/title_about.asp?id=53280

https://doaj.org/toc/2217-4753

e-mail: vojnotehnicki.glasnik@mod.gov.rs

Moanucka Ha nevaTHyto Bepcuio XypHana: e-mail: vojnotehnicki.glasnik@mod.gov.rs; Ten. +381 66 87 00 123
lMpucnaHHble 8 pedakyuro XypHana cmambU He 8038pauiaromcsi.

JKypHan BbinyckaeTcs exekBapTanbHO.

MepBbi HOMep XypHana «BoeHHO-TexHNYeCcKknn BeCTHUK» BbinyweH 1.1.1953 roaa.

MepBas anekTpoHHas Bepcus XypHarna pa3MelleHa Ha nHTepHeT ctpanuue 1.1.2011 roga.
«BoeHHO-TeXHUYEeCKMA BECTHUK» BKMOYeH B cuctemy EBSCO — BceMmupHasi akagemuyeckas 6asa AaHHbIX U CEpBUCOB.
Tunorpadus: BojHa wramnapuja — Benrpaa, Pecascka 406, e-mail: vojna.stamparija@mod.gov.rs



Owners:
MINISTRY OF DEFENCE and SERBIAN ARMED FORCES

Publisher:
UNIVERSITY OF DEFENCE IN BELGRADE, MILITARY ACADEMY

Rector
Lieutenant General Goran Radovanovi¢, PhD, Assistant Professor

EDITOR IN CHIEF OF THE MILITARY TECHNICAL COURIER
Lt Col Nebojsa Ga¢esa MSc
e-mail: nebojsa.gacesa@mod.gov.rs, tel: +381 11 3603 260, +381 66 87 00 123, “http://orcid.org/0000-0003-3217-6513

EDITORIAL BOARD
— Major General Bojan Zrni¢, PhD, Professor, University of Defence in Belgrade, Military Academy, Belgrade
(Head of the Editorial Board), ©http://orcid.org/0000-0002-0961-993X
— Major General Mladen Vuruna, PhD, Professor, Ministry of Defence, Head of the Department for Defence Technologies, Material
Resources Sector, Belgrade (Deputy Head of the Editorial Board), ©http://orcid.org/0000-0002-3558-4312
— Colonel Milenko Andri¢, PhD, Professor, University of Defence in Belgrade, Military Academy,
http://orcid.org/0000-0001-9038-0876
— Sergej A. Argunov, MSc, Hydrographic society, St. Petersburg, Russian Federation, ©http://orcid.org/0000-0002-5264-6634
— Professor Ismat Beg, PhD, Lahore School of Economics, Lahore, Pakistan, ©http://orcid.org/0000-0002-4191-1498
— Stevan M. Berber, PhD, The University of Auckland, Department of Electrical and Computer Engineering,
Auckland, New Zealand, ©http://orcid.org/0000-0002-2432-3088
— Professor Vladimir G. Chernov, DSc, Vladimir State University, Department of Management and Informatics in Technical
and Economic Systems, Vladimir, Russian Federation, ©http://orcid.org/0000-0003-1830-2261
— Professor Aleksandr V. Dorohov, PhD, Kharkiv National University of Economics, Kharkiv, Ukraine,
http://orcid.org/0000-0002-0737-8714
— Professor Zeliko Burovié, PhD, University in Belgrade, Faculty of Electrical Engineering, ©http:/orcid.org/0000-0002-6076-442X
— Professor Leonid I. Gretchihin, PhD, Belarusian State Academy of Aviation, Minsk, Republic of Belarus,
http://orcid.org/0000-0002-5358-9037
— Academician lvan Gutman, University of Kragujevac, Faculty of Science, ©http://orcid.org/0000-0001-9681-1550
— Vukica M. Jovanovi¢, PhD, Trine University, Allen School of Eggineering and Technology, Department of Engineering
Technology, Angola, Indiana, USA, ©http://orcid.org/0000-0002-8626-903X
— Associate professor Vadim L. Khaikov, PhD, Krasnodar, Russian Federation, http://orcid.org/0000-0003-1433-3562,
— Assistant Professor Sanja Lj. Korica, PhD, University Union - Nikola Tesla, Belgrade, ©http://orcid.org/0000-0002-7915-9430
— Scientific Advisor Ana Kostov, PhD, Institute of Mining and Metallurgy, Bor, Serbia, http:/orcid.org/0000-0003-1893-7187
— Professor Branko Kovacevi¢, PhD, University of Belgrade, Faculty of Electrical Engineering, ©“http://orcid.org/0000-0001-9334-9639
— Associate Professor Slavoljub S. Leki¢, PhD, University of Belgrade, Faculty of Agriculture, ©http://orcid.org/0000-0002-4834-3550
— Vasilijie M. Manovi¢, PhD, Combustion and CCS Centre, Cranfield University, Cranfield, UK, ©http://orcid.org/0000-0002-8377-7717
— Lt Colonel Jaromir Mares, PhD, Associate Professor, University of Defence in Brno, Czech Republic,
http://orcid.org/0000-0002-1337-3821
— Academician Gradimir V. Milovanovi¢, PhD, Member of the Serbian Academy of Sciences and Arts,
Mathematical Institute of the SASA, Belgrade, ©http://orcid.org/0000-0002-3255-8127
— Associate Professor Penumarthy Parvateesam Murthy, PhD, University Guru Ghasidas Vishwavidyalaya, Department of Pure
and Applied Mathematics, Bilaspur (Chhattisgarh), India, ©http://orcid.org/0000-0003-3745-4607
— Scientific Advisor Predrag Petrovi¢, PhD, Executive Director for R&D and Radio Communications, Institute of
telecommunications and electronics IRITEL AD, Belgrade, ©http://orcid.org/0000-0002-0455-7506
— Professor Slavko Pokorni, PhD, Information Technology School, Belgrade, ©http://orcid.org/0000-0002-3173-597X
— Professor Stojan N. Radenovi¢, PhD, University of Belgrade, Faculty of Mechanical Engineering,
http://orcid.org/0000-0001-8254-6688
— Professor Andreja Saméovi¢, PhD, University of Belgrade, Faculty of Transport, ©http://orcid.org/0000-0001-6432-2816
— Professor Nikolay I. Sidnyaev, PhD, Bauman Moscow State Technical University, Moscow, Russian Federation,
https://orcid.org/0000-0002-5722-4553
— Professor lonel Staretu, PhD, Transilvania University of Brasov, Romania, ©http://orcid.org/0000-0001-5947-7557
— Scientific Advisor Sre¢ko S. Stopi¢, PhD, RWTH Aachen University, Faculty for Georesources and Materials Engineering, IME
Process Metallurgy and Metal Recycling, Aachen, Germany, ©http://orcid.org/0000-0002-1752-5378
— Professor Miroslav Trajanovi¢, PhD, University of Ni§, Faculty of Mechanical Engineering, http://orcid.org/0000-0002-3325-0933
— Professor Sanja Vrane$, PhD, Institute "Mihajlo Pupin”, Belgrade, ©http://orcid.org/0000-0002-7054-6928
— Professor Aleksa Zejak, PhD, University of Novi Sad, Faculty of Technical Sciences, ©http://orcid.org/0000-0001-5114-2867
— Nikola P. Zegarac, PhD, Serbian Academy of Inventors and Scientists, Belgrade, ©http://orcid.org/0000-0002-1766-8184
— Lt Colonel Nebojsa Gacesa, MSc, Editor of the Military Courier, (Secretary of the Editorial Board),
http://orcid.org/0000-0003-3217-6513.

Address: VOJNOTEHNICKI GLASNIK/MILITARY TECHNICAL COURIER, Velika Luki¢a Kurjaka 33, 11042 Belgrade,
Republic of Serbia =

http://www.vtg.mod.gov.rs/index-e.html an INDEXED IN
http://aseestant.ceon.rs/index.php/vtg/issue/current et Ciaton niex e st <o | )L ) /A R@ AD
http://scindeks.nb.rs/journaldetails.aspx?issn=0042-8469

http://elibrary.ru/title_about.asp?id=53280

https://doaj.org/toc/2217-4753

e-mail: vojnotehnicki.glasnik@mod.gov.rs

Subscription to print edition: e-mail: vojnotehnicki.glasnik@mod.gov.rs; Tel. +381 66 87 00 123

Manuscripts are not returned

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.

Military Technical Courier has entered into an electronic licensing relationship with EBSCO Publishing, the world's most
prolific aggregator of full text journals, magazines and other sources. The full text of Military Technical Courier can be found
on EBSCO Publishing's databases.

Printed by Vojna $tamparija — Belgrade, Resavska 40b, e-mail: vojna.stamparija@mod.gov.rs




CAOPXAJ
OPUMMHAITHM HAYYHW PALIOBW

Hukona ®abuaHo, CmojaH H. PadeHosuh

Opyru Tanac nHgekumje Covid-19 u 2020. rognHu y Utannju: kpaTka aHanmsa ............ 1-7
Mydacup JoyHuc, Hukona ®abuaHo, 3aud M. ®adaun,
Bopan [. Mumposuh, CmojaH H. PadeHosuh

HanomeHe 0 HEKMM pe3ynTaTtvMa O HEMOKPETHUM Taykama y

nNpaBoyraoHMM METPUYKMM NMPOCTOPMMA Ca NPUMEHAMA Y XEMUIU ........eveveereaaeaaneeaeee 8-30
CnahaH M. Cep3uh, 3opaH M. Munuyesuh, 3opaH C. lNepuwuh

Onwuc noctynka TyHenoBawa Q curHanmsauuje y npuBaTHUM

TENEKOMYHUKALMOHMM MPEIKAME........eeeeeeeeeeaiuitieeeaaessaaeneseeeaeseaaanseseeeeaesaannsneeeeeeaaanns 31-63
CmedpaH B. Munuheeuh, Criaeko P. Myxdeka

CvmynauunoHu Mogen 1 aHanvsa nepdgopmMaHcu xmbpugHor noroHa 6BIM M-80A ... 64-87

EmunHa C. Kpuykosuh
Y3pouHo-nocneanyHa Besa nsamel)y ctawa KBanuteTa Basgyxa y
Hoeom Cagy v 3gpaBrba CTaHOBHMLUITBA NpumeHoMm mogena DPSEEA................... 88-113

Yedomup. H. PadeHosuh, HeHad. C. enuh, Munuua M. Padocaerbesuh,
XKueoma B. JosaHosuh, Mune []. CeyaHcku, AnekcaHdap C. Nonoesuh,
Munow C. Lpesap, Hebojwa []. Padocasrbesuh

BuckonpuHocHM u xemujckn oboraheHn xmubpuau Kykypysa
Cpricke cenekumje kao Hajborba OCHOBA 3a HAjKBANUTETHU]Y XPaHY.........cc.ce....... 114-147
Padoje b. Jeesmuh

BesbegHocT y cTambeHnM 3rpagama — eBakyaumja
cTambeHe 3rpafie 6€3 NOXKAPHUX CTEMEHULIA ....ceeeueereeieiieeeaieeeeeneeeesneeeeanneeeesannees 148-178

CTPYYHV PAOOBN
HywaH Jb. boauhesuh, NeaH A. Tom,
Padomup Y. MNpodaHosuh, bojaH J. Todoposuh

VaeHTudmrkaumja BojHUKa M HAopyXaka y MaraumHy HaopyXaha

3acHoBaHa Ha nopefemwy npouecupana cnuka u RFID TaroBa...........cccceeevevennneee. 179-195
EpnaH C. 3akujes, CepukxaH K. Koxxaxmemoe

MNMprumeHa nogaTaka AoOUjeHNX AarbMHCKOM AeTeKUUjoM y

Bojcupm PenyBrmKe KaBaXCTaH........ueiiiiiiiieiiiieeeeiiee e e et e s see e et e e s e e snneee s 196-229
HejaH P. Unhuh

CaHauvja nogpyyja KOHTaMUHUPaHUX MYHULIMjOM ca

OCUPOMALLEHUM YPAHUJYMOM ... s 230-252

CABPEMEHO HAOPYXAHE VN BOJHA OTPEMA........ooiiiiiiieeee e 253-271
LpazaH M. Bydkosuh

MO3UB N YMYTCTBO AYTOPUIMA ..o 272-288

OBABELUTEHA CAPAOHULUUMA N UNTAOLUUMA ..o 289-291

CIMUCAK PELIEH3EHATA BOJHOTEXHUYKOT TNMACHUKA. ..o 292-308

N3JABA BOJHOTEXHWYKOTI IMMACHUKA O ETUYKOM MOCTYMNAKY ................. 309-320

IN MEMORIAM Heb6ojwa KyjyHUmMh 1976 - 2020 ..o 321-322



COOEPXAHWE
OPUMHAIBHBIE HAYYHBIE CTATHM

Hukona ®abuaHo, CmosiH H. PadeHosuy

Btopas BonHa Covid-19 2020 roga B Tanun: KPaTKNA @HAMMS .......eeeeeeeeeeeiieeeeeeeeeneieee e 1-7
Mydacup Woyruc, Hukona ®abuaro, 3aud M. ®adaur,
Bopar [. Mumposuy, CmosiH H. PadeHosu4

MprMeYaHns K HEKOTOPbIM pe3yrbTaTtam B 06r1acTi HENOABUXKHbBIX TOYEK B

NPSIMOYTOfbHbIX METPUYECKUX MPOCTPAHCTBAX, C UX NMPUMEHEHNEM B XUMUM .......ocvveeeaeenennne 8-30
CnadxaH M. Cep3uy, 3opaH M. Munudyesuy, 3opaH C. lNepuwuy

OnucaHne npouecca TYHHUNMPOBaHUS Q-CUrHanoB B YacTHbIX

TENEKOMYHUKALIMOHHDBIX CETSX ..eeuurereeureeeeauneeessneeeeaanseeesannneesaseneesanseeesanseessnsseeesanseessnnseessnsens 31-63
CmedbaH B. Munuuesuy, Cnasko P. Myxdeka

MopgenvpoBaHue n aHanua paboTel rmMbpuaHoro npueoga BVP M-80A...........cccceceevveeneen. 64-87

OmuHa C. Kpuukosuy
MpWYnHHO-CNEACTBEHHAS CBSI3b MEXY COCTOSIHUEM KayecTBa BO3ayxa B
Hoeu-Capge v 300poBbeM HaceneHus ¢ ucnonb3oBaHnem mogenu DPSEE ........................... 88-113

Yedomup. H. vPaaeHoeu'-l, Henad. C. fenuy, Munuya M. Padocasnesudy,
XKusoma B. NosaHosuuy, Mune []. CevyaHcku, AnekcaHdap C. Monosuy,
Munow C. Lipesap, Hebolwa [. Padocasnesu4

BricokoypokaliHble 1 XuMmdecku oboralleHHble rmbpuabl Kykypyabl

cepbckow cenekummn — nyyilas OCHoBa A BbICOKOKa4Ye€CTBEHHbIX

NPOJYKTOB MUTaHNSA Y KOPMOB AN AOMALLUHUX KUBOTHDBIX . ..ceuveeureesureerueeesieeseeesneeesneeenans 114-147
Padoe b. Esmuy

MoxxapHasn 6e30MacHOCTb XUIbIX 30aHWI - 3BaKyaums 13
XKUIbIX 30AHUN 6E€3 NMOKAPHOM JTECTHUILIBI ......vveeeeeieeeeieeeesiieeeesneeeesseeessnseeeesnneeeesseeessnsees 148-178

NPOPECCNOHANBHBLIE CTATbA

Hywan J1. boeudyesuy, NeaH A. Tqm,
Padomup U. MNpodaHosuy, bosiH N. Todoposuy

NpoeHTudukaums congaT U BOOPY>KEHWS Ha CKIafe OpyXusi, OCHOBaHHast

Ha cpaBHUTENbHON 06paboTke N306paKEHNA U RFID-METOK........coveieiiieiee e 179-195
Epna+ C. 3akues, CepukxaH K. Koxaxmemos

MpyMeHeHne faHHbIX AUCTAHLMOHHOIO 30HAUPOBAHMS B

BoopykeHHbIX cunax PecnyBnmKkm KasaXCTaH........c.eicvieeiiiieeeiiieeeeiieeeeiieeesieee e 196-229
HesiH P. NIHOxuy4

BoccTaHoBNeHNe MeCTHOCTH, NOPaXXeHHOW CHapsigamMu ¢ 06eQHEHHBIM YPaHOM............. 230-252

COBPEMEHHOE BOOPY>XEHWE M BOEHHOE OBOPYOOBAHUE .........ccoeevvrieenee 253-271

[pazaH M. By4ykosuy

NPUTNALWLEHWVE N MHCTPYKUWW ONA ABTOPOB PABOT ... 272-288
COOBLUEHWA ANA ABTOPOB U HNTATENEM ... 289-291
CMNNCOK PELIEH3EHTOB >KYPHAITA

«BOEHHO-TEXHUYECKUN BECTHUKN»......ooiiiiiiiii e 292-308
KOOEKC I'IPOd)ECCI/IOHA!'IbHOI?I STUKN XKYPHATA

«BOEHHO-TEXHUYECKUN BECTHUKN......ooiiiiiiii e 309-320

IN MEMORIAM He6oiiwwa KytoHaxny 1976 - 2020..........ccooiiiiiieiiceere e 321-322



CONTENTS

ORIGINAL SCIENTIFIC PAPERS

Nicola Fabiano, Stojan N. Radenovi¢

The second Covid-19 wave of 2020 in Italy: a brief analysis ...........cccoceeiniiiiiiiinnee, 1-7
Mudasir Younis, Nicola Fabiano, Zaid M. Fadail,
Zoran D. Mitrovi¢, Stojan N. Radenovic¢

Some new observations on fixed point results in rectangular

metric spaces with applications to chemical SCIeNCes ...........cccoocviiiiiiiiiiic i 8-30
Sladan M. Svrzi¢, Zoran M. Milicevi¢, Zoran S. Perisic¢

Description of the process of tunneling Q signaling in Private

telecommunication NEIWOIKS ..........oouuiiiiiii e 31-63
Stefan V. Milicevié, Slavko R. MuZdeka
Modelling and performance analysis of the BVP M-80A hybrid drive.......................... 64-87

Emina S. Krickovi¢
Cause-effect relationship between air quality and public health in
the city of Novi Sad based on the DPSEEA model............cccooiiiiiiiiiiiiiiieeeen 88-113

@edomir N. Radenovi¢, Nenad S. Deli¢, Milica M. Radosavljevic,
Zivota V. Jovanovi¢, Mile D. Seéanski, Aleksandar S. Popovic,
Milo$ S. Crevar, Nebojsa D. Radosavljevi¢

High-yielding and chemically enriched maize hybrids bred in Serbia —
the best basis for super quality feed and food ... 114-147
Radoje B. Jevti¢

Safety in residential buildings - evacuation from residential
buildings without fire escape Stairs ... 148-178

PROFESSIONAL PAPERS
Dusan Lj. Bogicevic, Ivan A. Tot,
Radomir I. Prodanovi¢, Bojan J. Todorovic¢

Identification of soldiers and weapons in military armory based on
comparison image processing and RFID tag.........ccoccvviiiiiiiiii e 179-195

Erlan S. Zakiev, Serikhan K. Kozhakhmetov

Prospects for using remote sensing data in the armed forces,
other troops and military formations of the Republic of Kazakhstan...................... 196-229

Dejan R. Indi¢
Remediation of the areas contaminated by depleted uranium ammunition ............ 230-252

MODERN WEAPONS AND MILITARY EQUIPMENT ..o 253-271
Dragan M. Vuckovi¢

CALL FOR PAPERS AND INSTRUCTIONS FOR AUTHORS.............ccocoiiiee 272-288
INFORMATION FOR CONTRIBUTORS AND READERS ..........ccooooiiiiiiieeee 289-291
LIST OF REFEREES OF THE MILITARY TECHNICAL COURIER ............cc.c..... 292-308
PUBLICATION ETHICS STATEMENT ..o 309-320

IN MEMORIAM NebojSa Kujundzi€ 1976 - 2020 ...........coceiiiiiiiieiie e 321-322



OPUTNHANHW HAYYHN PAOOBU
OPUT'MHAIBbHBLIE HAYYHbBIE CTATbA
ORIGINAL SCIENTIFIC PAPERS

THE SECOND COVID-19 WAVE OF 2020
IN ITALY: A BRIEF ANALYSIS

Nicola Fabiano?, Stojan N. Radenovi¢®

@ Independent researcher, Rome, Italy,
e-mail: nicola.fabiano@gmail.com, corresponding author,
ORCID iD: @ https://orcid.org/0000-0003-1645-2071

® University of Belgrade, Faculty of Mechanical Engineering,
Belgrade, Republic of Serbia,
email: radens@beotel.rs,
ORCID iD: @ https://orcid.org/0000-0001-8254-6688

DOI: 10.5937/vojtehg69-29511; https://doi.org/10.5937/vojtehg69-29511
FIELD: Mathematics
ARTICLE TYPE: Original scientific paper

Abstract:

Introduction/purpose: Based on the results obtained previously, the second wave
of Covid-19 infection is analyzed and some predictions on its evolution are given.

Methods: A model of population growth giving a differential equation has been
used to describe the pandemic wave.

Results: The second wave of infection is essentially on its peak in the middle of
November 2020 and will not decrease very soon.

Conclusions: The second wave is not going to end in the year 2020 and it will
take some time before a status of relative normality is restored.

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

Equation and Fit

The equation we have used in the model of Covid—19 evolution of a
number of cases in time (Verhults, 1838) is given by (Fabiano & Radenovi¢,
2020a)

- ; (1)

d:;it) - mét) [1 - :c(t)] |

where the total number of cases z(t) at a given time is given by
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2(t) = 1+exp[(b—1t)/a]’

while the growth of cases is given by its derivative
du(t) e { exp[(b — t)/a] }
(1+expl(b—t)/a))* ]

dt a
The parameter « is related to the growth rapidity, c is the asymptotic total
number of cases, and b indicates the peak position of the growth of cases.

(2)
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Figure 1 — Number of new cases of coronavirus per day with respect to the date
for the year 2020
Puc.1 - Konnuyecmeo HO8bIX Crly4aes 3apaeHHbIX KOPOHa8UpyCcoM 3a CymKu o
Gamam 8 2020 200y
Cnuka 1 — Bpoj Hosux criyyajesa 3apakeHUX 8UpyCcoM KOpoHa OHEBHO y OOHOCY
Ha damyme 2020. 200uHe

Figure 1 shows the number of new cases per day of coronavirus in Italy
with respect to the date. One can clearly see two peaks corresponding to
two different waves of the disease, the first with a maximum of around 6000

2D



cases on the 26" of March, and the second one with around 40000 cases
on the 13" of November.

In (Fabiano & Radenovi¢, 2020b) we have compared the current coron-
avirus pandemic to the influenza pandemic of 1918 and gave some predic-
tions on the possible future waves. Notably, in accordance with the data of
1918, it has been predicted in Table 5 of the above mentioned article that
the second wave of the pandemic would have a peak number of new cases
per day that has a fivefold increase of the peak of the first wave. According
to the above mentioned data the accuracy of this prediction is astonishingly
good.

In order to determine the parameters a, b, ¢ of equations 1, 2, 3 for the
second wave, we have done a fit to the most recent data available for the
coronavirus disease in Italy, available at the GitHub account (Ministero della
Salute, 2020).

The minimum value of new cases has been encountered on the 14" of
July with 114 new patients on that day. This will be the starting point of the
second peak. The results of the fit are shown in Table 1.

Table 1 — Fit for the parameters a, b, ¢ of the second wave
Tabnuua 1 — PacnipedeneHue o napamempam a, b, ¢ 80 8mopoli 80JIHe
Tabena 1 — lNoknanare napamemapa a, b u ¢ dpy2oe manaca

Parameter Value Error Error %
a 9.88343 0.332 3.359
b 119.106 0.558 0.4685
c 1.40299 x 10° | 4.605 x 10* 3.282

The maximum of the peak is obtained from the value of ¢/(4a), the pa-
rameters a and c are linked respectively to the height and width of the bell-
shaped function of equation 3, while b traslates in time the position of the
peak.

As expected, the values of the parameters are much bigger than the one
found in Table 1 of (Fabiano & Radenovi¢, 2020a), because the peak of the
second wave is much larger as discussed above, and the rise of the peak
is much sharper than the one of the first wave. Observe also that according
to the value of ¢ obtained, the total number of cases so far is expected to
be not less than 1.4 million, more than 2% of the population.

Figure 2 shows the data of the second wave and the fit to the function 3
with respect to the number of days since the 14 of July. The fitis prolonged

30
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Figure 2 — Number of new cases of coronavirus per day with respect to the
numbers of days starting from the 14" of July 2020 and ending on 31° of
December 2020
Puc. 2 — Konuyecmeo HO8bIX CrlyHaes 3apaxeHHbIX KOPOHasupycoM 3a CYmKU C
14 uronsi 2020 2. no 31 dekabpsi 2020 20da
Cnuka 2 — bpoj HoguX criy4ajeea 3apaxeHUX 8UPYCOM KOPOHa o daHy y 00HOCy
Ha bpoj aHa rnoyeswu 00 14. jyna 2020. 200uHe u 3aK/by4HO ca 31. Beuembpom
2020. 20duHe

beyond the current date of 17*" of November, that is 127 days in order to
give some insight of the future situation.

The bell-shaped curve is symmetric around the peak, therefore a quick
raise provides also a fast decline of the number of cases, albeit with a caveat
that will be discussed later on.

The limit of 5000 new cases per day is crossed again on the 152th day,
i.e. around the half of December. On the last day of 2020, i.e. on the 170th
day, there will still be more than 800 cases per day, resembling the same
situation already encountered in May. Depending on how many new cases
per day is considered acceptable, we will not reach again a “normal” status

before the half of January 2021.
40



Yet there is a caveat. Considering again the global situation in Figure 1
and carefully observing the first peak, it is clear that it is not completely sym-
metric, having a decreasing side lasting longer than the increasing one. This
is probably due to the fact that the quarantine rules employed are not static
in time, and are progressively relaxed, as the pandemic situation turns bet-
ter, for various reasons, mainly due to the concern about the worsening of
the economic situation. It is also worth mentioning the fact that a part of the
population tends not to abide by the quarantine rules after a longer period of
time, as it has been observed particularly in the past summer when the pan-
demic was considered ended by many sources, some of them apparently
respectable.

Conclusion

Cosidering all the reasons discussed before it is reasonable to conclude
that the obtained fit given for equation 3 and shown in Figure 2 is actually
an estimate from below for the return time to a normal situation, and even
though we have apparently reached the peak of the second covid infection
wave, it is not going to end completely in the year 2020.
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Pe3some:

Beedenrue/yenb: OcCHOBbIBasICb Ha MOy4YEeHHbIe paHee pesysib-
mambl, 8 cmambe rposedeH aHau3 emopol 80sHbI UHbeKkyuu
Covid-19 u npusedeHbl HEKOMOPbIE MPO2HO3bI €€ pa3suMus.

Memoodki: [Jns onucaHusi 80s1HbI naHOeMUU UCob308anack Mo-
Oesnib pocma HacesneHusi, darouas dughghepeHyuabHoe ypagHe-
Hue.

Pesynbmamel: Bmopasi 8onHa 3apaxeHusi hakmu4yecku 00-
cmuana cgoeao rnuka e cepeduHe Hosibpss 2020 2oda u e 6nu-
XKaliwee epemMsi He YMEHbLIUMCS.

Bbigo0bi: B amom 2020 200y emopasi 805iHa He 3aKOHYUMCS, 10~
amomy Ham ripudemcsi nodoxdamb, koeda Hacmyrnum be3onac-
HOEe 8peMsi U Mbl CMOXeM 8ePHYmMbCS K COCMOSIHUKO OMHOCU-
mesibHOU HOpMaribHOCMU.

Knrouessie crniosa: kopoHasupyc, COVID-19, dughgpepeHyuarns-
HOe ypasHeHuUe, coomeemcmeue OaHHbIX.
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OBJIACT: matematunka
BPCTA YJTAHKA: opurmHanHu Hay4Hu pag

Caxxemak:
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Abstract:

Introduction/purpose: This paper considers, generalizes and improves recent re-
sults on fixed points in rectangular metric spaces. The aim of this paper is to
provide much simpler and shorter proofs of some new results in rectangular met-
ric spaces.

Methods: Some standard methods from the fixed point theory in generalized met-
ric spaces are used.

Results: The obtained results improve the well-known results in the literature.
The new approach has proved that the Picard sequence is Cauchy in rectangular
metric spaces. The obtained results are used to prove the existence of solutions

(8D


https://orcid.org/0000-0001-5499-4272
https://orcid.org/0000-0003-1645-2071
https://orcid.org/0000-0003-0899-0056
https://orcid.org/0000-0001-9993-9082
https://orcid.org/0000-0001-8254-6688
https://doi.org/10.5937/vojtehg69-29517

to some nonlinear problems related to chemical sciences. Finally, an open ques-
tion is given for generalized contractile mappings in rectangular metric spaces.

Conclusions: New results are given for fixed points in rectangular metric spaces
with application to some problems in chemical sciences.

Key words: fixed point, rectangular metric space, contractive map, Green func-
tion.

Introduction and Preliminaries

It is well known that the Banach contraction principle (Banach, 1922) is
one of the most important and attractive results in nonlinear analysis and
mathematical analysis in general. The whole fixed point theory is a signifi-
cant subject in different fields: geometry, differential equations, informat-
ics, physics, economics, engineering, and many others. After solutions are
guaranteed, numerical methodology is established to obtain the approxi-
mated solution. The fixed point of functions depends heavily on considered
spaces defined using intuitive axioms. In particular, variants of general-
ized metric spaces are proposed, e.g. partial metric space, b-metric, partial
b-metric, extended b-metric, rectangular metric, rectangular b-metric, G-
metric, G,—metric, S-metric, S,—metric, cone metric, cone b-metric, fuzzy
metric, fuzzy b-metric, probabilistic metric, etc. For more details on all vari-
ants of generalized metric spaces, see (Budhia et al, 2017), (Collaco &
Silva, 1997).

In this paper, we will discuss some results recently established in (Alsu-
lami et al, 2015) and (Budhia et al, 2017). Firstly, we give the basic notion
of a rectangular metric space (g.m.s or RMS by some authors).

Definition 1. Let X be a nonempty set and letd, : X x X — [0, +oc0) satisfy
the following conditions: for all z,y € X and all distinct u,v € X each of
them different from x and y.

(i) d, (x,y) = 0ifand only if z =y,

(”) dr (l’,y) = dT (y,x) )

(iii) dy (z,y) < d, (z,u) + d, (u,v) + d, (v,y) (Quadrilateral inequality).
Then the function d, is called a rectangular metric and the pair (X,d,) is
called a rectangular metric space (RMS for short).

Notice that the definitions of convergence and Cauchyness of the se-
quences in rectangular metric spaces are the same as the ones found in

(oD
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the standard metric spaces. Also, a rectangular metric space (X, d,.) is com-
plete if each Cauchy sequence in it is convergent. Samet et al. (Samet et
al, 2012) introduced the concept of a —)—contractive mappings and proved
the fixed point theorems for such mappings. In (Karapinar, 2014), Karap-
inar gave contractive conditions to obtain the existence and uniqueness of
a fixed point of a — 1) contraction mappings in rectangular metric spaces.
Salimi et al. (Salimi et al, 2013) introduced modified o — v contractive map-
pings and obtained some fixed point theorems in a complete metric space.
Alsulami et al. (Alsulami et al, 2015) established some fixed point theorems
for o —¢p—rational type contractive mappings in a rectangular metric space.

Let ¥ be the family of all functions ¢ : [0, 4+00) — [0,400) such that ¢

+oo

is nondecreasing and ) ¢™ (t) < 4oo for each ¢ > 0. Obviously, if ¢ € U,
n=1

then ¢ (¢) < t foreach ¢ > 0.

Definition 2. (Salimi et al, 2013) Let T be a self mapping on a metric space
(X,d.) and let a,n : X x X — [0,+00) be two functions. It is called an
a—admissible mapping with respect to n if a (z,y) > n(z,y) implies that
a(Tz,Ty) >n(Tz,Ty) forall z,y € X.

Ifn(z,y) =1forall z,y € X, then T is called an a«—admissible mapping.

It is called a triangular a«—admissible mapping if for all z,y, 2 € X holds:
(a(z,y) >1and a(y,z) > 1) implies a (z,z) > 1.

Otherwise, a rectangular metric space (X, d,) is a—regular with respect
to n if for any sequence in X such that o (z,,, xn41) > 7 (2p,xn41) for all
n € Nand z,, — z as n — +oo, then a (zy,, x) > n (zp, ).

For more details on a triangular a—admissible mapping, see (Karapinar
et al, 2013), pages 1 and 2. In this paper, we will use the following result:

Lemma 1. (Karapinaretal, 2013), Lemma 7. LetT be a triangular «—admis-
sible mapping. Assume that there exists xo € X such that o (xo, Txo) > 1.
Define the sequence {x,} by x,, = T"xy. Then

a (T, xn) > 1 forall m,n € NU{0} withm < n.
In (Budhia et al, 2017), the authors proved the following result:

Theorem 1. Let (X,d,) be a Hausdorff and complete rectangular metric
space, and let T : X — X be an a—admissible mapping with respect to

G



n. Assume that there exists a continuous function ¢ € ¥ such that
z,y € X,a(z,y) >n(x,y) implies d. (Tz, Ty) < ¢ (M (z,y)),

where

dr (z,Tx)d, (y,Ty)
1+ dr (l‘> y) ’

M (z,y) = max {dr (x,y),dr (z,Tx),d, (y, Ty),

dT (.’L‘, T.’L') dr (yv Ty)

Also, suppose that the following assertions hold:

1. there exists z¢p € X such that « (z¢, Txo) > 1 (zo, T'xo),

2. forall z,y,z € X,(a(z,y) >n(x,y)and a(y,z) > n(y, z)) implies
a(z,2) > n(z,2),

3. either T' is continuous or X is a—regular with respect to 7.

Then T has a periodic point ¢« € X and if a(a,Ta) > n(a,Ta) holds
for each periodic point, then T' has a fixed point. Moreover, if for all z,y €
F (T),we have a(z,y) > n(x,y), then the fixed point is unique.

Taking n (z,y) = 1 for z,y € X, the authors obtained the following coro-
llary:

Corollary 1. Let (X,d,) be a Hausdorff and complete rectangular metric
space, and let T : X — X be an a—admissible mapping. Assume that
there exists a continuous function i) € ¥ such that

z,y € X,a(x,y) > 1implies d, (Tz,Ty) < ¥ (M (x,y))

where

dr (x,Tx)d, (y, Ty)
1+d, (z,y)

)

M (2,) = max {dr (@) +dy (2.T) v (5, T)

d’f' (TII, T{I:) d’f’ (y7 Ty)

Also, suppose that the following assertions hold:

>
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1. there exists zg € X such that a (z¢, Tz¢) > 1,
2. forallz,y,z € X (a(z,y) >1and a(y,z) > 1) implies « (x,2) > 1,
3. either T" is continuous or (X, d,) is a—regular.

Then T has a periodic point ¢« € X and if « (a,Ta) > 1 holds T has a
fixed point. Moreover, if for all z,y € F (T), we have «a (z,y) > 1, then the
fixed point is unique.

Further, taking « (z,y) = 1 for 2,y € X authors obtained the following coro-
llary:

Corollary 2. Let (X,d,) be a Hausdorff and complete rectangular metric
space, and let T : X — X be an a—admissible mapping. Assume that
there exists a continuous function i) € ¥ such that

z,y € X,1>n(z,y)implies d, (Tz, Ty) < (M (z,y))

where

dy (z,Tx)d, (y,Ty)
1+d, (z,y)

9

M (2,y) = max {dr (2,9)dy (@, T2) . dy (4, Ty).

dy (x,Tx)d, (y, Ty)
1+d, (Tz,Ty) ’

Also, suppose that the following assertions hold:
1. there exists zp € X such that 1 > n (zg, Txo),

2. forallz,y,z€ X (1 >n(zx,y)and 1 > n(y,z)) implies 1 > n(z, z),
For ¢ (t) = kt,0 < k < 1 then the authors obtained

Corollary 3. Let (X,d,) be a Hausdorff and complete rectangular metric
space, and let T : X — X be an a—admissible mapping with respect to
n. Assume that

r,y € X, a(v,y) > n(v,y) implies d. (Tx,Ty) < kM (x,y),

where

dr (x,Tx)d, (y,Ty)
1+d, (z,y)

)

M (2,y) = max {dr (@.9)dy (2, T2) dy (5, T)

G



dr (2, Tx) dr (y, Ty)

Also, suppose that the following assertions hold:

1. there exists 2y € X such that « (z¢, Txo) > n (z0, Txo)

2. forall z,y,z € X (a(z,y) >n(z,y)and a(y,z) > n(y,z)) implies
a(x,z) >n(x,z2),

3. either T is continuous or (X, d,.) is a—regular.

Then T has a periodic point a« € X and if a(a,Ta) > n(a,Ta) holds,
T has a fixed point. Moreover, if for all z,y € F(T), we have «a (z,y) >
n(z,y), then the fixed point is unique.

The following two lemmas are a rectangular metric space modification of
a result which is well known in the metric space, see, e.g, (Radenovic¢ et al,
2012), Lemma 2.1. Many known proofs of fixed point results in rectangular
metric spaces become much more straightforward and shorter using both
lemmas. Also, in the proofs of the main results in this paper, we will use
both lemmas:

Lemma 2. (Kadelburg & Radenovi¢, 2014a), (Kadelburg & Radenovic,
2014b) Let (X,d,) be a rectangular metric space and let {z,} be a se-
quence in it with distinct elements (x,, # x,, forn # m). Suppose that
dy (Tp, Tnt1) @and d, (xy, x,42) tend to 0 as n — +oo and that {z,,} is not a
Cauchy sequence. Then there exists ¢ > 0 and two sequences {m (k)} and
{n(k)} of positive integers such that n (k) > m (k) > k and the following
sequencestendtoc ask — +oo :

{dr (@) 2mw) } o {dr (@ngey 11 2mw) b {dr (a0 Tmeey-1)

{dr (s tme 1)} {dr (@ngey41s @my 1) }-

Lemma 3. Let {n+1},enug0y = {T%ntnenvioy = {70} nenuioy » T0%0 =
xo be a Picard sequence in a rectangular metric space (X, d,) induced by
the mapping T : X — X and the initial point zo € X. If d, (v, Tp41) <
dy (xp—1,2,) forall n € N then x,, # x,, whenever n # m.

T
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Proof. Let z,, = z,,, for some n,m € N with n < m. Then x,,,1 = Tz, =
Txp = xme1- Further, we get

Ay (Tpy Tpg1) = dp (T, Tint1) < dp (-1, Tm) < oo < dp (Tpy Trg1)

which is a contradiction. [J
In some proofs, we will also use the following interesting as well as sig-
nificant result in the context of rectangular metric spaces:

Proposition 1. (Kirk & Shahzad, 2014), Proposition 3. Suppose that {q,}
is a Cauchy sequence in a rectangular metric space (X,d,) and suppose
lim;, 400 dr (¢, q) = 0. Then lim,,_, o dy (qn,p) = d; (q,p) forall p € X. In
particular, {q,} does not converge to p if p # q.

Main results

In this section, we generalize and improve Theorem 2 and all its coro-
llaries. The obtained generalizations extend the result in several directions.
Namely, we will use only one function o : X x X — [0,+00) instead of
two a and n as in (Budhia et al, 2017), Definition 2.3. and Definition 3.1.
This is possible according to the (Mohammadi & Rezapour, 2013), Page 2,
after Theorem 1.2. Note that we assume neither that the rectangular metric
space is Hausdorff, nor that the mapping d, is continuous.

The authors (Alsulami et al, 2015), page 6, line 6+, say that the
sequence {z,} in a rectangular metric space (X,d,) is a Cauchy if
lim,, 400 dy (T, Tpk) = 0, for all k € N. However, it is well know that this
claim is dubious. Therefore, we also improve the proof that the sequence
{z,} is Cauchy

Ouir first new result in this paper is the following:

Theorem 2. Let (X, d,) be a complete rectangular metric space and let T' :
X — X be a triangular a—admissible mapping. Assume that there exists
continuous function ) € ¥ such that

r,y € X, a(x,y) > 1implies d, (Tx,Ty) < (M (z,y)), (1)

where

dr (x,Tx)d, (y,Ty)
1+d, (z,y)

)

M (2,y) = max {dr (@.9)dy (2, T2) dy (5, T)

<>



dr (2, Tx) dr (y, Ty)

Also, suppose that the following assertions hold:

1. there exists 2y € X such that « (z¢, Txg) > 1,
2. either T' is continuous or (X, d) a—regular.

Then T has a fixed point. Moreover, if
forall z,y € F (T') implies o (z,y) > 1,
then the fixed point is unique.
Proof. Given zy € X such that
a(xg,Tro) > 1. (2)

Define a sequence {xz,} in X by z, = Tx,,—1 = T"x for all n € N. If
xpyr1 = xp for some k € N, then Txy, = xy, i.e., xy is a fixed point of T
and the proof is finished. From now on, suppose that z,, # =z, for all
n € NU{0} . Using (2) and the fact that 7" is an a—admissible mapping, we
have

a(xy,x) = a(Txg, Try) > 1.

By induction, we get
a(xp, ne1) > 1foralln € NU{0}.

In the first step, we will show that the sequence {d, (z,, z,+1)} is nonin-
creasing and d, (z,,, xn+1) — 0 @as n — +oo. From (1), recall that

dy (xna xn—l—l) =d, (T-rn—ly Txn) < ¢ (M (wn—ly xn)) s (3)
where

M (wn—la xn) = max {dr (xn—ly wn) ,dy ((L'n—la xn) ydy (CEn, xn—l—l) )

dr (wn—la wn) dr (xna xn—&—l) dr (xn—la xn) dr (xny xn—H) }
1+ dr (xn—ly CCn) ’ 1+ dr (xnv xn-l—l)

< max {dr (xn—lv xn) s d (xru xn+1)} .

G
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Now from (3) follows

dr (T, Tnt1) < Y (max {d; (Tn—1,2n) , dr (Tn, Tni1)}) - 4)

If max {d, (zp—1,%n),dr (Tn,Tn+1)} = dp (Tn, xny1), We get a contradic-
tion. Indeed, (4) implies

dr (xna xn+1) < 'QD (dr (xna $nJrl)) < dr (xna ZEnJrl) .

Therefore, we get that d, (z,, zp+1) < dy (n—1,2,). This means that
there exists lim,, o0 dy (Tn, Tp+1) = df > 0. If & > 0, then from (3) follows

d* d*
* < * * * T T
d, < (max{dr,dr,dm 1 +d$’ T })

< (max{d;,d’}) < d,

YT

which is a contradiction. Hence lim,,_, o d; (25, p11) = 0.

Further, we will also show that lim,,_,  d, (25, xn12) = 0. Firstly, we
have that o (zy,—1,2,) > 1,i.€., a (zpn—1,2nt1) > 1, because T is a triangular
a—admissible mapping. Therefore,

dr (1‘7“ xn+2) = dr (Txn—la Txn—‘rl) < w (M (xn—h xn—l—l)) s

where

M (xnfla $n+1) = max {dr (xnfla xn+1) 7dr (xnfla :L'n) 7dr (l'nJrl» $n+2) s

dy (xnfla xn) dy (xn+17 xn+2) dy (xnfla xn) dy ($n+17 $n+2) }
1+d, (l'nfb anrl) ’ 1+d, (:L'na :En+2)
H d'r n—1;s ndr n+1,tn42
Since (x1+df(z)wgfx:+j w2) < (Tn—1,%n) dr (Tpa1, Tnaz) and

dr(Tn—1,20)dr (Tni1,Tni2)
T S dr (Bn-1,2n) dr (Tny1, Tni2) We get that

M (xn—la xn+1) < max {d'r (-rn—ly xn—l—l) ,dy (xn—la xn) s

dr ($n+17 xn—&—Z) 7d7“ (xn—lv xn) dr ($n+17 xn+2)}

that is,

M (xn—la xn—l—l) < max {d’r (xn—h xn—&—l) 7dr (xn—lv xn) 7d12ﬂ ($n—1; xn)}

G



< max {dr (ivnfl, $n+1) ydy (xnfla xn)} .

The last relation follows from the fact that d, (x,,—1,x,) — 0as n — +oo.
Hence, for some n; € N, we have that

dy (xna xn+2) < max {dr (xnfla $n+1) ,dr (xnfla xn)} y

whenever n > ny. Since, d, (x,—1,2,) — 0 @as n — +oo it is not hard to
check that also d, (z,, xn42) — 0a@s n — +oo.

In order to prove that the sequence {z,, } is a Cauchy one, we use Lemma
6. Namely, since according to Lemma 1, a (z,), Tme)) > 1 if m(k) <
n (k) , then, by putting in (1) z = x,), ¥ = T (i), We obtain

d (xn(k)+1axm ) < ¢( ( JJm(k:))) ) (5)
where
M (p(h), Tim(ry) =
= max {dr (Tn(ky Tm@k)) + dr (Tn(r)s Tngy 1) > & (Ton(iys Tomiy+1) -
dr (Znk)s n(k)+1) B (Tmk)s Tmr)+1)  dr (Tngrys Ty 41) r (Tme)s Ty +1)
L+ dr (Tn(k)s Tm(r) ) 1+ dr (T ()15 T(hy+1)

0-0 0-0
k_:ooM(:cn(k),xm(k)) :max{e 0,0, —— S 1+5} =e.

Now, taking in (5) the limit as k£ — 4o follows

e<¥(e) <e,

which is a contradiction. The sequence {z, } is hence a Cauchy one. Since
(X,d,) is a complete rectangular metric space, there exists a point z* € X
suchthatz,, — z*asn — +oo. If T'is continuous, we getthat x,,. 1 = Tz, —
Tz* as n — +oo. Let Tz* # x*. Since d, (zpn, xnt1) < dy (Tp—1,x,) for all
n € NU{0}, then, according to Lemma 7, we have that all z,, are distinct.
Therefore, there exists ny € N such that z*, Tx* ¢ {z,},, . Further, by
(iii) follows: -

dy (%, Tx*) < d, (2", 20) + dv (Tn, Tny1) + dr (Tpt1, Tx"),

whenever n > nq, taking the limit, we obtain d, (z*,Tz*) = 0, i.e. z* = Tz*,

which is a contradiction.
a7
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In the case that (X,d,) is a—regular, we get the following: Since
a(xy,z*) > 1forall n € N, then from (1) follows

dy (Txy, Tx™) < (M (zp,z")), (6)
where

M (zy, 2*) = max {d, (xn,z%) ,d; (Tn, Tp+1) ,dr (2%, Tx™),

— dy (2%, Tx").
n—-+0o00

dy (T, Tpt1) dr (2%, Tx*) dy (T, Tpt1) dr (2%, T2*)
1+ dy (2, z*) T 1+dr (g, T¥) }
By taking in (6) the limit as n — +o0 and by using Proposition 8 and the con-
tinuity of the function ¢, we get d, (z*, T'z*) < ¢ (d, (z*, Tx*)) < d, (z*,Tx*)
if 2* £ Tx*., which is a contradiction. Hence, z* is a fixed point of T..
Now, we show that the fixed point is unique if « (z,y) > 1 whenever
xz,y € F(T). Indeed, in this case, by contractive condition (1), for such
possible fixed points z,y we have

dy (I‘,y) =d, (Tvay) §¢(M (:va))’ (7)
where

dr (x,Tx)d, (y,Ty)

M (2,y) = max {dr (@.9)dy (2, T2) dy (5, T)

1+d, (z,y)
dy (x,Tz)d, (y, Ty)
0-0 0-0
—max{dr(x,y),O,O,l_H),l_i_O}—dr(x,y).

Hence, (7) becomes

d?” (:U?y) S ¢ (d'r‘ (-T7y)) < dr (‘T)y) 9
which is a contradiction. The proof of Theorem 9 is complete. [J

Remark 1. In the proof of case 2 on Page 96, the authors used the fact that
the rectangular metric d,. (see condition (3.12)) is continuous, which is not
given in the formulation of (Budhia et al, 2017), Theorem 3.2.

G



By putting in (1) instead of M (z,y), one of the following sets
{dr (z,9)}, max{d, (z,y),d, (z,Tz),dr (y,Ty)},

max dT (JJ, TJJ) dT (y7 Ty) dr (.’E, TIE) dT (ya Ty)
1+d, (z,y) = 1+4+d, (Tz,Ty) ’

immediately follows as a consequence of Theorem 9.

Corollary 4. Let (X, d,.) be a complete rectangular metric space and let T :
X — X be a triangular a.—admissible mapping. Assume that there exists a
continuous function i) € ¥ such that

z,y € X,a(z,y) > Limplies d, (T'z,Ty) < ¢ (d, (2,y)). (8)
Also, suppose that the following assertions hold:

1. there exists z¢p € X such that a (z¢, Txzg) > 1,
2. either T'is continuous or (X, d,.) is a—regular.

Then T has a fixed point. Moreover, if for all z,y € F(T), we have
a(z,y) > 1, then the fixed point is unique.

Corollary 5. Let (X, d,) be a complete rectangular metric space and let T :
X — X be a triangular a—admissible mapping. Assume that there exists a
continuous function ) € ¥ such that for z,y € X,

a(xz,y) > 1yields d, (Tx,Ty) < ¢ (max {d, (z,y),d, (x,Tz),d, (y,Ty)}) .
9

Also, suppose that the following assertions hold:

1. there exists z¢p € X such that a (z¢, Txzg) > 1,
2. either T' is continuous or (X, d,.) is a—regular.

Then T has a fixed point. Moreover, if for all z,y € F(T), we have
a(z,y) > 1, then the fixed point is unique.

Corollary 6. Let (X, d,.) be a complete rectangular metric space and let T :
X — X be a triangular a—admissible mapping. Assume that there exists a

G
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continuous function i) € ¥ such that for x,y € X, a(x,y) > 1

yields d, (TfC,Ty)Si/J(maX{dT (z,Ta) C(f (v.Ty) dy (2, T) dy (3, Ty) >

1+d,(z,y) = 1+d, Tm ,Ty)
(10)
Also, suppose that the following assertions hold:

1. there exists 2y € X such that a (z¢, Txzg) > 1,
2. either T'is continuous or (X, d,.) is a—regular.

Then T has a fixed point. Moreover, if for all z,y € F(T), we have
a(x,y) > 1, then the fixed point is unique.

In the book (Ciri¢, 2003), Ciri¢ collected various contractive mappings in
the usual metric spaces, see also (Rhoades, 1977) and (Collaco & Silva,
1997). The next three contractive conditions are well known in the existing
literature:

o Ciri¢ 1: Ciri¢’s generalized contraction of first order: there exists k; €
[0,1) such that for all z,y € X holds:

d(z,Tx) +d(y, Ty) d(z,Ty)+d(y,Tz)
2 ’ 2

d(Txz,Ty) < k1 max {d(xa Y)
(11)

e Ciri¢ 2: Ciri¢’s generalized contraction of second order: there exists
ko € [0,1) such that for all z,y € X holds:

d(z,Ty)+d(y, Tx)
2

d(Tx,Ty) < ky max {d (,9),d(z, Tx),d(y,Ty),

(12)

In both cases, (X,d) is a metric space, T' : X — X is a given self-
mapping of the set X.

In (Ciri¢, 2003), Ciri¢ introduced one of the most generalized contractive
conditions (so-called quasicontraction) in the context of a metric space as
follows:

o Ciri¢ 3: The self-mapping 7' : X — X on a metric space (X, d) is called
a quasicontraction (in the sense of Ciri¢) if there exists k3 € [0,1) such that
for all z,y € X holds:

d(Tx,Ty) < ksmax{d(z,y),d(z,Tx),d(y, Ty),d(x,Ty),d(y,Tx)}.

(13)
>



Since,

d(z,Tx) +d(y,Ty)
2

<max{d(z,Tx),d(y, Ty)}

and
d(z,Ty) + d(y, Tx)

2
it follows that (11) implies (12) and (12) implies (13).
In (Ciri¢, 2003), Cirié proved the following result:

<max{d(z,Ty),d(y,Tz)}

Theorem 3. Each quasicontraction T on a complete metric space (X, d)
has a unique fixed point (say) z. Moreover, for all x € X, the sequence
{172} 120 Tz = x converges to the fixed point z as n — +oo.

n=0"
Now we can formulate the following notion and one open question:

Definition 3. Let (X, d,) be a rectangular metric space and let o : X x X —
[0, +00) be a mapping. The mapping T : X — X is said to be a modified
triangular o —admissible mapping if there exists a continuous function € ¥
such that

z,y € X,a(x,y) > 1implies d, (Tx,Ty) < ¢ (M (z,y)), (14)
where M (z,y) is one of the sets:

dy (z,Tx) + d. (y, Ty) d, (x,Ty) +d, (y, Tx) }
2 ’ 2

masx {dr (2,1),

d’l” 7T dr ,T
wac{ad, (0,0) 0. 2) 79 0T 0T

max {d, (x,y),d, (z,Tx),d. (y,Ty) ,dr (x,Ty) ,d, (y, Tx)} .

An open problem

A suggestion for further research - it is logical to ask the following ques-
tion:

Problem 0.1. Let T' be a modified triangular c—admissible mapping defined
on a complete rectangular metric space (X, d,) such that T is continuous
or (X,d,) is a—regular. Show that T' has a fixed point.

o
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Applications

In this section, we will focus on the applicability of the obtained results.

An application to chemical sciences

Consider a diffusing substance placed in an absorbing medium between
parallel walls such that §;,0, are the stipulated concentrations at walls.
Moreover, let Q2(r) be the given source density and = (r) be the known ab-
sorption coefficient. Then the concentration »(r) of the substance under the
aforementioned hypothesis governs the following boundary value problem

{ '+ E(r)x=Qr) ;rel01]=1 (1)

#(0) = 01, 2(0) = da,

Problem (1) is equivalent to the succeeding integral equation

[1]

1
Ar) =i+ (2= B+ [ O(nw) (=) - S@(=), rel0.1), @
0
where O(r,w) : [0,1] x R — R is the Green’s function which is continuous
and is given by

r(l —w) 0<r<w«<l,
S R A I Sy @)

Suppose that C'(I,R) = X is the space of all real valued continuous
functions defined on I and let X be endowed with the rectangular b-metric
d, defined by

dy (3¢, ") = [|(>¢ = >7) |,

where ||| = sup{|»(r)| : » € I}. Obviously (X,d,) is a complete rectan-
gular metric space.

Let the operator = : X — X be defined by

[1]

1
#(r) = 2(r) = 61 + (02 — d)r —l—/o O(r,w) (Uw) — Z(w)x»(w)) .

Then s* is a unique solution of (2) if and only if it is a fixed point of =.
The subsequent Theorem is furnished for the assertion of the existence of

a fixed point of =
(220



Theorem 4. Consider problem (2) and suppose that there exists p > 0 and
a continuous function =(w) : I — R such that the following assertion holds:

a(x(w),x*(w)) > 1= 0<|Z(w)x(w) — Z(w)»"(w)| < »"(w) — »(w).

Then the integral equation (2) and, consequently, the boundary value prob-
lem (1) governing the concentration of the diffusing substance has a unique
solution in X .

Proof. Clearly, for s« € X andr € I, the mapping = : X — X is well defined.
Also Z'is triangular a-admissible.

1
<= sup [ 00 )i,
rel0,1] JO

Since fol O(r,w)dw = % and so sup,cg 1 fol O(r,w)dw = %.

Hence for all s, »* € X, we obtain

dy(Es,Ex") <

where

M (52, 5") = max {d, (3, 5") ,d, (5¢,T),d, (3", T"),

&>
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dy (50, T5)dy (55, T5*) dy (3¢,T3)dy (5, T ")
1+ dy (5, 5%) " 14dy (T, T*)

Taking (M (s, *)) = g, we obtain

Ao (T2, T3 < w(M (2, %*))

Hence, all the hypotheses of Theorem 2 are contented. We conclude
that = has a unique fixed point » in X, which guarantees that the integral
equation (2) has a unique solution and, consequently, the boundary value
problem (1) has a unique solution. O

Application to a class of integral equations for an unknown
function

We present the application of the existence of a fixed point for a genera-
lized contraction to the following class of integral equations for an unknown
function w:

b
u(t) = g(t) + / x(t,2)f (2, u(2)dz,  t€ [a,b], 4)

where f : [a,b] x R = R, K : [a,b] X [a,b] — [0,00), g : [a,b] — R are the
given continuous functions.

Let X be the set C|a, b] of real continuous functions defined on [a, b] and
letd, : X x X — [0,00) be equipped with the metric defined by

dr(u,v) = sup fu(t) —v(t)]. ()

a<t<b

One can easily verify that (X, d, ) is a complete rectangular metric space.
Let the self map T': X — X be defined by

b
Tu(t) = g(t) +/ x(t, 2)f(z,u(2))dz, t€ [a,b], (6)

then u is a fixed point of 7" if and only it is a solution of (4). Also, we can easily
check that T is triangular a-admissible. Now, we formulate the following
subsequent theorem to show the existence of a solution of the underlying

integral equation.
240



Theorem 5. Assume that the following assumptions hold:

(1) supacicy [, Ix(,2)ldz < s
(2) Suppose that for all x,y € R,

1
a(z(t),y(t) 2 1= |f(z ) = f(z,9)| < Slz(t) —y(®)].
Then integral equation (4) has a solution.

Proof. Employing conditions (1) — (2) along with inequality (4), we have

dp(Tur, Tuz) = sup [Tui(t) — Tua(t)]
a<t<b

:am@@+Lkwaﬂmmmw—@®+Ax@@ﬂmmmwﬂ

a<t<b
= sup {| [ (xt.1 1 e) ~ o2 o
< sup { [t | bf@mﬂ@) f(zrun(a))| =)
= as;;gb/ Ix(t, 2z |dz fzyui(2) — f(z,u2(z2)) dz}

=< sup / Ix(t, 2z |dz fzu1(2)) — f(z,uz(z ‘dz}

a<t<b
2Lhma—mww4

1 b
< — sup |uq(t) — ua(t)|dz
_2@_axlaﬁ%!ﬂ) 2 (1)
1
=5 s fur(t) — wat)
a<t<b

i.e d.(Tuy, Tug) = %(dr(ul,UQ)) < M Which amounts to say that

M(ul, UQ>

dr (Tul, TUQ) S 9 y

where

M (uy,uz) = max {d, (u1,u2) ,dy (v1, Tur) , dy (u2, Tug) ,

o
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dr (ul, Tul) dr (UQ, TUQ) dr (ul, Tul) dr (UQ, TUQ)
1+d, (u1,u2) " 1+dy (Tuy, Tuz)

Taking ¢ (M (u1,uz2)) = 5, the above inequality turns into

dr(Tuy, Tuz) < w(M(ul,uz))

Thus, all the hypotheses Theorem 2 are satisfied and we conclude that T’
has a unique fixed point z* in X, which amounts to say that integral equation
(4) has a unique solution which belongs to X = Cla, b]. O
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Mydacup |7|0yHVICa, Hukona ®abuaHo®, 3aud M. dagann®,
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8 YHMBEPCUTETCKUIA TEXHOMOMMYECKUIA UHCTUTYT - PITIB,
Kadegpa npuknagHom matematuku, r. bxonan, M., Ungus

5 HesaBWCUMBII MccnedoBaTenb, . Pum, Utanus

® [lamapcKuii yHUBEPCUTET, NeJarormieckuii hakynsrer,
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PYBPUKA TPHTW: 27.00.00 MATEMATUWKA:
27.25.17 Metpuyeckas Teopus yHKUMN,
27.33.00 UHTerpanbHble ypaBHEHUS,
27.39.29 MpubnmxeHHble MeToabl
(PYHKLMOHANbLHOrO aHanmsa
BWA CTATbW: opurnHanbHas Hay4Has ctaTtbs

Pesrome:

BeedeHue/uyenb: B OaHHoU cmambe obcyx0aromcs, CyMMupy-
romces u ynyywiaromcesi He0asHue pe3yribmamsl O HeNnoO8UXHbIX
moykax 8 NpsIMOy20/IbHbIX MEMPUYECKUX MpocmpaHcmeax. Lle-
b0 QaHHOU cmambu senissiemcsi npedcmaerneHue 20pa3do 6o-
Jiee Mpocmbix U KOPOMKUX 00Ka3amesibCime HEKOMOPbIX HOBbIX
pesynbmamos 8 obniacmu npsiMoy20/1bHbIX Mempu4YecKUX po-
cmpaHcme.

Memodbi: B cmambe npumeHeHbl cmaHOapmHbie Memodbl meo-
puu HernoO8UXHOU MOYKU 8 0606WEHHbBIX MEMPUYECKUX Mpo-
cmpa+Hcmeax.

Pesynbmamei: lNony4yeHHbIe pe3ynibmambsi daHHO20 uccriedosa-
HUS yrydwarom u3gecmHbie pesyribmamsi cyujecmsyrouwed nu-
mepamypbi. bnasodapsi Hosomy nodxody OokaszaHa rnocriedo-
eamernibHocmb Kowu-lNukapa 8 npsiMoy20/ibHbIX Mempu4YecKux
npocmpaHcmeax. [lony4deHHble pe3yrnbmambl MakXe Ucrosb-
3yromcsi Onsi 0okazamernbcmea 3K3UCMeHUualbHbIX peuweHul
HEKOMOpPbIX HeMUHelHbIX 3adad, OMHOCAWUXCA K XUMUYECKUM
Haykam. B koHUe cmambu 3adaemcsi OmKpbIMbili 80rpPOC 8 C8si-
3U ¢ 0606WEHHBIMU CXXambIMU OmMObpaXkeHUsIMU 8 rPsIMOY20sb-
HbIX MEMPUYECKUX NpOCmpaHcmeax.

Bbigo0bi: B cmambe npueedeHbl HO8ble pe3yribmambl, Kacaro-
wuecst meopuu HernoOBUXXHbLIX MOYEK 8 MPSIMOY20/IbHbIX Mempu-
YecKUX npocmpaHcmeax, MPUMEHEHHbIE 8 peueHUU HEKOMOPbIX
npobriem 6 obriacmu XUMUYECKUX HayK.

Knrouesnle criosa: HerodsuxxHasi moyka, npsiMoy20/ibHoe Mem-
pu4eckoe rnpocmpaHcmeo, cxamoe omobpaxeHue, hyHKYUS
pbuHa.

<>



HAMOMEHE O HEKUM PE3YNTATUMA O HEMOKPETHUM
TAYKAMA Y MPABOYTAOHM METPUYKMM MNMPOCTOPUMA
CA NMPUMEHAMA 'Y XEMWNJU

Mydacup JoyHnuc?®, Hukona dabuaHo®, 3aud M. dapann®,

3opan [. Mutposuh', CmojaH H. PageHoBuh?

& YHMBEP3UTETCKM UHCTUTYT 3a TexHomnorujy - PITIB,
Operbene 3a npuMmeneHy matematuky, bonan, M. I, Unguja

5 HesaBucHN ucTpaxusay, Pum, Utanuja

® YuuBepauTeT Tamap, Megarowwku gakynTer,
Operbene 3a MaTeMaTuyke Hayke, Tamap, Penybnuka JemeH
" YHuBepauTeT y Barboj Jlyun, ENekTpoTexHuykn dakynTer,
Bansa Jlyka, Penybnuka Cpncka, bocHa un XepueroBuHa,
ayTop 3a Npenucky
A YHusepauTeT y Beorpagy, MawwmHcku akynTer,
Beorpag, Peny6nuka Cpbuja

OBNACT: matemaTtuka
BPCTA YJTIAHKA: opurnHanHu HayyHu pag

Caxxemak:

Yeod/uurs: Y oeom pady ce pasmampajy, yonuimasajy u nobosb-
waeajy HedagHuU pe3ysimamu O HerOKPemHUM madykama y OKeu-
py npasoye2aocHuUx Mempuykux ripocmopa. Lurs ogoe pada je Oa
npy>xu MHO20 jeOHocmasHuje u kpahe 0okase 0 HEeKUM HO8UM pe-
3ynmamuma y rnpasoyeaoHUM Mempu4yKuM rpocmopuma.

Memode: Kopucme ce cmaHdapdHe memode u3 meopuje Hero-
KpemHe madke y 2eHepanu308aHUM MEMPUYKUM pocmopuma.

Pesynmamu: [obujeHu pe3ynmamu robosbwasajy 0o6po ro-
3Hame pe3ynmame y numepamypu. Kopucmehu Hosu npucmyn
Ookazsyje ce Oa je lNukapose HU3 Kowujes y okeupy rpasoyeao-
HUX Mempuykux npocmopa. LobujeHu pe3ynmamu Kopucme ce
3a 0oka3 e23ucmeHyuje pewera HeKUxX HesluHeapHUX rnpobrie-
Ma Koju ce rnpuMerbyjy y XxeMujckum Haykama. Ha kpajy ce daje
JjeOHO 0meopeHo numakr-e 3a 2eHepasiu3osaHa KOHmMpaKmueHa
rpecriukasarsa y rpasoy2aoHUM Mempu4KuM rpocmopuma.

Bakrbyyqak: Jamu cy Hosu pesyrimamu 3a HEeroKpemHe madke y
rpasoy2acHUM MEeMPUYKUM rpocmopuma ca npuMeHoOM Ha Heke
rnpobrieme y XxeMUjCKUM HayKaMma.

KrbyyHe peuu: HernokpemHa madka, rpaeoy2aoHu MempuyqKu
pocmop, KOHMpPakmMuUeHo npecsiukasarbe, [puHosa hyHKyuja.
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Abstract:

Introduction/purpose: The article should specify the network signaling
type Q-SIG, which is standardized especially for implementation in
digital telecommunication networks of integrated services (ISDN),
emphasizing the possibility of its further application in the Private
Telecommunications Network of Integrated Services of the Serbian
Armed Forces (PISN of SAF), i.e. in the Private Automatic Telephone
Network of the Serbian Armed Forces (PATN of SAF).

Methods: An analysis of the existing standards was performed: ECMA-
355 and ECMA-336 and a synthesis of the possibilities of their
application in the PATN of SAF.

Results: The procedure for the application of Q-SIG is processed in a
situation when the peripheral parts of the PISN of SAF, which operate
on the principle of transmission and circuit switching by TDM (Time
Division Multiplexing), are connected via a central Core network with
the IP (Internet Protocol), which operates on the principle of packet
transmission and switching with the SIP (Session Initiation Protocol). A
method of the application of the tunneling of encapsulated Q-SIG
messages through the IP network, defined by ECMA-355 Standard,
has been developed. The necessary functions for mapping the
transmission of tunneled signaling messages Q-SIG and mapping
voice (and other audio) information to media streams during VoIP
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(Voice over IP) communication through that network, which are defined
by ECMA-336 Standard, are described.

Conclusion: The application of ECMA-355 and ECMA-336 Standards
is a new solution in the PATN of SAF with the use of the IP network to
connect the IP PINX using the Q-SIG tunneling procedures and
mapping functions for their transmission and transmission of audio
signals. This then opens up a whole range of new possibilities that,
with the growth of the Core network and their application, will rapidly
contribute to the creation of a broad Telecommunication information
system backbone for the implementation of real-time multimedia
communications and the transition to Unified Communications (UC).

Key words: PATN SAF, Q-signaling, PISN, PINX, Internet protocol,
SIP, ECMA standard, Q-SIG tunneling, encapsulation, mapping
functions.

Introduction

The Serbian Armed Forces (SAF) in peace have extremely high
requirements in terms of the use of modern telecommunications
solutions, which primarily refers to the sufficiently fast and quality
processing and transmission of accurate and protected information
(spoken and non-spoken). At the same time, it is very important to offer a
wide range of modern telecommunication customer services and network
services to the users of the SAF through the transmission of this
information, whose technical support it should provide, not only on TDM
(Time Division Multiplexing) but also on the IP (Internet Protocol)
platform, modernly organized and functionally oriented Private
Telecommunications-Information System (PTIS). As such, the PTIS SAF
should be a unique telecommunications-information platform, which, in
addition to the fixed part, integrates the Mobile component of the PTIS
(MC of PTIS), primarily intended for communication on the ground and in
combat conditions. Due to its complexity, organization, achieved degree
of technical integration and geographical distribution, the PTIS SAF
coincides with the performance, determinants, and standards of the
modern CTN (Corporate Telecommunication Network) (University of
Belgrade, 2001). This then means that it is not completely closed and
self-centered, but that, through different and geographically disparate
interconnections, it is connected to the Public Switched fixed and Public
Mobile Telecommunications Networks (PSTN and PMTN), as well as to
the existing Functional, digital trunking mobile radio network TETRA
(Terrestrial Trunked Radio) (Svrzié & Cosovié, 2002).
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After significant modernization and growth of the mobile component
of the system, the basic assumption is that the existing fixed part of the
PTIS and, within it, the fixed Private Automatic Telephone Network
Serbian Armed Forces (PATN SAF) must be adequately and efficiently
integrated into the rapidly growing Integrated Telecommunications-
Information System SAF (ITIS SAF), so that, for them, they represent a
modern, completely  appropriate and  stimulating stationary
telecommunication-information basis. At the same time, the accepted
international obligations of the Republic of Serbia and the commitment to
international military integration, require that the fixed PATN SAF be
interoperable with adequate systems (networks) of other countries and
military organizations (Ministry of Defense of Norwey, 2004). Due to such
requirements (for organization, modernity and interoperability), there is a
constant obligation to regularly perform comprehensive analyzes of its
condition in the PATN SAF and to find principles and methods for
necessary selective improvements. Thus, at the beginning of 2005, the
existing complex and heterogeneous solution of the Network signaling
system in the PATN Serbian and Montenegro Armed Forces (SMAF)
(Svrzi¢, 2019) was comprehensively observed and it was found out that it
did not have sufficient power for application in modern conditions.
Through the synthesis for the solution of the observed problem, the
completely new, towards the ISDN (Integrated Services Digital Network)
oriented and globally standardized, System of digital network signaling
type Q-SIG (Q-Signalization) was imposed (and later in practice proved
to be optimal). The International Telecommunication Union-
Telecommunication Standardization Sector (ITU-T) has intended and
designed such signaling specially for use in CTN, that is, in private
ISDNs, the so-called PISNs, which the PTIS Serbian Armed Forces
certainly is (InterConnect Communications, 1995).

The Q-SIG standard corresponds to the framework of the
international standards for open system interconnection and the IPNS
ISDN PBX (Private Branch Exchange) network specifications, which
define how to connect private digital automatic telephone exchanges of
integrated services, so-called PINX (Private Integrated services Network
eXchange), within PISN (Private Networks of Integrated Services).

Q-SIG standard in private telecommunications
networks

The name Q-SIG came from the fact that it is realized in the "Q"
reference point of the ITU-T ISDN reference model, i.e. at the logical
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level of a digital switching system, which in fact defines the distinction
between two connected Digital automatic telephone exchanges (DPABX)
in an ISDN. Such DPABXs are then called PINXs, because the
integration of standardized services is realized through them in the
network. In the extended ITU-T ISDN reference model, two new points
are identified: Reference point “Q” and Reference point “C”. The
Reference point "Q" is the logical point of realization of signaling between
two PINX, which means that signaling (i.e. Q-SIG) messages are
generated, sent, received and processed on it. The Reference point "C"
represents the interface through which a physical connection is
established with the participating PINX. For the transmission of Q-SIG
messages, as a ftransport or so-called IVN (Intervening Network),
dedicated channels (analog or digital), 2 Mb/s digital multiplex group from
TDM or switched connections for VPN (Virtual Private Networks) are
used. Different interface-dependent protocols may appear at the
Reference point "C", which also depends on the type of IVN. These IVNs
do not necessarily have to be ISDNs, but are generally assumed to be
digital channels, as Q-SIG is primarily intended for use when operating
on TDM CCS (Common Channel Signaling), using the G.703 interface in
the Reference point “C” (InterConnect Communications, 1995).

Several individual Q-SIG standards precisely define the signaling
system at the "Q" reference point, so that it will work successfully in any
suitable way of connecting PINX equipment. The Q-SIG protocol stack
(Steck Q-SIG) is identical to the structure of the DSS1 protocol (Digital
System Signaling 1), as both follow the /SO reference model and can
have identical Layer 1 and Layer 2 (Layer 2 - LAPD). However, at the
third level, i.e. on Layer 3, which is divided into three sublayers here, Q-
SIG and DSS1 differ significantly. A simplified messaging sequence,
which according to the specifications of ECMA-142/143 Standard takes
place on the first sublayer of the network Layer 3 (Ecma International,
2001a), (Ecma International, 2001b), when establishing Q-SIG BC (Q-
SIG Basic Call) between the end PINX "X" and "Z", and via the transit
PINX "Y", is shown in Figure 1.

The second sublayer of Layer 3 is the Q-SIG GF (Q-SIG Generic
Fuctional Protocol), according to the specifications of ECMA-165
Standard (Ecma International, 2001c), which provides a standardized
mechanism for exchanging signal information for managing additional
services and the ANF (Additional Network Feature). The procedures for
each of the standard supplementary services are defined in other
individual standards presented through Appendix D (InterConnect

Communication, 1995).
€



Setup Setup
Call Proceeding Call Proceeding
) Alerting N Alerting
) Connect ) Connect
PINX Connect Ack R PINX Connect Ack : PINX
X Y z
(Tooo OO0
Disconnect Disconnect
Release il Release .
Release Complete " Release Complete
Terminal Terminal Terminal
Node Node Node

Figure 1 — Sequence of messaging at Q-SIG BC which includes the transit node in the
network (InterConnect Communication, 1995)
Puc. 1 — lNocnedosameribHocmb obMeHa coobueHusmu 8 Q-SIG BC, eknoyarowjasi
mpaH3umHbIl y3en e cemu (InterConnect Communication, 1995)
Cnuka 1 — CekseHua pa3meHa nopyka rpu Q-SIG BC koja obyxeama u mpaH3umHu 460p
y Mpexu (InterConnect Communication, 1995)

The third sublayer of Layer 3 defines specific Q-SIG procedures in
the “Q” reference point for individual additional services. Within it, CTN
users and the world's leading manufacturers of a particular type of PBX
have specified some additional services as proprietary. In addition to the
right of priority use of standardized services, they also demanded the
retention of the right to the possibility of innovative extensions to improve
their business performance, so ITU-T defined the methodology of
standardization of all additional Q-SIG services in Recommendation 1.130
(InterConnect Communications, 1995).

Application of Q-SIG in the PATN of the Serbian
Armed Forces

At the time of the aforementioned Q-signaling testing, the Army
PATN was a complex and heterogeneous functional network of
automatic telephony, most of which consisted of dozens of DPABXs and
the newly introduced ISDN PABX (Private Automaticlly Branch
Exchange) of various manufacturers (only a few were partially IP
oriented). These ISDN PABXs in the network were connected by a mixed
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architecture of "stars" and "loops", with a multi-level structure: end, node,
transit and main transit DPABX. By applying Q-SIG as a CCS-oriented
network signaling system, at the beginning, between ISDN DPABXs of
different manufacturers in the fixed PATN of the Army, the possibility for
their interoperability was first provided. Later, interoperability was
provided between these DPABXs and the switching centers within the
MC of PTIS, as well as the switching center of the Digital Mobile Radio
Network TETRA (Svrzi¢ & Cosovi¢, 2002). In that way, interoperability
was ensured in advance with the PINX from the PTN (Private
Telecommunication Networks) of other armies or military alliances, with
which will later be in telecommunication interconnection, and with the
switching nodes of public mobile telephony operators. Today, the PATN
SAF has achieved complete independence from various ISDN DPABX
manufacturers and high integration of the planned scope of
implementation of basic and additional user services and network
services specified by Q-SIG, which have become available to the users
of that network, regardless of which switching node is connected (Svrzi¢,
2019).

However, when it comes to further continuous application of Q-SIG
in the PATN SAF, as a large part of the ITIS SAF which today contains
the PISN (Private Integrated Services Network) in combination with the
Private IP network SAF (Intranet SAF) based on the SIP (Session
Initiation Protocol), the following is undoubtedly the most important
priority for the SAF: to ensure that these services are realized in the most
economical way, not only on its homogeneous ISDN parts, but also on
parts with the IP / SIP transport networks (the IP networks from the
framework of the Intranet). In this case, the switching equipment of any of
the present manufacturers must not be technologically outdated in the
near future, but must be used when the IP platform is the dominant
medium for signal transmission between them.

In connection with such obligations, in the last few years a number
of node and transit DPABXs have been modernized or completely
replaced, which have become interoperable (at the IP/SIP level) with the
newly built IP network-Infranet SAF, which offers a packet switching
mode and transmission of all services (without connection) based on the
IP (Internet Protocol), as a network layer protocol. This primarily refers to
modern hybrid IP/digital switching systems, the so-called IP PINX, which
are specially designed to work in the PISN and, using an integrated
Gateway, are capable of interacting with both the ISDN and IP/SIP
environment, and with the possibility of continuing the successful
application of network signaling type Q-SIG. Such IP PINXs today play
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the role of main entities in the PISN SAF, while successfully supporting
networking with the use of Q-SIG, in accordance with ECMA-142 (Ecma
International, 2001a), ECMA-143 (Ecma International, 2001b), and
ECMA-165 (Ecma International, 2001c), as well as the implementation of
all additional services and Additional network functions-ANF in
accordance with the relevant individual Q-SIG standards (Annex D from
the literature (InterConnect Communications, 1995) and (Svrzi¢, 2019).

Description of the Q-SIG tunneling principle via the SIP

ECMA-355 Standard (Ecma International, 2008) is in charge of
defining the Q-SIG interconnection of services and signaling protocols in
modern CTNs, which also contain transport IP boundaries within their
PISNs. Specifically, ECMA-355 Standard specifies the procedure of
tunneling Q-SIG messages via the SIP (Session Initiation Protocol)
defined by Recommendations RFC 3261J and RFC 3311 (Rosenberg et
al, 2002), (Rosenberg, 2002). The SIP is an application layer protocol for
establishing, terminating and modifying multimedia sessions and is
commonly transmitted over the IP, as defined by Recommendations RFC
760 and RFC 791J (University of Southern California, 1980a), (Deering &
Hinden, 1998), where telephone calls are considered a type of
multimedia session in which only audio signals are exchanged.

The application of the Q-SIG message tunneling procedure allows
calling between PINX, i.e. "islands" within PISN parts with circuit-
switched circuits using Q-SIG, including the case when they are
interconnected by a transport IP network (using the SIP), without losing
Q-SIG functionality. This means that even in such situations, they provide
their participants with a basic Q-SIG call, as well as additional services
and all ANF. Namely, this innovated standard facilitates the introduction
of improved SIP and SDP functionalities (Session Description Protocol)
described by Recommendation RFC 3264J (Rosenberg & Schulzrinne,
2002), which include the possibility of using encryption of useful signal
and mechanisms for more functional exchange of information (offers and
responses) within the functioning of the SDP. Among other things, a
more functional exchange of information implies mandatory renegotiation
(i.e. negotiation in the opposite direction) during the exchange of
bids/responses with the SDP, and, in order to achieve compatibility with
the earlier issue of standards, an indicator was introduced to detect
changes in signaling procedures. This indicator dynamically detects the
need for withdrawal and application of signaling procedures in
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accordance with the previous edition of the standard (Annex A, ECMA-
355).

Large CTNs often contain marginal PISNs that use Q-SIG, as well
as their own central IP networks (Core network) that use the SIP, so in
terms of telephony within their framework, two different cases may occur:

1) Q-SIG call or Signaling connection independent of Calls (SCloCs)
can originate from a user connected to the PISN and end up with a user
connected to an IP network or vice versa. In both situations, the Gateway
is a network entity that provides Q-SIG and SIP interconnection at the
boundary between the PISN and the IP network. The realization of the
basic interactive call via the Gateway for such communication, i.e. for the
mode of mutual operation, is specified in ECMA-339 Standard (Ecma
International, 2006).

2) Q-SIG calls or only SCloCs, which originate from the “A” user
connected to the PISN, pass through the IP network using the SIP, and
end with the “B” user connected to another PISN (or another part of the
same PISN). ECMA-355 Standard deals with just such a case, because
in such a connection case all the possibilities of Q-SIG are retained
during transport through the IP network. This is achieved by applying the
process of tunneling Q-SIG messages within SIP requests and SIP
responses, which are exchanged in the context of a specified SIP
dialogue.

It should be noted that according to ECMA-339 Standard, each
Gateway can provide a mode of interaction between the PISN and the IP
network, but only the realization of the basic Q-SIG call is enabled (Ecma
International, 2006). Thus, this standard specifies the interoperability of
the PISN (with Q-SIG) and the IP network (with the SIP), only for the
service of the basic Q-SIG call, which is then implemented according to
the procedures specified in ECMA-143 Standard (Ecma International,
2001b). Other features of Q-SIG (support for additional services and
ANF), which are specified in other individual ECMA standards for Q-SIG,
as well as specifications specific to a particular manufacturer of a
particular type of PINX, are not covered by such connections. Some of
these additional Q-SIG services are suitable for interconnection with the
SIP and are considered by other individual ECMA standards, while
others are not suitable for this, as there are no appropriate elements in
the SIP (or these services are provided within the SIP in a way that is not
compatible with Q-SIG). (Ecma International, 2008), (Svrzi¢, 2019)
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Architecture applicable in practice

From the point of view of the application of ECMA-355 Standard,
both globally and within the modernized PATN SAF, it is interesting to
mention the network scenario indicated in the second case of connection
realization, in the basic Q-SIG call or only SCloCs, which is achieved by
using the Gateway at each crossing, between the PISN (which uses Q-
SIG) and the IP network (which uses the SIP). In this sense, the Gateway
is an IP network entity, which acts as a Q-SIG transit PINX, where the Q-
SIG is transmitted via a circuit-switched connection, within the PISN (at
both ends), and tunneling via the SIP, within the IP network ( i.e. on the
Core part) from the PTN. Such an architecture of an interesting part of
the heterogeneous PTN is shown in Figure 2.

PISN PISN
(QSIG) (QSIG)

PINX Gatewl . . Eateway PINX

Figure 2 — Arrangement of entities when making calls from Q-SIG, via the SIP, to Q-SIG
(Ecma International, 2008)
Puc. 2 — PacnionoxeHue cyuHocmedl rnipu ocyuwecmerneHuu 386oHkog8 om Q-SIG, yepes
SIP, k Q-SIG (Ecma International, 2008)
Cnuka 2 — Pacrioped enmumema ripu peanu3ayuju nodusa o0 Q-SIG, npeko SIP, Ha Q-
SIG (Ecma International, 2008)

4—— P Network (SIP)————»

In general, the interoperability between the displayed parts of the
network with Q-SIG and the SIP will be limited on the Gateway itself, i.e.
only those Q-SIG capabilities that have sufficiently compatible
equivalents in the SIP will be transferred, as each of them requires a
separate implementation in the Gateway. Therefore, a typical Gateway
can provide interoperability of Q-SIG and SIP networks, only for that
subset of Q-SIG capabilities for which it possesses the necessary SIP
interoperability implementations. This then necessarily implies a
possibility of losing some of the possibilities within the realization of Q-
SIG calls, both in the direction from Q-SIG to the SIP, and in the opposite
direction. Also, for a case similar to the one shown in Figure 2, some of
the Q-SIG capabilities may be lost if the two participating Gateways are
of different types (from different manufacturers), since only those Q-SIG
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capabilities that are common to both Gateways enable “end-to-end”
connectivity.

The practical application of ECMA-355 Standard (which is also the
case in the PATN SAF), which defines the procedure for tunneling Q-SIG
messages through an IP network, i.e. their integration (encapsulation)
within SIP messages, solves such situations and there is no possibility to
lose parts of Q-SIG in the mentioned "end-to-end" connection. In this
case, one of the two Gateways creates a SIP dialog with the other
Gateway, and the SIP messages within that dialog are used to tunnel Q-
SIG messages. Through the use of the SDP, the SIP dialog also
establishes a session in which media streams carry user information
between two "Q-SIG Gateways", which then function as Q-SIG transit
PINX, transmitting both user information and Q-SIG messages, with little
or no modification.

In a conventional PISN (meaning TDM/ISDN) that uses Q-SIG, the
two PINXs are connected using an IPC (inter-PINX connection), which
contains CCS signaling (which carries Q-SIG messages) and usually one
channel that carries user information (speech, modem information, or
data). However, in the present Q-SIG tunneling solution, the IP network
provides an IPC between the two Gateways, which can then function as
transit PINXs. The tunnel, which provides the SIP for Q-SIG messages
within an IP, acts as a signaling transmission channel, while the
established media streams function as separate receiving and
transmitting channels for transmitting user information. The audio stream,
or other user information, is transmitted in UDP (User Datagram
Protocol) packets, as described in RFC 768 Recommendation (Postel,
1980), in which case they contain RTP (Real Time Transport Protocol)
packets, described by RFC Recommendation 1889 (Schulzrinne et al,
1996). Such transmission is performed in both directions of the
connection between the participating Gateways, through an established
SIP session, when a pair of media streams is usually established, i.e.
one media stream for each direction of communication.

The role of ECMA-355 Standard to solve the modernization of Q-
SIG use in the PATN SAF is such that it covers only the case of the IPC
type in which a single dialogue between two Gateways is used to realize
one Q-SIG call or one Signaling connection independent of calls, as
defined in ECMA-165 (Ecma International, 2001c¢). This then means that
ECMA-355 in the PATN SAF will only apply to situations where the SIP
dialog is established at the beginning of the establishment of a Q-SIG
call, or SCloC, and deleted upon their initiation (or termination). An
improved scenario, according to which one SIP dialogue would be
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maintained in the long run and used to tunnel multiple Q-SIG calls, or
multiple SCloCs, with the possibility to accept them at any time (including
those that are just being generated), is not supported in the specifications
of the said standard, so it cannot be applied either within the PATN SAF.
(Ecma International, 2008), (Svrzi¢, 2019)

Realization of the basic Q-SIG call during tunneling via
the SIP

When the Ingress Gateway (Input Gateway), which manages the
establishment of an initiated Q-SIG call in the direction of PISN-IP
networks, receives from the PISN the initial Q-SIG message "SETUP"
(request to establish a basic Q-SIG call), it sequentially, according to the
IP network, must generate a SIP "INVITE" request using the Request-
URI. Within the SIP dialogue procedure, i.e. SIP request/SIP response
sessions, the Ingress Gateway will route the request over the IP network
to the appropriate Egress Gateway (Output Gateway), which will manage
the establishment of the Q-SIG call at the far end, in the direction from
the IP network to the PISN (Figure 2). This then means that the Request-
URI within the SIP request must, in some way, be derived from the
defined destination of the Q-SIG call (as the indicated number of the
called party, in the information of the received Q-SIG message
"SETUP"). With its existence, the Request-URI can act in two different
ways: 1) to explicitly determine the Egress Gateway for the requested
connection, or 2) to simply determine the desired end destination of the
connection, without specifying the Egress Gateway.

To act in the first case, there must be some capacity in the Ingress
Gateway with the ability to search for addresses online, in order to
explicitly determine the Egress Gateway. However, to act in the second
case, algorithmic mapping of the called page number in the Request-URI
may be sufficient, but this then represents a task for the SIP proxy, that it
needs to select the appropriate Egress Gateway. In such a situation, the
SIP proxy can, for example, route an "INVITE" request to the UAS (User
Agent Server), which is not the Egress Gateway for Q-SIG, in which case
Q-SIG tunneling will not be possible. Enabling the realization of Q-SIG
calls in this way is undesirable, because it creates a situation in which the
mode of mutual operation via the SIP is more suitable for operation. To
prevent such a possibility, an adequate mechanism is defined in the
system, initiated only by the presence of "INVITE" requests, which
explicitly implies the Q-SIG tunneling mode. Namely, the mechanism will
be manifested in such a way that the request "INVITE" will be rejected by
the Exit Gateway, if it does not support this possibility. Otherwise, it
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would imply a situation where the Ingress Gateway must simultaneously
map the Q-SIG message “SETUP” to the SIP request “INVITE”, both in
accordance with ECMA-355 Standard and in accordance with ECMA-
339 Standard (Ecma International, 2006), (Ecma International, 2008),
(Svrzi¢, 2019).

Although this situation seems to be only partially feasible, it is
architecturally very problematic, because by applying the Q-SIG
tunneling mode the Input Gateway should behave like a Q-SIG transit
PINX, while when applying the mutual mode operation, according to
(Ecma International, 2006), it should act as a Q-SIG Outgoing Gateway
PINX. The Incoming Gateway will then not know for sure which behavior
to accept, until the SIP response "200 OK" arrives, and therefore will not
know how to manage information related to certain Q-SIG user
capabilities from the Q-SIG message SETUP “(Additional services, ANF
and specific capabilities of the manufacturer). For this reason, ECMA-355
and ECMA-339 Standards require that the Input Gateway have the ability
to make a precise decision between the application of the Q-SIG
tunneling mode or the interoperability mode, respectively. (Ecma
International, 2008)

Call realization using independent signalization during
tunneling through the SIP

It should be noted immediately that the determinant of ECMA-355
Standard, according to which it also refers to the case of establishing a
call by type: only Signaling connection independent of the call, should be
understood that it also applies to Q-SIG calls where only transmission,
i.e. transport, signaling information, and without the procedure of
establishing voice communication (without media flows).

When the Input Gateway from the PISN receives the initial Q-SIG
message "FACILITY", as a request for the realization of the
communication type SCloC only, it should generate a SIP "INVITE"
request using the Request-URI, which will direct this request to the
appropriate Output Gateway. So, in this case as well, the Request-URI
must be derived in some way from the defined destination from the Q-
SIG "FACILITY" message (as the indicated number of the called party).
Of course, techniques similar to those described used in making the
basic Q-SIG call will be used on this occasion as well. Note that even
with the implementation of this type of connection (by type of signaling
transport without audio connection), it may happen that, based on the
requested destination from the Q-SIG "FACILITY" message, the Input
Gateway finds that the desired destination is not accessible via Q-SIG
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tunneling through an IP network. In this case, the Q-SIG Input Gateway
can either direct the message further to the PISN or discard it. (Ecma
International, 2008), (Svrzi¢, 2019)

Encapsulation of Q-SIG messages in SIP messages

When performing any of the procedures provided for the Q-SIG
tunneling process via the SIP, the participating Gateways will behave as
a Q-SIG transit PINX, as specified in standard (Ecma International, 2008)
and by Recommendation RFC 3264J (Rosenberg & Schulzrinne, 2002),
but also somewhat modified, as will be described below.

When encapsulating a Q-SIG message within a SIP message, the
Gateway first includes that Q-SIG message in the MIME body of the SIP
request or the SIP response (according to RFC Recommendation 3204
(Zimmerer et al, 2001), using a media/Q-SIG application, which means
that Q-SIG message segmentation does not apply here. If it is necessary
to use any other MIME body (e.g. from an SDP offer/response), the
Gateway will use a multiple MIME body. In the case of a single MIME
body, the Gateway will include the "Content-Disposition" header field,
which indicates "signal' and "“handling = required", as the SIP
request/SIP response header field. In the case of a multiple MIME body,
the Gateway will include the “Content-Disposition” header field as the
header field of only that MIME body, from the SDP bid/response that
contains the Q-SIG message. (Ecma International, 2008), (Svrzi¢, 2019)

Management of Q-SIG "SETUP" messages on the
Ingress Gateway

To monitor the workflow of the Ingress Gateway after receiving the
Q-SIG message "SETUP", when establishing a Q-SIG call from Q-SIG
via SIP to Q-SIG, the flow chart from Figure 3 should be followed.

Sending SIP requests "INVITE"

Upon a receipt of the Q-SIG message "SETUP" from the calling
PINX, suitable for tunneling via the SIP through the IP network to the
Output Gateway, the Input Gateway must generate an initial SIP
"INVITE" request, which contains a Request-URI and must be suitable
for routing to the Gateway. In doing so, the Input Gateway necessarily
encapsulates the incoming Q-SIG message "SETUP" within the initial
SIP "INVITE" request. The Request-URI is then derived from the
information about the called party number in the Q-SIG message
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"SETUP", so that the relevant Output Gateway can be explicitly identified
based on it.

QsIG Ingress Egress QasIG
PINX Gateway Gateway PINX

| asic | | asic |

1-INVITE
________ SETUP _ _____ (Contact: ingress; new_sdp by ingress) | _ _ _ __ _ _SETUP .
- [SDP offer]

CALL PROCEEDING [SETUR]
""""""""" 1-100 Trying
1-2000K
{Contact: egress; new_sdp_by_ingress)
[SDP answer] ‘o]
[CALL PROCEEDING]
1-ACK

2-INVITE

[SDP offer]
2-100 Trying

2-2000K

ALERTING 3-INFOIZ000K ALERTING
[ALERTING]
COMNMNECT A4 INFOHZ000K COMNMNECT
[CONNECT]

5-INFO/2000K 7
CONNECT ACK [CONNECT ACK]

Figure 3 — Establishing a basic Q-SIG call from Q-SIG, via the SIP, to Q-SIG (Ecma
International, 2008)
Puc. 3 — YemarosneHue 6a3o08020 gbi308a Q-SIG om Q-SIG yepes SIP k Q-SIG (Ecma
International, 2008)
Cnuka 3 — Ycriocmaerpare ocHosHoz Q-SIG nosusa 00 Q-SIG, npeko SIP, Ha Q-SIG
(Ecma International, 2008)

In a SIP "INVITE" request, the "From" field is the message header,
which identifies the Incoming Gateway or the calling party (derived from
the Q-SIG "Calling party" information element), while the "Contact" field
is the header of the same SIP "INVITE" messages, which must include
information on the capabilities of the UA (User Agent), in accordance with
Recommendation RFC 3840 (Rosenberg et al, 2004), and the URI
parameter type:

"+ U.ecma-international.org/ecma355/new_sdp_by_ingress",
which then indicates that there is support for the implementation of the
procedures defined under ECMA-355 Standard.

Thus, the encapsulated Q-SIG message "SETUP" may differ slightly
from the received "SETUP" message PINX, all in accordance with an
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acceptable modification to the Q-SIG Transit PINX (example of changing
the element of channel identification). In particular, both the channel
number field and the priority/exclusive field should contain the value “71”
(exclusive).

Also, in the case of establishing a basic Q-SIG call, the SIP "INVITE"
request must contain an SDP offer, which proposes a pair of media
streams, i.e. one stream in each direction (“a = sendrecv”’), so that the
Input Gateway can later map them in the user information channel, which
is specified in the channel identification information element in the
received Q-SIG message. Media streams will be suitable for use in
accordance with the carrier capability information element from the
received Q-SIG message "SETUP". It should be noted that in the case of
establishing a SCloCs-only call, the "INVITE" request must contain a
different SDP offer, which contains the zero "m" line ("m = 0")
(Rosenberg & Schulzrinne, 2002).

After sending the SIP "INVITE" request, the Incoming Gateway will
not encapsulate any further message received from the Q-SIG media,
until it receives the SIP response "1-200 OK" from the IP media (i.e. from
the Output Gateway) with the encapsulated Q-SIG message "SETUP
ACKNOVLEDGE" or "CALL PROCEEDING". The SIP response "1-200
OK" also contains an adequate SDP response to the initiated negotiation
procedure. (Ecma International, 2008), (Svrzi¢, 2019)

Receipt of a response to the SIP request "INVITE"

The usual way of the UA managing the SIP response, upon the
request "INVITE", means that the Input Gateway, upon receipt of the final
SIP response type "4-xx", "5-xx" or "6-xx", with the encapsulated return
Q-SIG message, must take an alternative action: 1) to route Q-SIG calls/
SCloC calls, or 2) to delete them. The routing method is not described by
ECMA-355 Standard, while the deletion activity is performed using the
corresponding causal value in the "Cause" information element, from the
encapsulated Q-SIG message for disconnection ("DISCONNECT",
"RELEASE" or "RELEASE COMPLETE").

Therefore, when the SIP response contains the encapsulated Q-SIG
message "RELEASE COMPLETE", the Input Gateway should use the
causal value, from the "Cause" information element in that message, to
define the causal value for the implementation of Q-SIG or SCloC call
deletion activities. The Input gateway then defines a causal value that
reflects the fact that the next PINX is unavailable (e.g., causal value "3" =
"No route to destination"). In case the selected UAS does not support the
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encapsulated Q-SIG, the final SIP response can be expected in the form
of a SIP message: “415” = “Unsupported media type”.

By receiving the SIP response "1-200 OK" with the encapsulated Q-
SIG message "CALL PROCEEDING" and containing the SDP response,
the Input Gateway receives an order to perform normal SIP processing,
including the generation and transmission of pure SIP requests "1-ACK",
and to continue acting on each encapsulated Q-SIG message. In this
regard, the Input Gateway first checks for the presence of a URI
parameter in the "Contact" field of the SIP response header "1-200 OK":
“+ U.ecma-international.org/ecma355/new_sdp_ by ingress”.

If the URI parameter is present, then the Input Gateway must
immediately generate a SIP request "re-INVITE", in which the same SDP
bid data from the initial SIP "INVITE" request is used again. After that,
the Input Gateway must continue to operate in accordance with the
definition in the standard (Ecma International, 2008), and continue to
accept incoming SIP responses "INFO", from the established tunnel of Q-
SIG information on the IP network, regardless of the fact it is still waiting
for a response to its SIP request “re-INVITE”. However, if the URI
parameter is not present, the Input Gateway will not immediately
generate a "re-INVITE" SIP request. Namely, when the received SDP
response on the line "m" indicates "port = 0", the Input Gateway will wait
with the sending of the SIP request "re-INVITE" (with the new SDP offer
included) to the Output Gateway, and will then act in accordance with
(Rosenberg et al, 2002). This means that the Input Gateway will continue
to accept incoming SIP responses of the "INFO" type, including those
with an encapsulated Q-SIG message.

At this stage, the Input Gateway will only try to realize the connection
of the Q-SIG channel of user information with the media flows specified
in the SDP response. Namely, in the case when the line "m" means "port
= 0", the Input Gateway will not be able to establish a two-way media
flow through the IP network, for the directions of receiving and
transmitting user information, so the required two-way connection will be
achieved only after successful completion the SIP transaction requires
“re-INVITE” or “UPDATE”. Also, if by the time of receiving the Q-SIG
message "CONNECT" the Input Gateway has not received a non-zero
port "m" line for establishing media streams, it will not act on the received
encapsulated Q-SIG message "CONNECT" from the SIP response "4-
INFO/200 OK ”"and will act as if the Q-SIG timer “T307’has expired.
(Ecma International, 2008), (Svrzi¢, 2019)
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Manage Q-SIG "SETUP" messages on the Egress Gateway

To monitor the workflow of the Engress Gateway after receiving the
Q-SIG message "SETUP", when establishing a Q-SIG call from Q-SIG
via SIP to Q-SIG, the flow chart from Figure 3 should be followed again.

Receipt of the SIP request "INVITE"

Upon receipt of the initial SIP request "INVITE", which contains an
encapsulated Q-SIG message "SETUP" and an SDP offer, the Output
Gateway orders to check the presence of the URI parameters:

"+ U.ecma-international.org / ecma355 / new_sdp_by ingress",

in the "Contact" field of its header, and sends an SIP response "1-200
OK". If the URI parameter is present, then the SIP response "1-200 OK",
together with the SDP response, will contain the URI parameter in the
"Contact" field of the header:

“+ U.ecma-international.org/ecma355/new_sdp_by ingress.

If this parameter is not present, the Output Gateway must omit the
URI parameter from the SIP response "1-200 OK". The contained SDP
response (in the SIP response "1-200 OK") with its parameters should
enable the establishment of symmetrical media flows, unless the
received SDP bid contained zero on the "m" line, "m = 0" (and then
benchmark for establishing a connection by the type of SCloC call, when
there is no establishment of media streams). However, if the Output
Gateway cannot determine the appropriate SDP parameters at the time
of sending the SDP response, it will send an SDP response in which the
line is "m = 0". In this case, the IP address in the "¢ =" line is irrelevant. It
can only be important if it indicates the SIP signaling part of the Output
Gateway.

When the received Q-SIG message "SETUP" is acceptable for
further routing to the PISN (according to the called PINX), the Output
Gateway must select CCS for signaling to the PISN side and forward the
Q-SIG message "SETUP" to it. The forwarded Q-SIG "SETUP" message
may differ from the received "SETUP" message according to an
acceptable modification to the Q-SIG Transit PINX. In particular, the
channel identification information element must reflect the TDM channel
selected for the transmission of user information. To establish a Q-SIG
call, the Output Gateway must also connect the established IP page
streams to the selected user information channel in the PISN TDM
transmission system. The Output Gateway in the SIP response "1-200
OK", to the initial SIP request "INVITE", may include an encapsulated Q-
SIG message: "SETUP ACKNOVLEDGE" or "CALL PROCEEDING".
Otherwise, the Output Gateway will transmit the first later, corresponding

>

Svrzi¢, S. et al, Description of the process of tunneling Q signaling in Private telecommunication networks, pp.31-63



i‘ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2021, Vol. 69, Issue 1

Q-SIG message only in one of the next SIP messages of the type “x-
INFO/200 OK” (x = 3,4,5).

Further procedures on the Output Gateway depend on whether a
URI parameter was present in the "Contact" header field from the initial
"INVITE" SIP request. If it was present, then the Output Gateway will wait
to receive the “re-INVITE” SIP request from the Input Gateway,
regardless of whether valid SDP parameters can be determined earlier.
In the event that valid SDP parameters are still not present, the Output
Gateway will acknowledge a receipt of the SIP "re-INVITE" request by
sending a "provisional" SIP response: "2-100 Traying". However, when
valid SDP parameters are available in this situation, or will become
available at a later stage of establishing a Q-SIG call, the Output
Gateway will, upon receiving the SIP request "re-INVITE", use these
SDP parameters for a later SDP response within the SIP answers "2-200
OK". In this case, the Output Gateway may (upon the SIP request “re-
INVITE”) include an encapsulated Q-SIG message in the SIP response
frame “2-200 OK”, combined with the SDP response.

If the specified URI parameter was not present, then the Output
Gateway in the SIP negotiation process will not receive a SIP "re-
INVITE" request. Only when the SDP parameters become available at a
later stage of establishing a Q-SIG call, the Output Gateway will have to
renegotiate media flows by sending a SIP request "re-INVITE" or a SIP
request "UPDATE" with an SDP offer that reflects these parameters. Of
course, it should be immediately noted that this approach, which
represents a return to the procedures of early editions of the standard,
can cause problems with the specific behavior of certain SDP extensions
such as key management and SDP negotiation options.

Note that the Output Gateway can reject the SIP request "INVITE" in
accordance with (Rosenberg et al, 2002). For example, if the SIP UAS
does not support the encapsulated Q-SIG, and therefore is not able to
play the role of an Output Gateway, the SIP response with the code “415“
= “Unsupported Media Type” will be applied. If the SIP UAS is unable to
accept the SDP offer, the SIP code “488“ = "Not Acceptable” will apply.
However, the Exit Gateway, which is not able to confirm the SDP offer
from the initial SIP request "INVITE", will still accept the SDP offer before
sending the SIP response "2-200 OK", but will use the parameters of the
SDP offer received to negotiate media flows. as part of the SIP request
"re-INVITE". Of course, the Output Gateway, which is compatible with the
early release of this standard, would send a SIP request “re-INVITE” or a
SIP request “UPDATE” to re-negotiate the Media stream. (Ecma
International, 2008), (Svrzi¢, 2019)
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Rejection of a Q-SIG message from the "INVITE" request

If the Output Gateway receives an “INVITE” request with an
encapsulated Q-SIG message that is not acceptable (eg: “SETUP”
message that is not suitable for further routing; inappropriate Q-SIG
message; “SETUP” message for a Q-SIG call for which appropriate
media streams cannot be established), the Output Gateway further sends
a Q-SIG response message according to standards (Ecma International,
2001b) or (Ecma International, 2001c) (e.g.: “RELEASE COMPLETE”
message containing the corresponding value in the Q-SIG information
element “Cause”). The corresponding encapsulated Q-SIG message will
be sent either in a SIP message of the "INFO" type or in the SIP
message "BYE", in the case of the Q-SIG message "RELEASE
COMPLETE". If there is an unresolved SIP request "re-INVITE" at the
time of refusing to accept the Q-SIG call, the Output Gateway will
terminate the pending transaction by sending the SIP response: "487" =
"Request completed". (Ecma International, 2008), (Svrzi¢, 2019)

Subsequent Q-SIG messages

After transmitting the SIP response "200 OK", to the initial SIP
request "INVITE" (Output Gateway), or transmitting the SIP message
information "ACK", after receiving the SIP response "200 OK" (/nput
Gateway), both Gateways must be able to send and receive from the
opposite gateway the following encapsulated Q-SIG messages in the
body of the SIP request and the SIP response "INFO" ("ALERTING",
"CONNECT", "CONNECT ACK") (Donovan, 2000), (Ecma International,
2008). Exceptions to these situations are the SIP request "BYE", which
can encapsulate the Q-SIG message: "RELEASE COMPLETE" and the
SIP request "re-INVITE" or the SIP request "UPDATE" (Rosenberg,
2002), which can encapsulate the Q-SIG message on waiting during the
process of establishing a new Q-SIG call or during the renegotiation
process while the active Q-SIG call is in progress. (Ecma International,
2008), (Svrzi¢, 2019)

End of the SIP dialog

When disconnecting a Q-SIG call or SCloC call, the participating
gateways exchange the SIP request "1-INFO" with the encapsulated Q-
SIG message "DISCONNECT" and the SIP response "2-INFO" with the
encapsulated Q-SIG message " RELEASE "(these Q-SIG messages are
transmitted to the end PINX through the PINS at both ends), as shown in

the flow chart in Figure 4.
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asIG Ingress Egress QsIG

PIMNX Gateway Gateway PINX
[ GEic i se.asc | Gsic ]
DISCONNECT wFoy | DISCONNECT |
[DISCOMNECT]

1-2000K

_______ RELEASE __ _ _ _ _ +—————RELEASE _ __ _ _ |
ZANFO

RELEASE COMPLETE [RELEASE] RELEASE COMPLETE

[+ = — ] - ]

2-2000K

3-BYE
[RELEASE COMPLETE]

3-2000K

Figure 4 — Termination of a Q-SIG call from Q-SIG, via the SIP, to Q-SIG (Ecma
International, 2008)
Puc. 4 — 3asepweHue 8bi308a Q-SIG om Q-SIG yepe3s SIP k Q-SIG (Ecma International,
2008)
Cniuka 4 — Packudarse Q-SIG nosusa 0d Q-SIG, npeko SIP, Ha Q-SIG (Ecma
International, 2008)

When the Incoming Gateway determines that a Q-SIG call or
connection by the SCloC call type is terminated, it will terminate the
established SIP session by transmitting the SIP request "BYE". If in that
case, according to the procedure, the Input Gateway sends the final
message "RELEASE COMPLETE", it can encapsulate that Q-SIG
message within the SIP request "BYE". After the final Q-SIG message is
sent or received, the Gateway typically forwards the SIP request "BYE"
without encapsulating that Q-SIG message. If a “re-INVITE” SIP request
is pending during the end of the SIP dialog, the Output Gateway will
terminate the transaction with the SIP response: “487¢ = “Request
Terminated”. (Ecma International, 2008), (Svrzi¢, 2019)

Manage Q-SIG messages to establish independent
signaling calls on the Input Gateway

When establishing a call with an SCloC, the Q-SIG message
“‘FACILITY” (including addressing elements) is used, as specified in the
standard (Ecma International, 2001c). The SIP request "INVITE" is used
to tunnel the Q-SIG message "FACILITY", but the full negotiation session
described earlier when establishing the basic Q-SIG call is not
established. Namely, immediately after receiving the Q-SIG message
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"FACILITY", in this case the SIP request "INVITE" is rejected, and the
flow diagram has a slightly different, simplified scenario. "INVITE"
actually avoids the load, which is created when establishing the SIP
dialogue for media streams, as the call establishment process is released
from it. (Ecma International, 2008), (Svrzi¢, 2019)

Description of the mapping functions for tunneling Q-
SIG through an IP network

To define the mapping functions required for the use of network
intervention scenarios, within the IP switching systems from the PISN,
use ECMA-336 Standard (Ecma International, 2002). This standard
specifies the mapping functions for the use of a packet network within the
Internet Protocol (University of Southern California, 1980a), (Deering &
Hinden, 1998), as a network layer protocol, and the UDP (User Datagram
Exchange Protocol) (Postel, 1980) and the TCP (Transmission
Management Protocol) (University of Southern California, 1980b), as a
transport layer protocol, to interconnect the two IP PINXs that make up
the PTN entities composed of the edge PISN and central IP networks—
Core networks (a scenario similar to that shown in Figure 2).
Interconnection is achieved by transmitting the inter-PINX signaling
protocol, directly via the TCP, and inter-PINX user information (e.g.
speech), via the RTP (Real-Time Transmission Protocol) (Schulzrinne et
al, 1996), whereby the RTP is transmitted within the UDP. Of course, the
Q-SIG functions as an inter-PINX signaling protocol, as stated in ECMA-
143 (Ecma International, 2001b), ECMA-165 (Ecma International, 2001c)
and other ECMA standards. Thus, the standard is applied to IP PINXs
that can be interconnected to form a PISN, using Q-SIG as the inter-
PINX signaling protocol. (Ecma International, 2002), (Svrzi¢, 2019)

To comply with ECMA-336 Standard, each IP PINX must
constructively and functionally meet the reference configuration, defined
in ECMA-133 (Ecma International, 1998) and the requirements set out in
the PICS (Implementation Conformance Statement Proforma). The text
and format of the PICS are presented in the Annex A of ECMA-336.
Within ECMA-336 Standard, the previously adopted terms:
service/service and signaling, defined according to ITU-T
Recommendation 1.112, Glossary of terms for ISDN (ITU, 1988), as well
as some other terms, are used as follows:

- Caller IP PINX, entity which sends the initial Q-SIG message "SETUP"
via the IPL (Inter PINX link), to establish a basic Q-SIG call or SloC

connection.
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- Called IP PINX, entity which receives the Q-SIG message "SETUP" via
the IPL, to establish a basic Q-SIG call or SloC connection.

- A channel is a medium for two-way transmission of user or signal
information between two points in a PTN. The Da channel is used to
transmit call management information (signaling) between the "Q"
reference points, two directly connected IP PINXs. The Uq channel is
used to transfer user information between the "Q" reference points, the
two end-participant PINXs of the established Q-SIG call ("peer to peer").
(Ecma International, 2002), (Svrzi¢, 2019)

Reference configuration and specific scenarios

The PISN, the IP PINX reference configuration and the connecting
IVN, are defined in ECMA-133 Standard (Ecma International, 1998). The
switching and call management functions on the participating IP PINXs
communicate logically via the "Q" reference point instance. This
communication between two connected IP PINXs is known as an IPL
(Inter-PINX link) and contains a signal Da channel and one or more Ua
channels for user information. Through an IVN, one or more IPLs can be
established in many ways between the same pair of connected IP PINXs.
The IP PINX connects to the IVN at the Reference point “C”, which
provides the connections defined as IPC between the cooperating IP
PINXs. The mapping functions, which exist within each of the IP PINX,
serve to map the Da channel and Ua channels in the Reference point “Q”
to one (or more) of the IPCs thus established. The concept of this
standard is illustrated in Figure 5.

ECMA 336 Standard specifies mapping functions when the IVN is
IP-based and when the established IPC is implemented: 1) TCP
connection, which is used to transmit signal information and resource
control information-RCI (Resource Control Information), and which are
exchanged between the connected IP PINXs for the purpose of
establishing UDP streams, and 2) establishing a pair of UDP streams,
one stream in each direction, for the transmission of user information via
the RTP. In doing so, one IPL requires one TCP connection, to support
the Da channel, and one pair of UDP streams, to support the Ua
channels. In addition to transmitting Q-SIG protocol messages, a TCP
connection is also required to transmit resource control information-RCl,
which is essential for establishing a pair of UDP streams.
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Figure 5 — IPC concept for “Semi-permanent” TCP connection (Ecma International, 2002)
Puc. 5 — KoHuenyus IPC 0nsa «nonynocmosiHHo2o» TCP-coeduHeHusi (Ecma
International, 2002)

Cnuka 5 —KoHuenm IPC 3a ,Semi-permanent” TCP koHekyujy (Ecma International, 2002)

ECMA 336 Standard supports two types of IPCs between the PINX
"peers", i.e. interconnections between the participating IP PINX: 1) “on
demand”, where one TCP connection (for Q-SIG transmission) and a pair
of UDP streams (for user information transmission) are established at the
beginning of each call and deleted at the end of that call, and 2) "semi-
permanent”, where one TCP connection, with unlimited duration,
transmits Q-SIG for many calls. In this case, a TCP connection can
support zero, one or more calls at the same time, while a pair of UDP
streams (for user information) is established at the beginning of each call
and deleted at the end of that call. (Ecma International, 2002), (Svrzic,
2019)

Possibilities at the reference point "Q"

One signal channel (Da) is provided for each instance of the
Reference point “Q”, for the transmission of the Layer 3 protocol signal
between the IP PINX, and zero, one or more user channels (Ua) for the
media streams. On this occasion, the following basic capabilities are
provided for the Uq channel. circuit transmission mode; information
transfer rate of 64 kbit/s; ability to transmit speech information or 3.1 kHz
audio; and Layer 1 user layer protocol: codec G.711 A (or “y”), while
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other carrier capabilities are outside the scope of this standard. The
following basic capabilities are provided for the Dq channel: packet
transmission mode; implementation-dependent information transfer rate;
and ability to transmit unlimited digital information. In the special case of
the interconnection "on demand", and when it is used only for SCloC
calls, Uq channels for media streams are not established, but only a
signaling Dq channel is established. (Ecma International, 2002), (Svrzi¢,
2019)

Possibilities at the reference point "C"

The PINX mapping functions must meet the following requirement
for a TCP connection: the IP PINX must be able to support the IP packet
network interface, which is suitable for communication according to the
TCP (Transmission Control Protocol), and according to IETF
Recommendation RFC 761 (University of Southern California, 1980b).
The protocol stack, used in this standard, is shown in the graph in Figure
6.

QSIG | RClI
QPKT
TPKT
TCP
P

Figure 6 — Mapping protocol / IP protocol stack - Q-SIG (Ecma International, 2002)
Puc. 6 — lNMpomokon cornocmasnerusi / IP Cmek npomokornios - Q-SIG (Ecma
International, 2002
Cnuka 6 — Cmek npomokona 3a manuparse / IP - Q-SIG (Ecma International, 2002)

The TPKT is the format of the ISO Protocol package at the top of
TCP (ITOT) defined by Recommendation IETF RFC 2126 (Pouffary &
Young, 1997). It is used to delimit individual UDP messages within a TCP
stream, which provides a continuous stream of octets (bytes) without
explicit boundaries. The TPKT packet consists of a version number field
(8 bits long), followed by one reserved field (8 bits), then a field for
determining the length of the entire TPKT (16 bits), and finally the "actual
data". The version number field contains the value "3", while the reserved
field contains the value "0". The length determination field should contain
information about the length of the entire TPKT package, which includes:
the version number field, the reserved and the length field, as well as the
large final 16-bit codeword ("actual data").

The QPKT is a packet format consisting of a "len" length field (of 16
bits), followed by an entire Q-SIG message, followed by the RCI. The
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RCI parameter provides the information needed to establish the path (s)
of the media stream. The first octet of the Q-SIG message will be
immediately after the "len" length field, while its last octet will be the octet
immediately preceding the RCI. The "len" field is important because it
indicates the length of the Q-SIG message and thus indicates the
beginning of the RCI. In cases where no stream media is established, the
RCI field may be omitted.

At the Reference point "C", the Dqg channel is mapped to a known
TCP port ("4029") or to a dynamically assigned port, and the RCI
parameter must comply with the Annex B, ECMA-336.

The PINX mapping functions must meet the following requirements
for UDP streams: Uq channels are mapped to receive UDP and transmit
UDP streams, each of which carries RTP packets. The receiving UDP
stream must be received at the local IP address and the port, as
indicated in the broadcast RCI, and the transmitting UDP stream is
transmitted to the remote IP address and the port, as indicated in the
received RCI. The IP PINX can use the RTCP to monitor the quality of
the RTP transmission over the UDP streams, as defined in IETF
Recommendation RFC 1889 (Schulzrinne et al, 1996). (Ecma
International, 2002), (Svrzi¢, 2019)

Functions for Dq and Uq channel mapping

When an IPC is established at the Reference point "C", the functions
for mapping Dq and Ua channels are implemented. For the Dq channel
transmission, the complete Q-SIG message and the RCI will be
embedded in the QPKT packet within the TPKT packet, which means
that the segmentation and reassembly procedures of Q-SIG messages,
provided by ECMA-143, will not be used. The RCI parameter implicitly
refers to the same call as the Q-SIG message, so it will be included in the
first forwarded and the first remaining Q-SIG message of each call and
will no longer be included in subsequent messages. The RCI parameter
will not be included in the messages transmitted during Q-S/G calls of the
SCloC type.

Each Uq channel must be mapped to a pair of one-way UDP
streams, with the appropriate transport capabilities defined by the RCI.
The mapping function is responsible for proper packaging, unpacking,
transcoding, etc. media data. (Ecma International, 2002), (Svrzi¢, 2019)

IPC control functions
Procedure for establishing and deleting Dq channels

To establish an IPC for a Dq channel, the calling IP PINX, which
initiates the TCP connection, must know the IP address of the second-
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called IP PINX. For the “on demand” scenario, the calling IP PINX will
establish a TCP connection for the Dq channel following the procedure
specified by IETF Recommendation RFC 761 (University of Southern
California, 1980b), and whenever necessary establish or delete a basic
Q-SIG call or SCloC type call.

For a “semi-permanent’ scenario, when a basic Q-SIG call or a
SSloC needs to be established, if there is already a previously
established Dq channel (or TCP connection) between the end IP PINXs,
the calling IP PINX will use that Dq channel. If there is no already
established Dq channel between the end IP PINXs, the calling IP PINX
will establish a TCP connection for the Dq channel following the
procedure specified by RFC 761 (University of Southern California,
1980b). The issue of implementation was previously mentioned, and it
refers to the moment when the TCP connection should be deleted, since
it is important that it is not deleted while it is still used for Q-SIG call or
SCloC connection. (Ecma International, 2002), (Svrzi¢, 2019)

Procedure for establishing and deleting Uq channels

The establishment of a Ug channel will occur each time a Q-SIG call
is established, when both the calling and called IP PINX will send an RCI
in accordance with the Annex B, ECMA-336. The calling IP PINX will
transmit the RCI in the same QPKT packet as the Q-SIG message:
"SETUP". The called IP PINX will check if the received RCI information is
acceptable and if so, it will forward the RCI in the same QPKT return
packet as the Q-SIG message: "SETUP ACKNOVLEDGE" or "CALL
PROCEEDING", whichever is first transmitted. Also, if the first response
to the message "SETUP" is not "SETUP ACKNOVLEDGE", nor "CALL
PROCEEDING" (but, for example, "RELEASE COMPLETE"), the RCI
information will not be returned to the calling IP PINX. After transmitting
the RCI information, the calling IP PINX will be ready to receive the RTP
packet at the IP address and the port specified in its transmitting RCI
information.

The called IP PINX will include in its transmitting RCI the same type
of codec and payload period, as specified in the RCI information
previously received from the calling IP PINX. After sending the RCI, and
as soon as the media stream becomes available, the called IP PINX will
start transmitting RTP packets to the IP address and the port which are
specified in the received RCI, and according to the codec type and
payload period, as specified in the received RCI . The called IP PINX will
also be prepared to receive RTP packets at the IP address and the port
specified in its transmitting RCI.
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After receiving the RCI parameter in the first response message, and
after receiving the Q-SIG message "CONNECT", the calling IP PINX will
start transmitting RTP packets to the IP address and the port which are
specified in the received RCI, and according to the type codec and
payload period, also specified in the received RCI. If, when establishing a
Uq channel, any IP PINX (calling or called) receives unacceptable
content in the RCI, that IP PINX will behave as specified in ECMA-143, in
case the content of the channel identification information element is
unacceptable.

Before sending a Q-SIG call clear message (“DISCONNECT”,
‘RELEASE” or “RELEASE COMPLETE”), the IP PINX will stop
transmitting RTP packets and ignore the contents of any further received
RTP packets. After transmitting or receiving the Q-SIG message
"RELEASE COMPLETE", the IP PINX should release the resources
associated with the Uq channel. (Ecma International, 2002), (Svrzic,
2019).

Conclusion

The important standards ECMA-355, for tunneling encapsulated
messages from Q-SIG, and ECMA-336, for defining mapping functions in
PISN switching systems, were used to organize automatic telephone
traffic in the SAF, connecting two modern transit IP PINXs via the SIP
transmission beam, through its own IP network (Intranet) in the part of
the Automatic Telephone Network SAF, which is a novelty in the
organization and functioning of its PTN (Svrzi¢ et al, 2019a), (Svrzi¢ et al,
2019b). The use of the CCS network signaling system type Q-SIG,
previously applied and proven in practice, via its tunneling and
transmission without degradation through the mentioned IP network with
the SIP (encapsulation of Q-SIG messages in SIP dialogue messages),
contributed to the PATN SAF without degrading the previously built PISN
status, including parts where its TDM/ISDN parts connect to the IP Proxy.
In this regard, it can be said that high integration has been achieved
today in the PATN SAF, both in terms of complete independence from
various ISDN PBAX manufacturers, and in terms of achieving the
planned scope of implementation of basic and complementary customer
services and network services specified by relevant ECMA standards for
Q -SIG. Basic and complementary customer services and network
services have now become available to PATN SAF users, regardless of
which network switching node they are connected to.
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In addition to the above, the new solution using the IP network to
connect IP PINXs using the Q-SIG tunneling procedures, in the PATN
SAF (Svrzi¢ et al, 2019a), (Svrzi¢ et al, 2019b), opens up a whole range
of new possibilities that will undoubtedly contribute rapidly to the growth
of the Core network and their application, creating a broad backbone of
the system for the implementation of real-time multimedia
communications and the transition to unified communications UC (Unifed
Communications).
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OMUCAHME MPOLECCA TYHHUTMPOBAHNA Q-CUIHAIIOB B YACTHbIX
TENEKOMYHUKALIMOHHbIX CETAX

CnadxaH M. Cepany®, 3opax M. anmqesmqs,
3opar C. Mepuwny
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o BoopyxeHHble cunbl Pecnybnuku Cepbus, F'eHepanbHbii WwWTab, YnpaeneHue
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PYBEPUKA TPHTW: 49.00.00 CBA3b:
49.33.00 CeTu u y3nbl CBA3Y;
49.33.29 CeTun cBA3U

BWO CTATbW: opurmHanbHasa HayyYHas ctatbsl

Peswome:

BeedeHue/uenb: Llenb cmambu 3aknwoyanacb 8 cocmaseHuu
Kknaccugukauuu eudoe cemesoll cueHanuszauyuu Q-SIG, komopas
crieyuanbHO  mpucriocobrieHa K MPUMEHEHUD 8  ughposbix
mesIeKOMMYHUKaUUOHHbBIX Cemsix C UHMez2pupo8aHHbIMU yCcrly2amu
(ISDN), u 8 ebidgerieHuUU B803MOXHOCmMel ee OanbHeliwezo
MPUMEHEeHUsI 8 YaCmHbIX MesIeKOMMYHUKAUUOHHbIX Cemsix ¢
UHmMeapuposaHHbIMU  ycriyzamu BoopyxxeHHbix cun  Pecnybnuku
Cepbuss (PISN SAF), m.e. 8 4YacmHol asmomamu4eckol
menegoHHolU cemu BoopyxeHHbix cun Pecrniybnuku Cepbus (PATN
SAF)

Memodbi: B cmambe nipueedeH aHanui  Cyuiecmsyroujux
cmaHOapmos: ECMA-355 u ECMA-336 u cuHmesuposaHusi
803moxxHocmel ux rnpumeHeHusi 8 PATN SAF.

Pesynbmamel: lNpoyedypa npumeHeHuss Q-SIG obpabamsiganackb 8
cumyauyuu, koeda nepugheputiHbie yacmu PISN SAF, delicmsyoujue
no npuHyuny nepedadyu u KoMMymauuu kaHamoe ro TDM (Time
Division Multiplexing), 6biiu coeduHeHb! 4Yepes3 ueHmpasibHoe $0po
cemu c IP (Internet Protocol), pabomarowel no npuHyuny nepedaqyu
nakemoes u kommymauuu ¢ nomowbto SIP (Session Initiation Protocol).
PaspabomaH memod MPUMEHeHUs1 MmyHHenuposaHusi
UHKarcynupoeaHHbIx coobuwjeHuti Q-SIG yepes IP-cems,
npednucaHHbIli  CmaHlapmom ECMA-355. B cmambe makxe
onucaHbl Heobxodumble byHKUuUU Orns coriocmassneHuss nepedadyu
MyHHesnupyembIX cugHasbHbIX coobuweHul Q-SIG u conocmasneHusi
eornocosoli (u dpyeol ayduo) uHgopmauuu ¢ meduarnomokamu 80
spems ces3u VolP (Voice over IP) 4epe3 my cemb, 8 coomeemcmeuu
co cmaHd@apmom ECMA-336.

Bbigodbi: lNpumeHeHue cmaHOapmos ECMA-355 u ECMA-336 — amo
Hoeoe peweHue 8 PATN SAF npu ucrnonsb3oeaHuu IP-cemu 0ns
rnodkmoveHusi IP PINX u npu npumeHeHuu myHHenuposaHusi Q-SIG u
coriocmaserneHusi ¢byHKUUU omobpakeHusi u repedadu, 8 mMoM 4Yucrie
38yKOBbIX ClUe2Hano8. Omo eriedem 3a coboli uernbili psd HOB8bIX
803MOXKHOCMeU, Komopble no mMepe pocma sidpa cemu U ro Mepe ux
npumeHeHusi 6ydym criocobcmeogampe cO30aHUI0 WUPOKOU Maaucmparu
merneKoMyHUKayUOHHO-UHGhOPMaYUOHHOU ~ cucmembl  ces3u  Ons
ocywjecmerneHusi  MynbmumedulHOU  KOMMYHUKauuu 8  peasibHOM
8peMeHU U riepexody K yHuguyuposaHHol cucmeme cessu (UC).
Knwyesble cnosa: Q-cuesHanuzauus, PISN, PINX, uHmepHem-
npomokosn, SIP, cmaHOapm ECMA, myHHenuposaHue Q-SIG,
UHKarncynsayusi, pyHKYUU omobpaxeHus.
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OrMnC NMOCTYTKA TYHENOBAHA Q CUTHANUSALNJE Y
MPUBATHAM TEJIEKOMYHUKALIMOHUM MPEXXAMA

Crniahax M. Cepauh®, 3opar M. Munuuesuh®,
3opaH C. I'Ieprul/n‘l6

@ Tecna cuctemu a.0.0., Beorpan, Peny6nuka Cpbuja, ayTop 3a npenncky

o Bojcka Cpbuje, N'eHepanwTab, YnpaBa 3a TenekomyHukaumje u
nHdopmaTtuky (J-6), Beorpag, Penybnuka Cpbuja

OBNACT: TenekomyHukaLmje

BPCTA YJ1IAHKA: opurMHanHm Hay4Hu pag

Caxemak:

Yeod/uyurb: Y unaHKy je crnieyucuyupaHa MpexHa cusHanusauuja murna
Q-SIG, «Koja je cmaHOapdusosaHa crnieyujanHo 3a [IPUMEHY Y
QuaumarnHuM mesiekoMyHUKaUUOHUM Mpexama UHmezpucaHux cepsuca
(ISDN), y3 nomeHuupare moayhHocmu 3a HeHy Oarby yrnompeby y
lNpusamHoj meneKkoMyHUKaUUOHOj Mpexu UHmeapucaHux ycryea Bojcke
Cpbuje (PISN BC), odHocHo y [NpusamHoj aymomMamcKoj meneghOHCKO)
mpexu Bojcke Cpbuje (MATnMp BC).

Memode: BpuweHa je aHanusa nocmojehux cmaHdapda: ECMA-355 u
ECMA-336 u cuHme3sa mozayhHocmu muxoee ripumeHe y NATnMp BC.
Pesynmamu: ObpaheH je nocmynak 3a ripumeHy Q-SIG y cumyauuju
kada ce pybHu Oenosu PISN BC, koju byHKUUOHUWY Ha MpuHyUiy
npeHoca u Komymauuje kona no TDM (Time Division Multiplexing),
nosesyjy nymem ueHmparsHe Core mpexe ca IP (Internet Protocol), a koja
YHKYUOHUWE Ha rnpuHyuny fpeHoca u KoMmymauuje nakema ca SIP
(Session Initiation Protocol). PaspaljeH je HauyuH npuMeHe rocmyrika
myHesioearsa eHkarcynupaHux Q-SIG nopyka kpo3s IP mpexy, Koju je
OegpuHucaH cmaHdapdom ECMA-355. OniucaHe cy Heonxo0He ¢hyHKUuje
3a Mariuparbe rpeHoca myHesa08aHuUX cugHanusauyuoHux nopyka Q-SIG u
Marupar-e 2080pHUX (U dpyeux ayduo) uHgopmauuja Ha meduja-mokoee
mokom VoIP (Voice over IP) komyHUKayuje Kpo3 my MPEXy, a Koje cy
OegbuHucaHe cmaHdapdom ECMA-336.

Bakrpyyqak: [lMpumeHa cmaHOapla ECMA-355 u ECMA-336 Hoso je
pewerse y MNATIMp BC y3 kopuwhere IP mpexe 3a rosesusar-e IP
PINX, npumeHom rocmyrnaka myHenogara Q-SIG, u Manupare
byHKYUja 3a HUX08 MPeHOC U npeHoc ayduocuzsHarna. To omeapa yumas
Hu3 Hosux moeyhHocmu kKoje he Hapacmarem Core Mpexe U HEHOM
npumeHoMm  ybp3aHoO QorpuHemu cmeaparby WUPOKE OKOCHUUE
merneKkoMyHUKayUOHO-UHopmayuoHoz cucmema BC u nocnyxumu 3a
umnnemMeHmauujy MynmumedujanHux KOMyHUKauuja y peasHoMm epemeHy
u npena3sak Ha objedur-eHe komyHukauuje UC (Unified Communications).

Kmbyure peyu: PATIMr VS, Q-cueHanusayuja, PISN, PINX, unmepHem
npomokosi, SIP, cmaHdapd ECMA, myHenogame Q-SIG,
eHKaricynayuja, manupare yHkyuja.

<>



Paper received on / [lata nonyyenusi pabotel / atym npujema ynaHka: 24.08.2020.
Manuscript corrections submitted on / lata nony4eHus ncnpasneHHowm Bepcun paboTsl /
[atym pocrtaerbana ncnpaeku pykonuca: 16.11.2020.

Paper accepted for publishing on / [lata okoH4YaTenNbHOro cornacoBaHus pabotbl / [Jatym
KOHa4yHOr nNpuxBaTana YnaHka 3a objaBrbmBamne: 18.11.2020.

© 2021 The Authors. Published by Vojnotehnicki glasnik / Military Technical Courier
(www.vtg.mod.gov.rs, BTr.mo.ynp.cpb). This article is an open access article distributed under the
terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/rs/).

© 2021 AeTopbl. OnybnukoBaHo B «BoeHHo-TexHu4eckmin BecTHuk / Vojnotehnicki glasnik / Military
Technical Courier» (www.vtg.mod.gov.rs, BTr.mMo0.ynp.cpb). [laHHas ctaTbsi B OTKPbITOM JOCTYNE U
pacnpocTpaHsieTcsi B COOTBETCTBUM C nuueH3nei «Creative Commons»
(http://creativecommons.org/licenses/by/3.0/rs/).

© 2021 Aytopu. O6jaBuno BojHoTexHuukm rmacHuk / Vojnotehnicki glasnik / Military Technical Courier
(www.vtg.mod.gov.rs, BTr.mo.ynp.cp6). OBo je 4naHak OTBOpeHOr nNpuctyna n guctpubyupa ce y
cknagy ca Creative Commons licencom (http://creativecommons.org/licenses/by/3.0/rs/).

o

Svrzi¢, S. et al, Description of the process of tunneling Q signaling in Private telecommunication networks, pp.31-63



1g.V‘VOJNOTEHNI(VZKI GLASNIK / MILITARY TECHNICAL COURIER, 2021, Vol. 69, Issue 1

MODELLING AND PERFORMANCE
ANALYSIS OF THE BVP M-80A HYBRID
DRIVE

Stefan V. Miliéevié?, Slavko R. Muzdeka”

2 Serbian Armed Forces, Central Logistics Base, 1% Logistics center,
Belgrade, Republic of Serbia,
e-mail: stefanm9670@gmail.com, corresponding author,
ORCID iD: “https://orcid.org/0000-0003-4837-9067

b University of Defence in Belgrade, Military Academy, Department of
Mechanical Engineering, Belgrade, Republic of Serbia
e-mail: slavko.muzdeka@va.mod.gov.rs,
ORCID iD: ““https://orcid.org/0000-0002-6189-9473

DOI: 10.5937/vojtehg69-28232; https://doi.org/10.5937/vojtehg69-28232

FIELD: Mechanical engineering
ARTICLE TYPE:Original scientific paper

Abstract:

Introduction: Hybrid technology has been successfully incorporated into
the industry of passenger and commercial vehicles. Driven by the success
and benefits that hybrid technology brings, many defense organizations
around the world invest in the development of hybrid technology for
combat vehicles and develop prototypes of tracked combat vehicles which
have lower fuel consumption, better performance, better exhaust
emission, and additional onboard electric power. However, various
technical challenges must be resolved before it comes to the introduction
of hybrid tracked combat vehicles in operational use. Several successful
tests of prototypes have been conducted so far, but there are still
restrictions on key technologies such as electric motors, electronics, and
storage of electricity. In such conditions, where finance is limited, mistakes
cannot be allowed nor spending a lot of resources on planning, building
prototypes, and testing.

Method: Therefore, it is clever to run the simulation software with which it
is possible to examine various parameters in simulated conditions which
more or less mimic real operating conditions. This paper aims to show one
of possible solutions concerning the selection of appropriate technologies
of hybrid drive, to propose a system solution for a hybrid BVP M80A, and
to display a simulation hybrid drive model and the results obtained from
the model devised in Simulink.

Results: The results obtained by the simulation show that the proposed
hybrid drive solution provides better performance while retaining key
drivetrain elements of the vehicle.
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Conclusion: Only turning parameters are considered during the simulation
but it is clear that the hybrid drivertrain has advantages related to straight-
line motion as well. Also, sound projections about the drivetrain
performance and control can be made with the use of the proposed
model.

Key words: hybrid drive, combat vehicle, tracked vehicle performance,
hybridization, MATLAB, Simulink.

Introduction

In the case of wheeled vehicles, in general, the drive (propulsion)
and steering functions are separated and the change of direction does
not significantly affect the traction and braking performance of the
vehicle. In contrast to this, in the case of tracked vehicles, the steering
control is performed by achieving a difference in the speed of rewinding
of the tracks, i.e. lateral drift. This way of steering significantly affects the
traction performance of the vehicle because, as a rule, the resistance
when making turns increases compared to the straight-line movement.
Also, the control function built into the power transmission system affects
the load distribution and power balance within the power transmission
system itself (Muzdeka et al, 2004). The turning performance and the
effects of various elements of the transmission design on the
performance have been the subject of numerous research papers.
However, vehicle hybridization, which has recently experienced rapid
development in the military industry, raises many unanswered questions
(Khalil, 2009). Numerous states and defense organizations, guided by
the advantages of hybrid vehicles such as improvement of mobility and
fuel economy, higher specific power, silent mobility and silent watch
capabilities, enhancement of onboard electric power generation, etc.
invest significant resources in the development and testing of prototype
hybrid vehicles (Bhatia, 2015), (Kramer & Parker, 2011), (Dalsja, 2008).
Some papers deal with the design of such vehicles (Johnson & Dueck,
2001), (Nederhoed & Walker, 2009) but, to the best of the
authors’knowledge, there are no papers that deal with the performance of
such a vehicle except one paper (Taira et al, 2018). The paper presents
the conceptual hybrid drive solution for the infantry fighting vehicle BVP
M-80A, analyzes the power flow, defines the model of turning resistance
acting on the vehicle implemented in the Matlab Simulink software
environment, and develops a model for simulating the vehicle drivetrain.
The results of the comparative analysis of the symmetrical and
asymmetrical turning mechanisms are presented because hybrid drive
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enables a selection of the kinematic parameter. The introduction is an
introductory part of the article.

Influence of hybrid drive on the turning system

In addition to the advantages hybrid drive offers, which relate to the
specific power of the vehicle, additional onboard electric power to meet
power requirements of the vehicle subsystems and armament, silent
mobility, etc., the question arises as to how vehicle hybridization affects
the turning system and the turning performance. One of the assumptions
is that, due to the existence of a braking force on the inner track,
electricity will be generated during the turn because the electric motor will
act as a driven machine - generator. Also, if it is made with two electric
motors, hybrid drive allows not only an infinite number of calculated
turning radii but also the possibility of choosing the kinematic turning
parameter.

There are several possible conceptual solutions for the hybridization
of the BVP MB80A drive, and in this paper a solution was chosen that
should not imply radical design changes to the conventional
transmission. Therefore, it is a parallel hybrid architecture, with two
electric motors installed in the auxiliary drive. The kinematic schemes of
both conventional and hybrid transmissionsare given in Figure 1.

Unlike the conventional transmission, described in detail in (Vesi¢ &
Muzdeka, 2007), which has a single-stage transmission in the auxiliary
drive, the hybrid transmission has two independent power sources in the
auxiliary drive in the form of two electric motors. The change in the
rewinding speed of tracks is achieved by activating one or both electric
motors whose angular velocities can be precisely controlled. For this
reason, such a transmission offers several possibilities that the
conventional transmission cannot fulfill. First of all, electric motors are
additional drive units and thus increase the specific power of the whole
vehicle, enabling the vehicle to overcome higher resistances or to
achieve better acceleration, etc. Since two electric motors with a precise
adjustment of their angular velocities are in the auxiliary drive as two
independent drive units, it is possible to provide an infinite range of
turning radii without power losses due to friction in the transmission
elements. Also, since electric motors can easily change the angular
velocity direction, such a turning system can be both symmetrical and
asymmetrical, depending on the control method. If the electric motor of
the outer track is held stiff, and the electric motor of the inner track is
acted upon by the electric motor in the sense of reducing the speed of
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rewinding, it is an asymmetrical turning system. If the electric motors are
acting upon the outer and inner track with the same angular velocity
intensity, but in the opposite direction, it is a symmetrical turning system.
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Figure 1 — Kinematic scheme of the conventional (a) and the hybrid (b) drive system
Puc. 1 — KuHemamuueckasi cxemMa KOH8EHUUOHallbHO20 (a) u 2ubpudHoezo (6)
npueodHo20 dsuzamers
Cnuka 1 — KuHemMamcka wiema KOH8eHUUOHarnHoa (a) u xubpudHoa noeoHa (b)

This fact is very important from the aspect of performance. The
possibility of simulating the vehicle turn by using both system types
opens up a possibility of comparing the performance of turning and
making a conclusion about which control algorithm for electric motors is
the best.

Power flow analysis

The electric motors can fine-tune angular velocity, in both directions,
independent of the internal combustion engine (ICE) which means that
electric motors can have a wide range of angular velocities, from a
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maximum angular velocity with a negative sign to a maximum angular
velocity with a positive sign without any dependence on the ICE. For that
reason, when determining power flows, it is necessary to pay attention to
the direction of the sun gear angular velocity and to the possibility that
the sun gear angular velocity is that much higher than the carrier angular
velocity that the ring gear angular velocity changes direction. This case is
precisely the flexibility offered by the independent auxiliary drive that
gives the option to select (adjust) the kinematic turning parameter.

Since vehicle turns are most often performed with a turning radius
smaller than the radius at which the inner track force equals zero ("free"
radius Rs), power flow was analyzed only for that case.The power flow
when turning with a radius smaller than Rs is shown in Figure 2.
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Figure 2 — Power flow during asymmetrical (a) and symmetrical turning (b) at a turning
radius smaller than Rs
Puc. 2 — [Nomok MowHoCMu npu acCuUMMempu4YHOM (@) u cuMmMempuYHOM epauijeHuu (6)
npu paduyce nogopoma MeHblWe Rs
Cniuka 2 — Tokosu cHaze K00 HecuMempu4Hoe (a) u cumempuyHoe 3aokpema (b) ca
nonynpeyHuUKom mMarum 00 crobodHoz Rs
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In the case of an asymmetrical turn with a radius smaller than Rs,
the power flow is identical to the conventional transmission for the radius
at which there is no power loss due to friction in the drivetrain (the
"calculated" radius Rp). The calculated radius is achieved by activating
the clutch S1 (Figure 1a), with the difference that the auxiliary drive
supplies the electric motor power and not the ICE power as in the
conventional transmission. The recuperation power from the inner track,
which enters the transmission via the ring gear, is added to the power of
the auxiliary drive and transmitted to the outer track via the driven
gearbox shaft. In the case of a turn with a radius greater than Rs, the
power of the ICE is divided into two when it reaches the carrier; one part
goes to the sun gear while the other part goes to the ring gear, where the
electric motor works as a generator. The situation on the planetary gear
set of the outer track is the same in both cases as in the case of the
straight-line motion when the vehicle is powered only by the ICE.

The hybrid transmission, unlike the conventional one, offers several
flexibilities that can be used in a turn: in addition to the classic
asymmetric turn with inner track deceleration, it is possible to achieve an
asymmetric turn with outer track acceleration, as well as a symmetrical
turn. The possibility of an asymmetrical turn with the acceleration of the
outer track is not justified due to high power demand, but the possibility
of a symmetrical turn certainly enables the improvement of the vehicle's
turning flexibility and performance.

With a symmetrical turn, the case with the inner track is the same as
with the asymmetrical turn, where the rewinding speed of the inner track
decreases, but the case with the outer track is not. For the outer track to
accelerate, it is necessary for the sun gear of the planetary gear set to be
driven with a velocity of the negative sign. In this case, the drive of the
outer track is done by summing the power of the outer track electric
motor and the ICE power in the main drive.

What attracts attention in the analysis of power flow is the fact that
there is no regenerative braking during a turn with a radius smaller than
Rs. With this kinematic configuration of the transmission, regenerative
braking is achieved only at turns with a radius greater than Rs, but since
the vehicle is in such a mode for a very short time, regenerative braking
would be negligible.

Hybrid drivetrain model

In order to analyze the performance of different variants of
hybridized transmission operation, a Simulink model of the M80A infantry
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fighting vehicle drive compartment with the hybridized transmission was
developed. The basic structure of the drive group model is shown in
Figure 3. Before the formation of the drive group simulation model, the
basic components of the electric drive were selected, which is described
in more detail in (Milicevi¢, 2019).

Accelerator Pedal Posit

ICE Control Unit Results
Zaokrel - simetricni prvo
Spojnica > MGT

MG_1 ‘ » MG2 Inner track Drive1

MG_2

—— Acc. Podal Pos Driven shaft Driving shaft

Xt ICE and Clutch
' “—Db P4 p K1
K2 "
“—@ po——Dip K2 Outer track Drive2
oK “—Db L= 4 p_GK

Transmission Comtrol Unit

L]

TIB Tracked mechanism

Figure 3 — BVP M-80A hybrid drive topology in Simulink
Puc. 3 — Cmpykmypa umumayuoHHoU modenu aubpudHo2o dsuzamerisi BB M-80A
Cnuka 3 — Cmpykmypa cumynauuoHo2 modena xubpudHoz nozoHa 6Bl M-80A

Drivetrain model control is achieved with the "ICE Control Unit" and
"Transmission Control Unit" blocks. The key element of the "ICE Control
Unit" block is the standard Simulink Longitudinal Driver block based on
literature (MacAdam, 1980). The main function of this block is to define
the required speed of the vehicle, which is achieved by adjusting the
accelerator pedal position so that the preset speed is reached as soon as
possible. The transmission control unit is modeled in the form of control
signals which adjust the transmission parameters according to a
predefined scenario. As the subject of the paper is not the automation of
electric motor control, it was adopted to control them by speed signals
that are set according to the predefined control scenario. In addition to
the signals controlling the electric motors, the block also includes the
control signals for the clutch and the main brakes. The clutch control
signal allows the simulation of the vehicle when it starts to accelerate
from the point of zero velocity, while the brake control signals in this
particular simulation are not used, since brakes are not activated in the
considered turning mode.

T



The "ICE and Clutch" block consists of a standard Simulink Generic
Engine block and a hydraulically activated friction clutch model
(Krsmanovi¢, 2008), (Grki¢ et al, 2009). The ICE parameters are set in
accordance with the power curve of the BVP M80A engine (10V003),
with the initial angular speed of 900 min'and the regulation of the
maximum speed at 2500 min™'. The friction clutch model contains a
standard Simulink block Fundamental Friction Clutch with parameters
selected so that it is possible to simulate the acceleration of the vehicle
from the point of zero velocity, without in-detail dealing with the process
of engaging the clutch.

The TIB block (Figure 4) includes the mechanical transmission
elements and the auxiliary electric drive. The gearbox is modeled as a
gear pair because the simulation involves movement in one gear, and the
parameters of the gears (gear ratios) correspond to the parameters of the
real transmission. The only difference between the mechanical model
shown in Figure 4 and the real model is the KM brake which simulates
the braking of the ICE drive shaft in the case of starting the vehicle from
the place only by employing an electric motor. Also, the main brakes K1
and K2 were modeled within the transmission model.

p_GK

Pinion and Ring gear

K2 =+ K1

@

0 0

Outer track L= . . Innor track

Figure 4 — TIB (Transmission in Block) model in Simulink
Puc. 4 — Modenb TBE (mpaHcmuccus e brioke) 8 Simulink
Crnuka 4 — Moden TYB (mpaHcmucuje y 6noky) y Simulink-y

The "Auxiliary drive electric motors" block includes a power supply
unit (battery) and electric motors. For the battery model whose scheme is
shown in Figure 5, an existing generic lithium-ion battery model was

-
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adopted (Balch et al, 2001), (Gao & Ehsani, 2012), represented by the
equations (Tremblay & Dessaint, 2009):

— discharge model (i* > 0)

f, (i,,i*,i)= Eo— K QgL i+ A-el P 1)
Q - Q -
— charge model (i* < 0)
f, (i, i*i)=Eo-K -_L-i*—K L i+ A-el P (2)
i, +0.1-Q Q—i,
And the battery charge status (State of Charge - SOC%) is

calculated from the following equation:

soc =1oo(1—%Ii(t)dtJ[%] (3)

where: E, - constant voltage [V]; K - polarization constant[V/Ah], or
polarization resistance [Q)]; i* - low-frequency current dynamics [A]; i -
battery current [A]; i; - extracted capacity [Ah]; Q - maximum battery
capa10ity [Ah]; A-exponential voltage [V]; and B - exponential capacity
[AR7T].

t
7
0

First order

low-pass filter

ii) Sel 0 (Discharge) Internal

r% Resistance
1 (Charge)

Exp(s) _ A
Sel(s) 1/B-i(t))-s+1

i*
I
Ex
Y ¢ v
E(hﬂl'g(’ = f: (H it E.'\‘p. Bﬂﬁﬁp(’)

Controlled
voltage

E{ﬁj{‘h arge = ﬁ{” f-*.E\'p‘ B(fﬂr'lp()) source

Figure 5 — Equivalent battery circuit presented by equations (1), (2), and (3)
Puc. 5 — OksusaneHmHas cxema modenu bamapeu, npedcmaesneHHas ypagHeHusmu (1),
(2)u(3)
Cnuka 5 — ExkeusaneHmHo kosio modena bamepuje npedcmassbeHe jedHaqduHama (1), (2)
u(3)
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The electric motor model is a DTC Induction motor drive model from
the Simulink library modified so that its input is direct current. In Figure
6, a block diagram of a drive with the DTC control is displayed (Rosi¢,
2016).

Three-phase Three-phase
diode rectifier inverter
A Induction
o | motor
B | | Braking ‘
Oo— T I
chopper |
% I
' |
|
==a
DTC [* 1 Speed
unit  |e sensor
Speed Speed f
reference controller|e

Figure 6 — Block diagram of the conventional DTC drive
Puc. 6 — OksusaneHmHasi cxema modesnu bamapeu
Cniuka 6 — EkgusasnieHmHo Kosro modena bamepuje

The "Tracks" block (Figure 7) is a subsystem of the Simulink model
which represents resistance loads of the drive compartment, i.e. the
resistance to the movement of the vehicle when performing a turn.
Resistances to movement have a complex nature and depend on the
type of soail, slope, distribution of specific pressures on the soil, turning
radius, etc. (Muzdeka et al, 2004). For this paper, a simplified turning
resistance model is considered in the analysis of turning performance
with the following assumptions:

- the turn is achieved on a hard horizontal surface, at low speed, so
that the influence of the centrifugal force is not considered,

- the center of gravity is in the middle of the contact surface of the
track so that the specific pressure of the track on the soil is rectangular,
and

- track slip under the influence of the brake and traction forces is not
considered.

T

Milicevi¢, S. et al, Modelling and performance analysis of the BVP M-80A hybrid drive, pp.64-87



i‘VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2021, Vol. 69, Issue 1

@ ulazno vratilo Mpt1 [Nm]
Drive1
>R Vil —o . »{ V1 |
Inner track
| ")
M
V1[m/s] k3 d
3 R v
V2[m/s] k&t ::I D
Turning radius
L »{ V2 I
~PAR Mpt2 [Nm] »> D
©) ulazno vratilo vz} e — v2
Drive2 Path

Quter track

Figure 7 — Simulink model of tracks
Puc. 7 — Simulink modesib 2yCeHUYHbIX JIeHm
Cnuka 7 — Simulink Mmoden eyceHU4YHUX Kpemaya

The turning radius of a tracked vehicle is obtained from the following
equation:
B v,+v
A @)
2 1
where: V1, V2 — the rewind speed of the inner and outer tracks and B —
the track width.

R

Figure 8 shows the forces acting on the vehicle during turning under
the conditions described above. Based on the presented mechanical
model, the equations for determining the required forces on the tracks
are obtained as follows:

F,=R,+ MBC

(5)
F =R,
1 k1 B

where: Ryq, Rz — the straight-line motion resistance and M. — the turning

resistance.
74D
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Figure 8 — Forces and moments acting on the tracked vehicle during a steady state turn
Puc. 8 — Curnbl u MomMeHmMbI, eticmaytowjue Ha 2yceHUYHoU MauluHe 80 8pemMsi
rnosopoma
Cnuka 8 — Cune u MoMeHmu Koju 8enyjy Ha 2yCeHUYHO 803Us10 NPUIUKOM 3aoKpema

In the case of the uniform turn of the tracked vehicle at low speeds
on a horizontal surface, the straight-line motion resistances, which are a
consequence of the surface deformation, are calculated from the
expressions:

Ry =N,
R, =N ©)
k2 — 2
where: f — the rolling resistance coefficient (adopted value f =0.07) and
N+, N> — the surface reaction forces.

For the considered case of turning, the normal surface reactions are
equal to half the weight of the vehicle:

G
Ra=Ra= 1> (7)
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The turning resistance is obtained as follows:
uGL
M =2 8
e =, (8)
where: u — the turning resistance coefficient and G, L — the vehicle
weight and the contact surface length, respectively.

The turning resistance coefficient u (Nikitin & Sergeev, 1962) is
calculated using the following expression:

/umax
v ]) g

ILJ =
2
. . - B
where: R — the turning radius; g, — the coefficient value when R=E

(adopted value gy, =0,85), and a - the experimental coefficient
(a=0.8+0.85, adopted value a =0.85).

After adopting the values of the coefficients, the final expression for
the coefficient of resistance to rotation is obtained:

0.85
M= (10)

0.85+ 0.15(R + 1}
B 2

The final inner and outer track forces expressions:

F2 — sz _}_&:f_G_}_’u_CEL
B 2 4B (11)
M., fG uGL
F=R,- S —
B 2 4B

The track forces are radius dependent as shown in Figure 9. It can
be seen that the outer track force has a positive sign, i.e. it is a tractive
force at all turning radii, while the inner track force is a tractive force at
radii larger than Rs, while it is a braking force at smaller ones.

e



Figure 9 — Dependence relation of the track forces on the turning radius
Puc. 9 — 3asucumocmsb curnbl He 2yceHU4yHoU neHme om paduyca rnogopoma
Cnuka 9 — 3asucHocm cuna Ha e2yceHuuyama 00 MosyrnpeyHUKa 3aokpema

In addition to external resistances, internal resistances have an
important influence on the tracked vehicles' power balance. For a vehicle
performance analysis, losses in transmission and electric motors can be
neglected, but losses in the tracked mechanism cannot, so they are
taken into account through the efficiency coefficient of the tracked
mechanism. The efficiency coefficient of the tracked mechanism in the
general case depends on the magnitude of the force on the track, the
speed of movement, the type of hinge, and the like. A simple calculation
can use a linear dependence from the equation (Muzdeka et al, 2004)

Ngn =0.95-0.018-V (12)
where: 7, — the efficiency coefficient of the tracked mechanism and V —
the vehicle speed.

To be able to simulate the impact of losses in the tracked
mechanism, it is necessary to express the efficiency coefficient in relation
to the torque. In the case where the force on the track is tractive, the
losses in the tracked mechanism increase the required power, so that the

>
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torque at the sprocket wheel that represents the resistance is increased
and calculated from the expression:

M =i (13)

pt
Mgm

In the case where there is a braking force on the track, the
resistances of the tracked mechanism cause the torque at the sprocket
wheel to be reduced and calculated from the expression:
14
MptzFi'rpt'ngm ( )
On the outer track, the torque on the sprocket wheel is always
calculated from expression (13), and on the inner track from expressions
(13) and (14), depending on the sign of the force on the track. The block

diagram of the load model on the inner track is shown in Figure 10.

Figure 10 — Inner track load model
Puc. 10 — Modenb conpomueneHusi Ha BHympeHHel 2yceHe4YHol fieHme
Cnuka 10 — Moden omnopa Ha yHympauwH0j 2yceHuyu

Simulation results

Based on the developed model, the simulation of the vehicle
movement with the hybridized transmission during turning was
performed. In order to see the hybridization influence on the turning
performance, a simulation was performed in three motion modes: turning
with the deceleration of the internal track - asymmetric turn (case A),
turning with the deceleration of the inner and acceleration of the outer
track, with a turning radius as in the previous case - symmetrical turn with
a lower initial speed (case B), and turning with the deceleration of the
inner and acceleration of the outer track but without reducing the speed
of the vehicle - symmetrical turn (case C). The first case is completely

o



equivalent to the behavior of the conventional transmission and it is a
reference case for assessing the hybridization impact on the
performance of turning. It is important to note that even though the turn is
performed equivalent to the conventional system, there are significant
advantages over the conventional system. The main advantage is the
fact that the rotation is continuous, i.e. it is achieved without power losses
due to friction in the transmission elements. The B and C cases of turning
are not possible with the conventional transmission. In contrast, the
hybrid transmission allows such cases of turning by choosing the way of
controlling electric motors in the auxiliary drive, which means that the
possibility of their use is realistic. The B case represents the rotation of
the vehicle with the same radius as in the A case, and since the rotation
is essentially symmetrical, it is achieved with a lower initial speed. The C
case is a classical symmetrical turn and is achieved at the same initial
speed as in the A case. The diagram, Figure 11, shows the change of the
turning radius for all three considered cases, where the previous
statements are confirmed.

R[m] i

25

20

10

tls]

Figure 11 — Turning radius change in time for the A, B, and C cases
Puc. 11 — UsmeHeHue paduyca nosopoma 8 criyqyasx A, Bu C
Cnuka 11 — lMpomeHa nonynpe4yHuka 3aokpema 3a cryyajese A, Bu C
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Figure 12 shows the speeds of the vehicle during the simulation of
the turning process. The simulation includes starting the vehicle from the
point of zero velocity, moving at a constant speed, entering a turn, and
moving in a turn with a constant radius. It can be seen that from the
aspect of changing the speed of movement, the B and C cases are
favorable because there is no change in the speed of the turn.

6

[m/s] R —

0 2 4 6 8 10 12 14
t[s]

Figure 12 — Change of the vehicle speed during the turn for the A, B, and C cases
Puc. 12 — UameHeHue ckopocmu MawuHbl 80 8peMs nogopoma 8 criyyasix A, Bu C
Cnuka 12 — lNpomeHa 6p3uHe go3uria y 3aokpemy 3a criyqajese A, Bu C

In order to perceive the performance of the turn, it is necessary to
analyze the power needed for individual cases of the turn. As the power
of the basic drive unit - diesel engine and the power of the electric motor
in the auxiliary drive - is engaged in the turn, it is necessary to analyze
the value of these powers, as well as their ratio. Figure 13 shows the
total power engaged to perform the turn. In the C case, the greatest
power is engaged, bearing in mind that the turn takes place at a higher
initial speed, but it is important to note that, in this case, the turning
radius is larger, which is even more unfavorable. In the cases of A and B,
practically the same power is engaged, but two facts must be taken into
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account: 1) the initial speeds are different and 2) the same turning radius
is achieved. As the movement speed directly affects the number of
revolutions of the ICE, it is important to analyze the relationship between
the power of the drive motor and the power that is supplied to the
transmission via the auxiliary drive, i.e. via the electric motor.
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Figure 13 — Total power needed for turning
Puc. 13 - Obwas mouwHocmb, Heobxodumasi Onsi nogopoma
Cnuka 13 — YkynHa cHaza nompebHa 3a u3eoher-e 3aokpema

Figure 14 shows the ratio of the power engaged by the diesel engine
(Pom) and the power of the electric motor (Pgy) for the A case and the B
case, which are performed with the same turning radius. It can be seen
that the power balance is more favorable because less diesel engine
power is used when turning, which is a consequence of the fact that in
this case two electric motors are working.
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Figure 12 — Total power needed for turning
Puc. 12 - Obwas mowHocmb, Heobxodumasi Onsi nogopoma
Cnuka 12 — YKkynHa cHaea nompebHa 3a u3goher-e 3aokpema

Conclusion

Based on the results presented in the paper, it can be concluded
that the proposed hybridization model of the BVP M80A powertrain would
provide a significant improvement in vehicle performance while retaining
the key components of the powertrain. The developed Simulink model
provides a simulation of the vehicle movement both in straight-line
motion and in turn, with the fact that loads of the drive group are real only
with a uniform movement. The simulation results show significant
advantages of hybrid drive when performing turns, although it is clear
that hybridization also has advantages related to straight-line motion, use
of combined drive when starting the vehicle, silent mobility, regenerative
braking, etc. Another important application of the Simulink model is its
application in the development of an appropriate transmission control
system, where it is necessary to integrate mechanical, electrical, and
hydraulic components in order to obtain an optimal control system of the
proposed hybridized drive group solution.
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Peswome:

BeedeHue/uernb: [ubpudHasi mexHOI02usi yCrewHo NpUMeHsiemcsl 8
asmonpoMbILWIIEHHOCMU J162K0BbIX U KOMMEepPYecKux asmomobused.
Pykogodcmeysicb  ycriexoM U fpeumywiecmeamu  2ubpuOHbIX
mexHosioeauli, MHoaue OOOpPOHHbIE Op2aHu3auuu Mo eceMmy Mupy
uHeecmupytom 8 paspabomky 2ubpudHbix mexHosoauli 0rs1 6oesbix
MawuH u paspabamsigearom rMpoOmMomuribsl 2yCeHUYHbIX bpoHeMalluUH,
Komopbie pacxolyrm HaMHO20 MeHbWe mornauea, omiu4yarmces
nydwel npou3godumesisHOCMb, MEHbWUM 8bI6POCOM 8bIXITOMHbIX
2a308 u 0ornosTHUMmersnbHbIMU 803MoxxHocmsamu. OdHaKko reped 88000M
8 b6oesyo aKcrnyamayuo eubpudHbIX 2YCeHUYHbIX bpoHemauwuH
Heobxo0umMo pewums pasrfiuyHble mexHu4Yeckue rpobnembl. Ha
OaHHbIl  MOMeHm  6bin  npogedeH uenbili  psad  ucrbimaHul
pomomurios, HO 8Ce ewe cywecmsyrm  02paHUYeHUs,
OMHOCAWUECss K  KIIHOYEBbIM  MEXHO02UsIM,  makuM  Kak:
anekmpodsueamersu, MPOBOOHUKOBAas: 3MIEKMPOHUKa U Hakonumesnu
afieKmpo3Hepauu. B ycnogusix ¢huHaHCOBbIX O2paHUYeHUl Herlb3s
donyckampb OWUbOK U mpamumb MHO20 PECypCco8 Ha MiaHuposaHue,
cos0aHue npomomuros u ucrbimaHusi.

MemoObi: CriedosmeribHO, pa3yMHbIM peweHueM 6bi1o 3arycmumb
npoepamMMmHoe MoOesiuposaHue, C OMOWbIO KOMOPO20 MOXHO
uccnedosamb pasfiuyHble napamempb! 8 UMUMAaUUOHHbLIX YC/I08USIX,
Kkomopble 6osiee unuU MeHee UMUMUPYIOM peasibHble YC/108Usl
akcrninyamauyuu. B daHHOU cmambe 6birio npedcmagrieHo 00HO U3
BO3MOXHbIX PeleHuUl, Kacarowuxcsi ebibopa coomeemcmeyruux
mexHosnoauli  2ubpudHoz2o0 npueoda, npPeOdrIoKeHO cucmemHoe
peweHue dns aubpudHozo npusoda bpoHemawuHbl M-80A. B uensx
ocywecmeneHus 0aHHoe nnaHa, bbina paspabomaHa UMUMayUOHHYH
modenb  aubpudHoeo  rnpueoda € IOMOWbK  Mpo2paMmbl
MatlabSimulink.

Pe3ynbmamei: Pe3ynbmambl, MofyYeHHble rnpu  MoOesuposaHuu,
rokasbigarom, 4ymo rpeodnazaemoe peuieHue 2ubpudHozo npusoda
obecrieyugsaem Jfyqwyr0 NpouU3BoOUMENIbHOCMb  MPaHCIOPMHO20
cpedcmea.

Bbigodbl: [lpu modenuposaHuu Mpo8epsnucb MOJbKO fnapamempsbl
rnosopoma, HO ama Mmodesib Moxem Obimb YCEWHO MPUMEHeHas
ucrnsimaHusixnapamempog npu npsMosuHelHom JdsuxeHuu. Kpowme
moao npedroXeHHy0 MOOENbMOXHO MNPUMEHsMb Ons UCMbimaHusi
napamMempos U asi20pummo8 Komposis MpPaHCMUCCUU.

Kntouesnle crosa: aubpudHbili npueod, boesass MawuHa, napamempsbi
2yCeHeYHbIX MawuH, eubpudusayusi, MATLAB, Simulink.
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CUMYTTALIMOHW MOOEN N AHAJTM3A NMEP®OPMAHCH
XNBEPUOHOI NOIrOHA BBl M-80A

Cmecpan B. Munuhesunh?, Criasko P. Myxaeka®

@Bojcka Cpbuje, LieHTpanHa noructuuka 6asa, 1. NOrucTMUKM LeHTap,
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OBJNACT: malmnHCTBO
BPCTA UJTAHKA: opurnHanHun Hay4yHu pag

Caxemak:

¥800: XubpudHa mexHo/o2uja je yCriewHo UHKopriopupaHa Yy
UHOYyCmpuju MymMHUYKUX U KOMepuyujasHux eosuna. BoheHu ycrnexom u
npedHocmuma Koje oHa OoHOCU, MHOoze 00bpambeHe opezaHu3auuje
wupom ceema ynaxy y pa3eoj xubpudHe mexHosnozuje 3a bopbeHa
go3usna. Passujajy u npomomurioge 2yceHu4YyHux bopbeHux eo3urna
Koja umajy Marby rnompouwry 2opuea, bosrbe nepghopmarce, 6osby
u3lysHy emucujy U euwe eflIeKmpu4YHe eHepauje Koja ce Moxe
uckopucmumu 3a pasnudume ernemeHme Halepadwe. Mehymum,
rocmoje pasnuydumu mexHUYKU u3a3oeu Koju mopajy bumu peweHu
npe yeohewa xubpudHoz eyceHu4yHoe 6opbeHoz egosuna y
onepamusHy yrnompeby. CripogedeHO je HEKONUKO ycrewHux
ucrumuearka fpomomuriosa, asau jow yeek rocmoje ozspaHuyerba y
8e3U ca K/byYHUM mexHoriogujama Kao Wmo Cy efieKmpomMomopu,
CKnaduwme efieKmpuyHe eHepauje U rnpo8OOHUYKa esIeKmMpPOHUKa. Y
makeum ycrioguma, y Kojuma cy (buHaHcuje ozpaHU4YeHe, He MOXe
bumu MHO20 epewaka HU mpowera MyHO pecypca Ha fraHupame,
u3zpadmy Npomomuroga U HhUxo80 mecmupamse.

Memoda: PayuorarHo je pa3sumu coghmeepcky cumymnayujy rnomohy
Koje je moeyhe ucniumamu pasnudume rnapamempe y CUuMyupaHum
ycrioguma Koju, Marme Unu euwe, OfioHalajy peasiHe ycrioge
ekcrinoamauyuje. Y pady je npukadaHo jedHo 00 mozyhux pewera
usbopa o0zoeapajyhux mexHonoeuja xubpudHoz o2oHa U
rpeornoXeHO CUCMEMCKO peuwere XubpudHoz rnoz2oHa 3a bopbeHo
go3usno newaduje M-80A. 3a yceojeHO pewere pa3gujeH je
cumynayuoHu modesni xubpudHoa ro2oHa y MpoepamMCKOM OKPYKEHY
MatlabSimulink.

Pesynmamu: Pesynmamu dobujeHu cumynayujom rokasyjy  Oa
rnpeodnoxeHo pewere xubpudHoe nozoHa obesbeljyje 3HamHoO borbe
nepghopmaHce roeoHCKe epyre 8o3urna.

3akrbyqak: PaamampaHu cy camo napamempu 3aokpema, anu mMooen
ce MOXe ycrnewmHo [rpuMeHumu u fpu aHanusu nepchopmaHcu
npaeorsuHujckoz Kpemara. [loped moea, moden je moeyhe
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Kopucmumu U 3a ucnumusare nepghopMaHcu U ansopumama
KOHmMpoJsie mpaHcmMmucuje.

KrbyuHepeuu: xubpudHu no2oH, 6opbeHa eo03una, nepchopmaHce
2yceHu4YHuUx gosuna, xubpudusayuja, MATLAB, Simulink.
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Abstract:

Introduction/purpose: The research subject in this article is the status of
the air quality in the city of Novi Sad and its impact on the health of the
population. The relation between these two points will be presented using
the DPSEEA model. The research aim of this article is to apply proper
measures in order to mitigate negative effects on human health, based on
scientific knowledge related to air quality influence on the health of the
Novi Sad population. The basic hypothesis of this research implies that air
quality affects Novi Sad’s population health.

Methods: The following methods were used in this article: modeling,
analysis-synthesis, statistic method, classification method, combining
method, geographic-ecological method, method of geographic-medical
description, method of the medical geography forecast as well as
cartographic method.

Results: Based on the DPSEEA model and the example of the air
pollution in the city of Novi Sad, the following was identified: air pollution
driving forces, pressures, state of the air quality, population exposure to air
pollution, effects on human health as well as measures and actions that
should be conducted. The mentioned model was also used to present the
relationship between these segments.

Conclusion: The given model deals with a wide spectrum of potential
forces (harmful effects) and necessary community actions, bringing
together professionals, people in the field and those from laboratories as

ACKNOWLEDGMENT: The work of the author is supported by the Ministry of Education,
Science and Technological Development of the Republic of Serbia, Project 176088.
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well as managers in the area of environment and public health
management, in order to tackle emerging problems in a comprehensive
manner.

Key words: air quality, city of Novi Sad, DPSEEA model, health effects,
protecting measures.

Introduction

The purpose of this article is to apply the existing scientific
knowledge in the area of medical geography in the scientific description
and merging of the data on the air quality and the health of the population
of the city of Novi Sad. Medical geography studies the relation between
the geographic environment and health, especially estimating the way
natural and social environments shape the health and well-being of every
individual (Cromley&MclLafferty, 2012). According to the World Health
Organisation (WHO), health is not just the absence of disease, but the
reflection of social and mental well-being of individuals in communities as
well (World Health Organisation, 2020). The field of medical geography
has developed rapidly in the last decade acknowledging that the concept
of “location” plays an important role in understanding the health of
individuals (Kwan, 2012, pp.891-892), while the progress in spatial
modelling has eased the spatial analysis in different segments, spatial as
well as temporal (Cromley&McLafferty, 2012).

An important segment is certainly air quality as it represents an
important factor in evaluating not only the environment, but the life quality
of the population in any state. The relationship between air quality and
human health is not only of national significance but a global issue as
well. The commonly known fact is that polluted air could be spread
through the atmosphere to other states, causing serious consequences
on the environment and human health. Life quality, living conditions and
the quality of all components and segments of the environment, air
quality being one of them, represent an imperative of social development.
The relationship between air quality and human health has been known
through history and negative effects have already been determined.
However, development and survival of society in general still lead to a
continuous increase in air pollution although negative pressures have
already been determined. The example is certainly the territory of Novi
Sad and the entire Autonomous Province of Vojvodina.

Modelling is a case-dependent reduction (abstraction) of a real-world
problem to its relevant aspects. Models reduce complex problems to
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simpler shapes, easier to manage. The skill of the model definition is in
finding a formal system whose behaviour will successfully simulate the
behaviour of specific aspects of the real world (Kric¢kovi¢, 2018, p.28).

According to a WHO working group, feasibility was pointed out as
the key determinant in choosing the Environmental (public) Health
Indicators (EHIs), as well as the proportion of their usability in
multinational analyses which connect information collected from the
environment and health systems (Mati¢ et al, 2013, p.10). The same
group of experts established a model which could be used in an
Environmental Health Programme information system. The model is
named by the starting letters of its structure elements (the DPSEEA-
model): D — driving force; P — pressure; S — situation (environment
status); E — exposure; E — effects, and A - actions (should be
conducted in a public health system) (Mati¢ et al, 2016, p.5). Figure 1
shows the DPSEEA model, which describes how driving force, pressure,
state of the environment, exposure, and effects affect actions, e.g.
measures which should be conducted in order to protect human (public)
health.

Mainstream health

Effects @ndenvironment into Driving forc_es
development policies  (€.g., @conomic,

le.g., ttilsl_f:afe social, political,
JHUELITY technologic,
institutional)
Treatment, Promote sustainable,
rehabilitation equitable patterns
of production and
& consumption
Actions
Exposure Pressures
(e.g., to pollutants, (e.g., ecosystem
infectious agents) depletion,

waste release)

Environmental health

surveillance to Build capacity to
improve community monitor ‘\m.il manage
protection ecosystems and
contaminants

State
(e.g., degraded
ecosystems,
pollution)

Figure 1 — DPSEEA model - framework scheme (Carneiro et al, 2006)
Puc. 1 — Modenb DPSEEA - koHmypHasi duazpamma (Carneiro et al, 2006)
Cnuka 1 - Moden DPSEEA — oksupHa wema (Carneiro et al, 2006)
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Results of the research and the discussion

If the DPSEEA model could be shown using air pollution as an
example, its elements would have the following meanings:

D = industry; the usage of fossil fuels in traffic; the number of
kilometres per passenger in traffic;

P = emission of pollutants in the air;

S = the concentration of pollutants in the air (emission);

E = population exposure to pollutants; the number of inhabitants
exposed to excessive air pollution; the number of days with excessive
pollution;

E = quantified health effects of the polluted air; the number of
respiratory and cardiovascular diseases; and

A = imposed measures by the public health service in order to
reduce air pollution as well as harmful effects on public health (Mati¢ et
al, 2016, p.6).

The DPSEEA model used in this article presents the biggest
contaminant - industry as a driving force of air pollution in Novi Sad, while
particles of sulphur and nitrogen oxides, as well as PMiyg 1 PMys
particles, whose concentration is measured, present pressure on the
health of the population. Pollutants from individual household heating
systems during cold weather and PCDF/D particles, whose concentration
is not measured, also present pressure on public health. One of big
pressures on the environment, as well as on air quality, is certainly traffic
i.e., the usage of fossil fuels as well as the number of kilometres per
passenger in traffic. However, there is no statistical data which could
show this segment; therefore, it is not considered in this work. The
emission of pollutants, i.e. their average annual values, is presented as a
situation. Excessive values of pollutants represent exposure to harmful
effects in the environment; long-term exposure to pollutants is related to
numerous chronic diseases, such as lung cancer and cerebrovascular
diseases as well as children respiratory diseases. The number of patients
with respiratory and cardiovascular diseases represents an effect on
public heath due to exposure to pollutants. The measures imposed by
public health officials represent activities conducted in the public health
system in order to mitigate air pollution effects. Figure 2 shows the
relationship between air quality and public (population) health in Novi
Sad together with the segments of the mentioned model.
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Respiratory diseases: MNovi Sad’s Industry:

12,7%, Legislation regulation related Oil industry - NIS,

Cardio vascular diseases: to erwironmental protection Chemical industry ,,Albus”,

15,2 %. Rubber industry ,,Gumins”,

Respiratory diseases mortality: Metallurgy complex , Pobeda®,

17,2%, Electric machines and cables ,Novkabel®,

Cancer mortality: Leather industry ,Novitet”,

19,3%, Construction industry.

Cardio vascular diseases mortality:

30,4%.
Sustainable development and
proper production
consumption refation reduces

Public health protection Actions - measures: pressires:

Limit pollutants emission,

Alternative sources of energy,

Cleaner industry processes,

Reducing traffic — using public

transport, bicycles etc. Concentration of S0,, NO,, PM,,
PM, 5, CO, O, is measured.

Novi Sad’s population:
356.126 Concentration of PCDF/D, pollutants
Number of days exceeding from household boilers during
PM,,: 35 heating season IS NOT measured.
Number of days exceeding
0;:21 Emission of pollutants -
average year values:
50,: 8 pg/m?,
Maonitoring of NO,: 16,4 ug/m?,
environment state in PM!.S 28,5 p.gfm’ Building capacity for
'o)fod:ht: :‘:Otc(t PMm .33 mm 3' measuring all air polflutants

C0: 0,33 mg/m3,
0,:78,2 pg/m?.

Figure 2 — Air quality - public (population) health in Novi Sad relation model
Puc. 2 — ModenuposaHue 83aumMocesi3u Mex0y cOCmosiHUeM Kadecmea 8030yxa 8
Hosu-Cade u 30oposbem HacerneHus
Cniuka 2 — Modenosar-e 8e3e uamehy cmara kearniumema ea3dyxa y Hosom Cady u
30passba cmaHosHUWMea

It is necessary to consider air quality as one of the factors affecting
public health. In order to represent the most real situations, it is
necessary to optimize air quality measures. The established automatic
air quality measuring stations monitor air quality; quantity and the basic
principles of the measuring stations will be described later in this article.
Also, the responsibilities of national and local authorities for these
stations will be specified.

According to the Development Strategy of AP Vojvodina 2014-2020,
air quality in urban areas is affected by energy facilities, increasing
number of vehicles, and industry. The geographic-ecological method
makes it possible to conclude that air pollution in Novi Sad has iits origins
mostly in stationary and mobile pollution sources, and less in closed
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space. The main stationary pollution sources are the oil refinery, power
plants and heating plants, chemical industry facilities, fuel combustion
products in households and individual heating boiler rooms, construction
industry, inappropriate storing of raw materials, landfills, etc. (SluZbeni
list APV, 13/2014, p.150). The problem of air pollution caused by heating
plants is one of the most significant environmental problems of large
cities, and also that of Novi Sad, the second largest city in Serbia
(Petrovi¢, 2017, p.6).

The important sources of air pollution in Novi Sad are: NIS
Gazpromneft, Chemical industry Novi Sad, Albus (detergents and
cosmetics industry facility), Gumins (rubber processing, as part of
chemical complex industry, developed for producing tractor tires and
production of rubber-technical goods), metallurgy complex Pobeda,
Novkabel (in the area of electric machines and cables), textile industry,
leather industry complex Novitet, Neimar (construction industry) as well
as Buducnost (Chamber of Commerce and Industry of Vojvodina, 2020).

The public enterprise Naftna Industrija Srbije, NIS — Oil Industry of
Serbia from Novi Sad unites production of oil, gas and oil products -
engine and industry fuels, lubricants and other products based on oil. In
oil refinery processes, there is significant air pollution due to the
presence of easy-to-evaporate hydrocarbons and other aromatic
compounds. Heating plants which use fossil fuels (lignite) and oil and oil
products industry are the most significant environmental pollutants.
Environmental pollution could be present in any process of electric
industry: coal production (mining and surface mines), production and
distribution of electric power, oil and gas sectors, starting from research
and then exploitation and especially in oil processing and transport
(Sluzbeni glasnik Republike Srbije, 44/2005).

Besides being caused by old technology used in production
processes, absence of exhaust filtering or poorly efficient existing filters,
irrational usage of raw materials and energy, as well as poor
maintenance, significant air pollution is also caused by inadequate
storing and disposal of by-products. It is considered that vehicles are one
of the most significant air pollutants in Novi Sad. Exhaust gasses
emissions release sulphur dioxide, carbon monoxide, nitrogen oxide,
ozone, and particles into the atmosphere. The data on vehicle emissions
are still missing both for the city of Novi Sad and for Vojvodina province
(Sluzbeni list APV, 13/2014, p.150).
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Air quality state on the territory of the city of Novi Sad and
pressures on the environment

Data on air quality and possible health effects are taken from the
Report on the air quality state for 2018, as well as from the Report on the
environment for 2018 issued by the Serbian Environmental Protection
Agency (SEPA) in 2019. Data on health effects are taken from the Report
on Public Health for the City of Novi Sad for 2018 issued by the Institute
of Public Health of Vojvodina in 2019 as well as from the Health-Statistic
Yearbook for 2018 issued by the Institute of Public Health dr Milan
Jovanovic Batut.

According to the Report on the environment for 2018, air quality is
estimated based on available data in compliance with the regulations and
recommendations from the Environment Accession Project — ENVAP.
The available results from referent monitoring in national and local
networks of measuring stations are used for estimating air quality in
2018. According to the Report on the air quality state for 2018, “urban
agglomeration Novi Sad“ covers the territory of the city of Novi Sad
(Environmental Protection Agency of the Ministry of Environmental
Protection of the Republic of Serbia, 2019a, p.12).

There is no national cadastral of air pollutants in urban areas in
Vojvodina province. Neither there is a list of polychlorinated
dibenzofurans and dioxins (PCDF/D) which are significant pollutants and
whose sources are uncontrolled municipal waste incineration, metallurgy
and open fires after harvesting. Monitoring of air pollutants emission from
individual heating boiling rooms and domestic fireplaces in heating
seasons is also missing. (Sluzbeni list APV, 13/2014, p.150)

According to the Report on the environment for 2018, the air in Novi
Sad was clean or slightly polluted. It is important to note that, in the
beginning of 2018, the automatic measuring station was switched off due
to big construction works. The air quality in the city of Novi Sad varies,
but since 2016 it has been in the first category, i.e. clean or slightly
polluted. According to the Report on the air quality state for 2018,
increased content of heavy metals in analyses was from PM;q samples
taken from the Novi Sad — Liman (161) measuring station, part of SEPA’s
national network of measuring stations. (Environmental Protection
Agency of the Ministry of Environmental Protection of the Republic of

Serbia, 2019b, p.28).
94D



Based on the statistical method, the average annual values of
pollutants concentration in two measuring stations in Novi Sad are shown
in Table 1 and it could be noticed that the number of days with excessive
values of pollutants was 35 for PM,q, and 21 for Os;. Therefore, the air
quality was in the First category according to the classification method.
The question remains whether it is possible that only two measuring
stations monitor the air quality in a city as big as Novi Sad.

Average annual concentration of air pollutants

5 B
K S
5] ko) SO, NO, PM;o PMys | CgHs co O3
Ew 3
2% | Station | T Nl
PN = of Number Number Number
c 3 3 3 of 3 Number of 3 3 3 of 3 of
5 g Hg/m d$)2/2> Hg/m days>§5 Hg/m days>50ug/m® Hg/m Hg/m™ | mg/m days>‘35 Hg/m days>1320
=)
ug/m® ug/m mg/m pg/m
Novi
Sad 8.00 0 16.4 0 33.0 35 0.33 0 78.2 21
. Liman
Novi Novi
Sad
Sad 800 | 0
Sangaj :
(L)

Tabne 1 — Average annual concentration of air pollutants (Environmental Protection
Agency of the Ministry of Environmental Protection of the Republic of Serbia, 2019b,
p.42), adjusted
Tabnuua 1 — F'odosast KOHUEeHMpayus 3a2psA3HAWUX seujecmes 8 8o30yxe
(Environmental Protection Agency of the Ministry of Environmental Protection of the
Republic of Serbia, 2019b, p.42), aBanmupogaHo
Tabena 1 — MNoduwra KoHUeHmpauuja 3az2ahyjyhux mamepuja y ea3dyxy (Environmental
Protection Agency of the Ministry of Environmental Protection of the Republic of Serbia,
2019b, p.42), npunazoheHo

A combination of methods, i.e. the classification method and the
analysis of the Report on the air quality state for 2018, and the
comparison of the air quality categories for the last 9 years made it
possible to conclude that in 2010 and 2011 the air quality in Novi Sad
was in the third category.

During 2012 to 2014, the air quality was in the first category; in
2015, it was in the second category, while in the period from 2016 to
2018, the air quality was in the first category. When the air quality
categories are concerned, it is important to notice that there are specific
warnings and recommendations to the population for certain categories
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Increased concentrations of pollutants during winter are not
surprising regarding increased usage of coal, fuel oil or gas for heating,
i.e. heating plants (Institute of Public Health of Vojvodina, 2019a, p.7).
The assumption is that the increased concentration of PM4, and CO,
particles during the winter period is caused by the usage of these fossil
fuels. This relation between pollutants and weather parameters, not just
during the heating season but during the whole year as well, points out to
a possible source of pollution in Novi Sad, i.e. to a possible influence of
weather on air quality.

When possible sources of pollutants related to urban areas
(traffic/household heating) are considered, the results show that traffic
has a more significant influence on air quality during the summer period.
This implies a bigger influence of household heating and heating plants
during winter.

Also, according to the same study, air quality is more related to
weather parameters during the summer period, when humidity is lower
and there are conditions for spreading air pollutants characteristic for
urban areas whilst during winter, due to higher air pressure, there are
conditions for an increased number of PMo particles (Institute of Public
Health of Vojvodina, 2019a, p.9).

The cartographic method, Figure 3 and Figure 4, shows the spatial
distribution of SOx and NOx emissions by municipalities and quadrants of
25x25 kilometres. The data used for this model are taken from the
National Register of Pollution Sources (NRIZ) as an information
subsystem of the Environmental Information System of the Republic of
Serbia. According to Figure 3, the average annual SOx emission for Novi
Sad is in the range from 1 to 100 tons per year, and according to Figure
4 the average annual NOx emission is in the range from 100 to 1,000
tons per year.
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Sox emission in t/year, 2018
Emucuje SOx y t/god, 2018.
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Sox emission in t/year, 2018
Emucuje SOx y t/god, 2018.

0- 1
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,' Serbim Environmentsl Protaction Agency SEPA)
AIcHIna 32 SAUTHTY KHBOTHE CPEIINE

Figure 3 — Spatial distribution of sulphide oxides by municipalities in Serbia
(Environmental Protection Agency of the Ministry of Environmental Protection of the
Republic of Serbia, 2019b, p.19), adjusted
PucyHok 3 — lNpocmpaHcmeeHHoe pacripedeneHue 8bibpocos okcuda cepbl 1o
myHuyunanumemawm 8 Cepbuu (Environmental Protection Agency of the Ministry of
Environmental Protection of the Republic of Serbia, 2019b, p.19), adanmuposaHo
Cnuka 3 — lNpocmopHa pacnodena emucuja CyMnopHUX okcuda no onuwmuHama y Cpbuju
(Environmental Protection Agency of the Ministry of Environmental Protection of the
Republic of Serbia, 2019b, p.19), npunazoheHo
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NOx emission in t/year, 2018
Emucuje NOx y t/god, 2018.
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NOx emission in t/year, 2018

Emucuje NOx y t/god, 2018.
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Figure 4 — Spatial distribution of nitrogen oxides by municipalities in Serbia
(Environmental Protection Agency of the Ministry of Environmental Protection of the
Republic of Serbia, 2019b, p.19), adjusted
Puc. 4 — lNpocmpaHcmeeHHoe pacripederneHue 8b16pocos8 okcuda azoma rno
myHuyunanumemam e Cepbuu (Environmental Protection Agency of the Ministry of
Environmental Protection of the Republic of Serbia, 2019b, p.19), aanmuposaHo
Cnuka 4 — lNpocmopHa pacnodena emucuja a3omHux okcuda o onwmuHama y Cpbuju
(Environmental Protection Agency of the Ministry of Environmental Protection of the
Republic of Serbia, 2019b, p.19), npunazofjeHo
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Novi Sad’s population exposure to variable air quality

According to the Statistical Office of the Republic of Serbia in 2017,
Novi Sad had the population of 356,126 inhabitants, which is 55,000
more inhabitants than in the census of 2002. From the Report on
Population Health in Novi Sad for 2018, it is clear that excessive values
of the following pollutants were determined in Novi Sad: PM, s suspended
particles exceeded the limit values by 12% (the limit value is 25 pg/m®),
PM, s suspended particles exceeded the permissible values by 8 % (the
permissible value is 26.4 pg/m®) and the concentration of benzo(a)pyrene
in PM,, suspended particles exceeded the prescribed values in 69% (the
prescribed value is 1 ng/m®) (Institute of Public Health of Vojvodina,
2019b, p.110).

The values exceeding the prescribed concentrations of air pollutants
in Novi Sad during one year period are presented using the cartographic
method in Figure 5. Urban areas are shown in black, while suburban
areas are shown in purple. The City’s Direction for Environment's data is
used for this method and provided by the Institute of Public Health of
Vojvodina.

According to the same report, exceedances of the limit values of air
pollutants are determined daily: limit/permissible concentration value
(50/50 pg/m?®) for PM4, suspended particles during 14 days, which is 25%
of 112 controlled days. Exceeded values were in the range from 52 to 88
ug/m*; daily limit/permissible value (85/97 pg/m®) for nitrogen oxide
during 10 days, limit values (2.77%) and 7 days, permissible values
(1.94%) out of 361 controlled days (Institute of Public Health of
Vojvodina, 2019b, p.111).

The concentrations of nitrogen-dioxide exceeding daily limits were in
the range from 85.5 to 134 pg/m?®; the concentrations of ozone exceeded
the prescribed value (120 pg/m®) during five days out of 350 controlled
days.

These exceeded values were in the range from 121.5 to 205 pg/m?®.
According to the Report on Public Health in Novi Sad for 2018, due to
national regulation, daily concentrations of PM, s particles are analysed
only annually.
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Stepanovicevo * CycneHgosaHe Yectiue PM2,5

a PM, s particles
{jﬁ Benao(a)nupen (PAH) y PM10
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Figure 5 — Values exceeding the prescribed concentrations of air pollutants in Novi Sad
during one year period (Institute of Public Health of Vojvodina, 2019b, p.110), adjusted
Puc. 5 — Exxeeo0Hoe rnipesbiweHue npednucaHHbIX KOHUeHmpauyul 3agpsa3Hsaouux
sewecmes 8 8030yxe eopoda Hosu-Cad (Institute of Public Health of Vojvodina, 2019b,
p.110), adanmuposaHo
Cnuka 5 — lNpekopadyere npornucaHux KoHUeHmpauuja 3azalyjyhux mamepuja u3
sa3dyxa epada Hosoe Cada Ha 20dutursem Husoy(Institute of Public Health of Vojvodina,
2019b, p.110), npunazoheHo

The cartographic methodis used in Figure 6 to show exceedances of
daily concentrations of air pollutants in Novi Sad during 2018. Urban
areas are marked in black, and suburban areas are marked in purple.
This method used the data from the City’s Direction for Environment,
provided by the Institute of Public Health.

102




CyenengoBaqe Yectiue PM10
PM,suspended particles
AszoTamokcna
Nitrogen oxide

T- MpuaemHu 030H
Kisat Cenej Ozone

Figure 6 — Exceedances of the prescribed concentrations of air pollutants in Novi Sad on
a daily basis during 2018 (Institute of Public Health of Vojvodina, 2019b, p.111), adjusted
Puc. 6 — lNpesbiweHue npednucaHHbIX KOHUEHmMpayul 3a2pasHAUUX seuyecms 8
8030yxe eopoda Hosu-Cad Ha exedOHesHol ocHose 8 meyeHue 2018 2oda (Institute of
Public Health of Vojvodina, 2019b, p.111), adanmuposaHo
Cnuka 6 — lNpekopayerse nponucaHux KOHUeHmpauyuja 3aealjyjyhe mamepuje u3 sazdyxa
epada Hosoe Cada Ha OHesHOM HUsoy mokom 2018. 2oduHe (Institute of Public Health of
Vojvodina, 2019b, p.111), npunasoheHo

Effects of degraded air quality on the population health in
Novi Sad

Medical disorders caused by air pollution (inner and external) in
urban and rural areas in both developed and undeveloped regions of the
world could be due to acute or chronic exposure (Piri¢ et al, 2018, p.29).

Based on the medical-geographic description method and the
analysis of the Report on Public Health in Novi Sad for 2018, the leading
causes of deaths are chronic non-infectious diseases (cardio vascular
and malignant diseases, respiratory and digestive system diseases,
diseases related to endocrine system, nutrition and metabolism) which
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make 86.2% of mortality. The most significant public health problem of
Novi Sad is chronic non-infectious diseases (Institute of Public Health of
Vojvodina, 2019b, p.8). According to the same report, almost half of the
morbidity rates outside of the Novi Sad health system are due to
diseases related to the cardiovascular system, the respiratory system,
skin, muscles, bones and the digestive system. The leading causes of
diseases among children in Novi Sad are diseases related to the
respiratory system (Institute of Public Health of Vojvodina, 2019b, p.8).

The total registered morbidity in primary care in Novi Sad during
2018 was 368,023 cases, with the leading diseases related to the
cardiovascular system (15.2%) and the respiratory system (12.7%)
(Institute of Public Health of Vojvodina, 2019b, p.36). Occupational
medicine provides primary health care for working population. This
service registered 122,764 cases of morbidity. The leading causes of
diseases were diseases related to the respiratory system (16.9%) and
the cardiovascular system (10.4%) (Institute of Public Health of
Vojvodina, 2019b, p.37). The pre-school health services registered
105,630 cases of diseases. The majority of those were diseases related
to the respiratory system (49%) and the upper tract (17.1%) (Institute of
Public Health of Vojvodina, 2019b, p.38). The total registered morbidity in
school health services was 81,337 cases. The leading causes were
diseases related to the respiratory system (40.8%) (Institute of Public
Health of Vojvodina, 2019b, p.39). The leading death causes of
hospitalized patients in Novi Sad in 2018 were diseases related to the
cardiovascular system with 30.4% in the total number of deaths.
Tumours were in the second place (19.3%) while diseases related to the
respiratory system were in the third place (17.2%) (Institute of Public
Health of Vojvodina, 2019b, p.42).

The pollution caused by traffic reduces the efficiency of the defence
mechanisms of the respiratory system and increases sensitivity to
respiratory infections. The presence of certain concentrations of nitrogen
oxides, carbon-monoxides and benzenes in the air lead to risks of cough,
bronchitis and asthma, especially with children. The most harmful to
health are emissions of suspended particles with a diameter smaller than
2.5 micrometres (PM,5). The medical geography forecast method is
helpful in concluding that these particles can go deep into the lungs
causing acute inflammatory processes. Long-term exposure to these
particles is related to various chronic diseases in adults, including
coronary artery disease, lung cancer and cerebrovascular diseases, as
well as children respiratory diseases (Obradovi¢-Arsi¢, 2014).
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According to the “ldentification of Environmental Risk Factors
Important for the Prevention of Chronic Obstructive Pulmonary Disease
among the Population of the City of Novi Sad” study conducted by the
Institute of Public Health of Vojvodina, during the summer period women
are more sensitive to pollutant exposure. Likewise, it is established that
beside heavy metals, spores of rust fungi and pollen as immunogenic
substances are often found in PM,q particles. It is well known that these
particles worsen asthma symptoms. Due to these facts, it is clear that
summer periods present risks for potential interactions of air pollutants
with allergens. These results could be explained by the fact that children
are longer and more frequently outside than the adults, as well as by
mutual influence of weather factors and PM10 particles, especially in the
mentioned period (if relative humidity is lower, the concentration of PMq
particles is higher). According to the same study, epidemiologic research
indicates a strong relation between PM;, and PM,s particles and
respiratory morbidity and mortality (Institute of Public Health of
Vojvodina, 2019a, p.12).

Protection measures

Numerous health effects present in the subject territory certainly
indicate the current state of air quality. Air pollution reduction and the
limitation of pollutant emissions should be of greater importance in the
future, as well as the promotion of alternative sources of energy, clean
industry, the principle of “pollutant paying”, traffic reduction, bicycle use,
etc.

Services in charge of monitoring the air quality in the territory of the
city of Novi Sad are obliged to continually monitor air quality and send
data to the competent institution. This institution combines and unites
data from different areas of Serbia and its name is the Serbian
Environmental Protection Agency (SEPA).

The network of automated monitoring of the air quality in Vojvodina
province is presented in Figure 7 with the cartographic method. It shows
that there are three measuring stations in the territory of Novi Sad — two
are established by SEPA and one by the Provincial Secretariat for Urban
Planning and Environmental Protection (PSUPEP). These three
automated measuring stations continually monitor pollutants along with
the basic weather parameters and send hourly average measured
concentrations using ADSL/GPRS in real time, for further processing in
the central data processing systems.

By the EU Exchange of Information Decisions (Eol), air quality data
are defined together with the process of informing the public as well as
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the exchange of data with other member states (Larssen et al, 1999,
p.4). In accordance with the Eol classification, these three measuring
stations are located in:
¢ Novi Sad — Rumenacka; this station measures the influence of
traffic in an urban area with residential/commercial characteristics
and SEPA is in charge of it;
e Novi Sad — Liman; this static station is in an urban area with
potential agglomeration, with SEPA being in charge of it; and
o Novi Sad — Sangaj; this static station in a suburban area with
residential characteristics measures the influence of specific
industrial pollution, with PSUPEP being in charge of it (PSUPEP.
More information at http://www.ekourbapv.vojvodina.gov.rs).

The analysis-synthesis method shows (Figure 7) that the
agglomeration of Novi Sad is covered with only three permanent air
quality measuring stations. For a city of the size of Novi Sad with the
population of over 350,000, it can be said these are good locations, but
still inadequate for a real situation regarding the air quality in Novi Sad.

According to the ‘“ldentification of environmental risk factors
important for the prevention of chronic obstructive pulmonary disease
among the population of the City of Novi Sad” study, conducted by the
Institute of Public Health of Vojvodina, air quality measuring is significant
in the efforts for preventing obstructive pulmonary disease, as the air
quality is one of the factors for the mentioned disease. Every air quality
assessment related to population diseases, e.g. assessment of the
environmental factors influencing population health, is very important for
the policy of improving the protection of population health and managing
air quality. According to the same study, the following is necessary:

¢ Institutional networking and stronger capacity for air quality
monitoring with a view to assessing population exposure;

o Assessing the influence of air quality on public health using
models with a wider spectrum of air pollutants and environmental
factors, during a multi-year period;

o Improving the information system (health statistics and
environmental data networking);

Informing the public using the Air Quality Index; and

e Increasing the level of ecological awareness and education

through establishing special programs.
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THE NETWORK OF AUTOMATED AIR MONITORING
ZONEAGLOMERATION BY THE TYPE STATION/OPERATOR (VOJVODINA PROVINCE)
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Figure 7 — Network of automated air monitoring in Vojvodina province; by the type of the
station and its operator (Pokrajinski sekretarijat za urbanizam i zastitu Zivotne sredine,
2020), adjusted
Puc. 7 — Cemb asmomMamu4ecKko2o MOHUMopuUHaa ammocghepHo2o 803dyxa 6 AllB; no
muny cmaHyuu u ornepamopy (Pokrajinski sekretarijat za urbanizam i zastitu Zivotne
sredine, 2020), abanmuposaHo
Crniuka 7 — Mpexa aymomamckoe MOHUMopUHaa ambujeHmarHoe easdyxa y AllB, no
muny cmaHuye u ornepamepy (Pokrajinski sekretarijat za urbanizam i zastitu Zivotne
sredine, 2020), npunazoheHo

If the Air Quality Index shows unhealthy air, it is necessary to adhere
to proper warnings and recommendations. Special attention and
limitations for outdoor activities should be directed to specific population
categories, such as children and the elderly.

According to the Report on Air Quality State for 2018, weather
parameters affect the maximum pollen concentration in the air, notably
air temperature, humidity, and precipitation. Besides weather conditions,
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proper and timely trimming of grass and weeds has a positive effect in
reducing pollen concentrations in the air. It is necessary to increase
controlled extermination of aggressive weeds such as common ragweed
(Ambrosia artemisiifolia) as a reliable measure in reducing the
concentration of this strongest allergen in the air (Environmental
Protection Agency of the Ministry of Environmental Protection of the
Republic of Serbia, 2019b).

Conclusion

In order to fulfil the WHQO's aim — health for everyone, the progress
should not be focused only on reducing cases of diseases related to air
quality, but it is necessary to prevent them and define measures for the
prevention of air pollution in the whole territory as well.

It is important to emphasize differences in individual immune
systems as well as in the quantity and types of harmful agents. People
also differ in body response to an infectious dose, depending on their
predispositions (age, general state of health, and other factors). It is
necessary to properly manage health risks through defining the
prevention measures and the measures for population protection. In case
of negative effects and emerging diseases related to air pollution, it is
necessary to adopt the measures for suppressing diseases in the
territory in question (Kri¢kovi¢ et al, 2019, pp.61-76).

According to the WHO, a public health care system, aiming at
reducing the risk of emerging diseases and promoting good relations in
the community, needs to monitor many social and environmental factors
(World Health Organisation, 2020). The DPSEEA model has a wide use
in all segments of environmental and medical geography. Therefore, it is
possible to use this model for the identification of potential hazardous
risks in the environment alongside with health side effects in order to
protect public health and avoid negative effects.

In this article, the cause-effect relationship between polluted air and
public health is presented through driving forces, pressures on the
environment, state of the air quality, population exposure to pollution, the
effects of pollution to public and individual health, as well as actions
which should be applied in order to reduce air pollution and increase the
health of Novi Sad's population.

Identifying industry as one of the driving forces and pressures
affecting the environment is only the first step in order to assess air
quality. The absence of statistical data for the usage of fossil fuels in
traffic as well as for the number of miles per inhabitant is compensated
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by measuring pollutants from traffic, so the average particle
concentrations per year are mentioned, as well as the number of days
with exceeded concentrations of pollutants such as particles. Diseases
morbidity and mortality among Novi Sad's population related to air
pollution are also shown. Finally, preventive and protection measures are
presented as actions which should be adopted in order to improve the
health of Novi Sad's population.

In accordance with the Health Environment Indicators in the
Republic of Serbia in 2015 report, the DPSEEA model starts from the
basics because it is primarily focused on population health and the
environment, as the driving forces are a product of pressures themselves
(mechanism of harmful effects). This model is beneficial since it
comprises a wide spectrum of potential forces (harmful effects) and the
ensuing public actions, bringing together professionals, field workers,
laboratory work force as well as managers in the field of environment
managing and public health in order to deal with emerging problems in a
comprehensive manner.
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MPUNYUHHO-CIIEACTBEHHAA CBA3b MEXOY COCTOAHWMEM
KAHECTBA BO3OYXA B HOBWU-CAOE W 300OPOBbLEM
HACEJIEHNA C MCMNOJIbBOBAHMEM MOJEJIV DPSEE

OmuHa C. Kpunukosuny

Benrpagckun yHnsepcuteT, reorpaumyeckmin pakynbTeT,
r. benrpag, Pecnybnuka Cepbus

PYBPUKA TPHTW: 39.00.00 TEOIPA®UA:
39.25.00 MeguumHckas reorpacdus;
39.25.15 YcnoBus cpeabl U 300p0OBbe HacerneHus,
39.25.19 lNeorpacpus 6onesHew n nx Bo3dygutenen,
39.25.23 Mepguko-reorpacuyeckas xapakrepmctuka
OTAENbHbIX TEPPUTOPUIA, 30paBOOXPaHEHME B
OTAENbHbIX CTpaHax
BWO CTATbW: opurmHansHas Hay4Has ctaTbs

Peswome:

BeedeHue/uenb: Uccnedosamernbckol npobremol OaHHOU cmambu
sensemcsi 30o0posbe HacesieHuss e2opoda Hoeu-Cad. [Mpedmemom
uccriedosaHus 18/11emcs cocmosiHue KadYecmea 8o30yxa. B cmambe
rnpedcmaesieHa 83aUMOCB53b MEX0Yy 9amuMu cesMeHmamu C
nomowbtomooenu DPSEEA. Llenb OaHHOU cmambU 3aK/irodaemcs 8
rpusrieyeHUU BHUMAaHUsI KHeobxodumMocmu coxpaHeHuUsi 300po8bsi
HaceneHusi Hoeu-Cada. CouuanbHasi uenb uccriedosaHusi OO/mKHa
obecneyums npedocmasreHue HacesneHuo Hoeu-Cada Hay4HbIX
0aHHbIXO 8M1USHUU Kadecmea 8030yxa, a Ha OCHO8aHUU 3amux OaHHbIX
0osmKkHblI 6bImb PednpuHsIMbl Hadnexawue Mepbl Onsi CMs24YeHUSs
HezamugHo20 e8030elicmgeusi Ha 30oposbe HacesieHus.. OcHosHas
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auromesa Hacmosiuwe20 uccnedosaHusi ommarskueaemcsi om ¢hakma,
umo Kadecmeo go30yxa enusiem Ha 300p08be HacesieHusi 8 2opode
Hosu-Cad.

Memodbi: B cmambe npumeHsinucs  criedyrouue  mMemoobl:
modersnuposaHue, aHasu3-cuHme3s, cmamucmudeckuld mMmemod, Memood
Knaccughukayuu, Mmemod KOMOUHUPOB8aHUSs, 2e02pagho-9Ko1oau4ecKul
memo0d, memod eeocpagho-mMedUUUHCKO20 OnucaHusi, Memoo mMeOuKo-
2eozpaghuyecKoz0 Npo2Ho3a, a makxe kapmoepaguyeckuli Memod.

Pesynbsmamebi:  Ucnonb3yss modens DPSEEA Ha  npumepe
3aeps3HeHuUsi eo30yxa 8 eopode Hoeu-Cad, O6biiu  8bIsI8IEHbI
cnedyouwue ¢hakmopbl: 08UXyuue Cufbl 3a2ps3HEHUsT 8030yxa,
dasnieHue U cocmosiHUe Kadecmea 8030yxa, [M008ePKEHHOCMb
HacesieHus1 3aepsi3HeHUro 8030yxa, erusiHUe Ha 300poebe Yerioeeka, a
makxe Mepbl u delicmeusi, komopbie crnedyem npednpuHams. C
nomMowbro eblweyrnoMsiHymout moderniu makxe bbina npedcmaesneHa
83aUMOC8s3b MEXOY IMUMU CeeMeHmamu.

Bbigod: [lpumeHeHue Hacmosiwel MoOenu ekKoYaem WUpoKUU
criekmp nomeHyuanbHO20 B8J/IUSIHUS (HezamueHo20 eo3delicmeusi) U,
Kak crniedcmeue, 8biHyxOeHHbIx delicmauli coobwecmea, 0bbeOUHSS
3Kcrepmos, rnosesbix U s1labopamopHbIX crieyuanucmos, a makxe
pykosodumernel (MeHedxepos) 8 obriacmu yripasrieHuUsi OKpyxarowjel
cpedoli u  obwecmeBeHHbIM  30pasoOXpaHeHUeM C  Uerslbio
8CECIMOPOHHEZ0 yCmMpaHEeHUsI B03HUKWUX rpobrem.

Knodesbie crnosa: ka4ecmeo 6030yxa, e2opod Hoeu-Cad, moderib
DPSEEA, uCmMOYHUKU 3a2psi3HEHUsl, 300p08bEe HACEIeHUSs, MEpbI
3auWumei.

Y3POYHO-MOCIEANYHA BE3A USMEBY CTAHA KBAITMTETA
BA3YXAY HOBOM CALlY N 3[PAB/bA CTAHOBHULLTBA
NPUMEHOM MOJENA DPSEEA

Emuna C. Kpuukosuh

YHuBepautet y beorpagy, Neorpadckn akynTer,
Beorpag, Penybnuka Cpbuja

OBJACT: reoHayke, 3allT1Ta X1UBOTHE cpeauHe
BPCTA UJTAHKA: opurnHanHun Hay4yHu paj

Caxemak:

Yeod/uurb: [NpedMem ucmpaxueara 0602 pada jecme cmare
Keanumema ga3dyxa y epady Hoeom Caldy u ke2o8 ymuuyaj Ha 30pasrbe
cmaHosHuwmea. Y pady je npedcmaerbeHa ee3a u3meRy o8ux
ceameHama rnpumeHoMm modena DPSEEA.OcHOBHU Uurb ucmpaxusar-a
jecme Oa ce Ha OCHOBY Hay4YHUX casHarba y 6e3u ca ymuuajem
keanumema e8a30yxa Ha 30pas/be cmaHosHuwmea Hoeoe Cada,
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npedysmy odpeheHe mepe padu omknamara Hez2amueHux rocreduua
ro 30passrbe. OcHogHa xurome3sa ucmpaxugarsa rnosasu 00 HYuHeHUUe
Oa keanumem ea3dyxa ymude Ha 30paes/be cmaHosHuUwWmea Hoeoe
Cada.

Memode: Y ucmpaxueary cy KopuwheHe cnedehe memode
ucmpaxuearba: Memod moodesnogarka, Memod aHanu3a-cuHmesa,
cmamucmuyku mMemod, mMemod Knacughukayuje, KoMbuHo8aHU Memaod,
2eozpagbcko-eKkoowKku  memod, Memod MedUUUHCKO-2eozspaghcKoe
onucusawa, Memod MmedUUUHCKOo-eeospaghcke rMpoeHo3e, Kao U
Kapmozepacghbcku memoo.

Pesynmamu: [lNpumeHom modena DPSEEA Ha npumepy 3azaherba
gas0yxa Ha mepumopuju Hoeoz Cada udeHmucghukogaHu cy riokpemaydu
3azahersa 8a3dyxa, Mpumucyu U Ccmare Ksarumema 8a3dyxa,
usnioxxeHocm rionynayuje 3azahery, 30pascmeeHu eghekmu, Kao u mepe
3awmume U aKkuuje Koje 6u mpebano criposecmu. Takohe, npumMeHom
HasedeHoz MoOena npedcmasrbeHa je eesa u3Mehy HasedeHux
ceameHama.

Sakrbyyak: [lNpumeHa o060z Mmodena obyxeama WUPOKU Criekmap
rnomeHyujanHux cuna (wmemHux Ogjcmaea) u akyuja 3ajedHuue Koje u3
HUX rfipousunase, 0osodehu y ee3y npoghecuoHarnHe kadpose, sbyde ca
mepeHa u u3 nabopamopuja, kao u pykoeoduoue (MeHayepe) u3
obrniacmu yrpaerbarba XUBOMHOM cpeOUHOM U jagHoe 30paesba, ca
yurbem Oa ce Ha ceeobyxeamHuju Ha4yuH base pewasaH-eM HagedeHUX
npobema.

KrbyuHe pedu: keanumem ga3dyxa, epad Hoeu Cad, moden DPSEEA,

usgopu 3azaherba, 30passbe cmaHogHUWIMea, Mepe 3auwmume.

Paperreceivedon/[Jata nony4enus pabotel/ Jatymnpujemaynanka: 08.11.2020.
Manuscriptcorrectionssubmittedon / [lata nony4eHus ucnpaenexHon Bepcun paboTsl/
HatympocTaersamavcnpaskupykonuca: 23.12.2020.

Paperacceptedfor publishingon / lata okoH4aTensHOro cornacosaHus paboTbi/
[aTtymkoHavyHornpmxeatakwaynaHkasaobjasreuBane: 25.12.2020.

© 2021 The Author. Published by Vojnotehnicki glasnik / Military Technical Courier
(www.vtg.mod.gov.rs, BTr.mMo.ynp.cp6). This article is an open access article distributed under the
terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/rs/).

© 2021ABTOp. OnybnukoBaHoB «BoeHHo-TexHUYeckuiiBecTHKK / Vojnotehnickiglasnik /
MilitaryTechnical Courier» (www.vtg.mod.gov.rs, BTr.mo.ynp.cp6). [JaHHas cTaTbs B OTKPbITOM
[OCTyne 1 pacrnpocTpaHsaeTcs B COOTBETCTBUM C nuueH3nen «CreativeCommons»
(http://creativecommons.org/licenses/by/3.0/rs/).

© 2021 Aytop. O6jaBuo BojHoTexHuukn rnacHuk / Vojnotehnickiglasnik / MilitaryTechnicalCourier
(www.vtg.mod.gov.rs, BTr.Mo.ynp.cp6). OBO je YnaHak OTBOpPEHOr NpucTyna u AUCTpubympa ce y
cknapy ca CreativeCommons nuueHuom (http://creativecommons.org/licenses/by/3.0/rs/).

113

Kri¢kovi¢, E., Cause-effect relationship between air quality and public health in the city of Novi Sad based on the DPSEEA model,pp.88-113



’E‘ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2021, Vol. 69, Issue 1

HIGH-YIELDING AND CHEMICALLY
ENRICHED MAIZE HYBRIDS BRED IN
SERBIA - THE BEST BASIS FOR SUPER
QUALITY FEED AND FOOD

Cedomir N. Radenovi¢?, Nenad S. Deli¢,

Milica M. Radosavljevi¢®, Zivota V. Jovanovié®,

Mile D. Seéanski®, Aleksandar S. Popovic’:f,

Milo§ S. Crevar?, Nebojsa D. Radosavljevié"

@Maize Research Institute ,Zemun Polje”, Belgrade, Republic of Serbia;
University of Belgrade, Faculty of Physical Chemistry,
Belgrade, Republic of Serbia,

e-mail: radenovic@sbb.rs, corresponding author,
ORCID iD: =https://orcid.org/0000-0002-4997-7635

® Maize Research Institute LZemun Polje“, Belgrade, Republic of Serbia,
e-mail: ndelic@mrizp.rs,
ORCID iD: “@https://orcid.org/0000-0003-4020-0114

¢ Maize Research Institute ,Zemun Polje*, Belgrade, Republic of Serbia,
e-mail: rmilica@mrizp.rs,
ORCID iD: “@https://orcid.org/0000-0002-1026-4582

9 Maize Research Institute ,Zemun Polje*, Belgrade, Republic of Serbia,
e-mail: zjovanovic@mrizp.rs,
ORCID iD: “@https://orcid.org/0000-0002-4492-8797

¢ Maize Research Institute ,Zemun Polje”, Belgrade, Republic of Serbia,
e-mail: msecanski@mrizp.rs,
ORCID iD: “https://orcid.org/0000-0003-2070-4366

" Maize Research Institute ,Zemun Polje*, Belgrade, Republic of Serbia,
e-mail: dobropoljac@yahoo.com,
ORCID iD: “https://orcid.org/0000-0002-4569-6799

9 Maize Research Institute ,Zemun Polje*, Belgrade, Republic of Serbia,
e-mail: mcrevar@mrizp.rs,
ORCID iD: “https://orcid.org/0000-0002-8828-4946

" Maize Research Institute ~Zemun Polje“, Belgrade, Republic of Serbia,
e-mail: 1965neboj@gmail.com,
ORCID iD: =https://orcid.org/0000-0002-4131-3148

DOI: 10.5937/vojtehg69-29512; https://doi.org/10.5937/vojtehg69-29512

FIELD: Physical chemistry, Biophysics, Genetics, Biochemistry and
Technologies for processing plant raw materials
ARTICLE TYPE: Original scientific paper

ACKNOWLEDGMENT: These studies have been financially supported mainly by the
Maize Research Institute ,Zemun Polje”, Belgrade, and partly by the Ministry of
Education, Science and Technological Development of the Republic of Serbia (Projects
03E211, 03E22, TR-20014, reference numbers 31028 and 31037).

114




Abstract:

Introduction/purpose: This paper presents the results of several different
research studies. The inbred lines ZPPL 146 and ZPPL 159 and the
maize hybrids ZP 633, ZP 735, and ZP 737 are primarily intended for
human and livestock nutrition. Their selection took about four decades.

Methods: Spectral bands were registered using the method of resonant
Raman spectroscopy of the leaves of inbred maize lines. These spectral
bands indicate the conformational characteristics of not only carotenoid
molecules but also other compounds (phosphate, gluten, and amide Ill) in
the leaf.

Results: A systematic examination of the inbred lines ZPPL 146 and ZPPL
159 and their maize hybrids ZP 633, ZP 735, and ZP 737 was performed
in this paper. It was stated that the new inbred lines of corn, i.e. ZPPL 146
and ZPPL 159, are rich in carotenoids and yellow pigments. These lines
also have significant quantities of other valuable bioactive compounds and
good physical characteristics. The lines have an upright position of the top
leaves and belong to the group of maize lines with significant
characteristics of the photosynthetic model. They are resistant to high
temperatures and are drought tolerant.

Conclusion: This paper presents the relevant properties, characteristics
and parameters of the new studied inbred maize lines that can be used in
selection processes in the future. High-yielding and high-quality maize
hybrids, i.e. ZP 633, ZP 735, and ZP 737, have been created from the
mentioned inbred maize lines. They are recognizable by their qualities.
The hybrid ZP633 is especially noteworthy for human consumption
(children and the elderly). Further, from the agronomic-veterinary point of
view, it is confirmed that the hybrids ZP 735 and ZP 737 are the most
suitable for livestock feeding with the programmed use of corn silage. The
relevant agronomic, morphological and nutritional properties of the maize
hybrids ZP 633, ZP 735, and ZP 737 are also presented in this paper. The
results regarding the grain structure and yield height for grain and silage
for the hybrids ZP 677 and ZP 684, produced in Serbia and the countries
of Southeastern Europe, are also given.

Key words: Delayed chlorophyll fluorescence, Raman spectroscopy of
leaves, photosynthetic model, Zea mays L, inbred lines, hybrids,
thylakoid membrane, pigment properties, nutritive values, good quality
food and feed.

Introduction

The period from 1978 to the present day (2020) has become
historically significant because a tremendous success in maize breeding
and high quality hybrid seed production was achieved. Because of such
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activities, over 1500 grain and silage hybrids have been derived (Duvick,
1984), (Sprague, 1984), (Trifunovi¢, 1986), (Dumanovi¢, 1986),
(Hallauer, 1988) and (Ivanovic¢ et al, 1995).

Modern technical and technological prerequisites were provided for
carrying out the process of breeding, efficient production of hybrid maize
seeds and significant amounts of seeds of commercial and silage hybrids
(Koji¢ & Ivanovic, 1986), (Petrovic et al, 1992), (Peji¢, 1994), (Jovanovic,
1996, 1998), (Bekri¢, 1997, 1999), (Dumanovi¢ & Paji¢, 1998),
(Jovanovi¢ et al, 2000), (Radenovi¢ & Somborac, 2000), (Antov et al,
2004), (Dini¢ & Bordevi¢, 2005).

In the context of the stated dynamics of the development,
interdependent studies of many scientific disciplines (physiology,
biochemistry, biophysics, biotechnology, breeding, photosynthesis,
Raman spectroscopy, infrared spectra of grain, processing technology of
cereals, silage production practices, silage utilisation and food science)
have been linked with the aim of modernising and efficient
implementation of contemporary programmes on maize breeding and
seed production (Radenovi¢, 1994), (Paji¢ et al, 1995), (Radenovi¢ et al,
2004, 2008, 2009), (Radenovi¢ & Somborac, 2000), (Konstantinov et al,
2010). In addition to the outstanding results achieved in the selection of
standard grain and maize silage hybrids, there was a pressing need to
develop new inbred lines and better quality maize hybrids with an
improved chemical composition of the grain, especially in essential
bioactive compounds. Moreover, the intensive work has been carried on
the improvement and development of new methods for the preservation
of plants, especially maize hybrid plants in the form of silage of the whole
plant and grain. Silage is biologically fermented or chemically preserved
feed of a plant origin. Silage maize growing practices differ, to a certain
extent, from the practices used in the commercial maize cultivation.
Namely, it is very important to produce the maximum quantity of silage
per area unit and it is necessary that the produced silage be of high
quality. Therefore, in order to succeed in this, it is necessary to select a
plot with good soil properties, use high quality seed, apply the necessary
amount of mineral fertilisers, perform proper and timely sowing and apply
tested herbicides that have no residual effects and toxic effects on silage
mass. All this has to provide silage that contains approximately 50%
grain, as it is a prime quality part. Furthermore, it is important that the
crop be disease free, so that there are no adverse effects in feeding
ruminants and no negative effects on their health, quality of meat and
milk, and dairy products. Nowadays, silage is the basis of cost-effective
and contemporary animal husbandry and the closest substitute for green
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forage (Bekri¢, 1997, 1999), (Dumanovi¢ & Paji¢, 1998), (Peji¢, 1994),
(Jovanovi¢, 1996, 1998), (Jovanovi¢ et al, 2000), (Antov et al, 2004),
(Dini¢ & Bordevi¢, 2005), (Liu, 2007), (Strati et al, 2012), (Radenovi¢,
2002, 2013), (Bacchetti et al, 2013), (Buxton & Russel, 1988), (Bordevic¢
& Dini¢, 2003), (Grubi¢ et al, 1995), (Kurlich & Juvik, 1999), (Lazarevi¢
et al, 1999), (Luo & Wang, 2012), (Maksimovic et al, 1971, 1997).

To meet many demands, justifiable and increased needs for
functional and quality nutrition of people (mainly children and the elderly)
and livestock (primarily cows and sheep), it was necessary to select new
maize inbred lines with significantly richer pigment-complex properties
and the exceptional nutritional value. This aim was achieved with the
increased content of carotenoids and other bioactive compounds. With
such inbred lines, it was possible to develop high-quality maize hybrids
which would meet requirements of medicine, veterinary medicine and
agronomy and be necessary for healthy food and feed, which was the
objective of the present study.

Materials and methods

Plant material — The genetic and breeding studies of the new maize
inbred lines have been performed for over 40 years. These inbreds,
future parental forms, primarily ZPPL 146 and ZPPL 159, have
increased chemical compositions, whereas the hybrids of high yields and
extra quality derived from these inbreds are used as follows: ZP 633 -
standard in nutrition of children, the elderly and athletes; products: flour,
semolina; ZP 737 - standard in nutrition of fattening chickens up to 1.5-
3kg and laying hens; products: ground maize, coarse meal, flour and
grain silage; and ZP 735 - standards in nutrition of calves, fattening
heifers, dairy cows, sheep, goats and pigs; products: coarse meal,
ground maize, grain silage, ear silage and the whole plant silage. In
recent times, the hybrids ZP 677 and ZP 684 have also been used for
silage. Figure 1 shows the actual appearance of the elite maize inbred
lines with erect top leaves, i.e. ZPPL 146, ZPPL 159, and high-quality
maize hybrids ZP 633, ZP 735, and 737 with their erect top leaves.

The observed maize inbred lines and hybrids have the increased
content of carotenoids and other bioactive compounds. They have been
developed and owned by the Maize Research Institute, Zemun Polje,
Belgrade, Serbia.
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Figure 1 — Actual appearance of the elite maize inbred lines with erect top leaves ZPPL
146 (A) and ZPPL 159 (B) and the high-quality maize hybrids ZP 633 (C), ZP 735 (D) and
ZP 737 (E) with their erect top leaves.

Puc. 1 — BHewHul 8ud 3numHbix UHOPeOHbIX TUHUU KYKYpY3bl C MPSMOCMOSYUMU
gepxHumu nucmpsamu ZPPL 146 (A), ZPPL 159 (B) u ux 8biCOKOKa4eCmeeHHbIX
aubpudos, ZP 633 (C), ZP 735 (D) u ZP 737 (E) ¢ npamMocmosyumMu 8epxHUmMu
nucmbsimMu
Cnuka 1 — CmeapHu u3aned enumHux UHbped-iuHuUja KyKypy3a ca ycrpasHum
ronoxajem epwHux sucmoea: ZPPL 146 (A) u ZPPL 159 (B) u kuxosux 8ucoko-
KkeanumemHux xubpuda kykypysa: ZP 633 (C), ZP 735 (D) u ZP 737 (E) ca ycripagHum
ronoxajem epuwHUX ucmosa

Methods — Overall studies of the stated new inbred lines and
hybrids with erect top leaves developed from these inbreds
encompassed several series of experiments in which new and standard
methods and procedures were applied.

1. Chemical compositions of the new inbred lines and high-quality
maize hybrids

The methods applied to determine the grain chemical composition of
the maize inbred lines and hybrids are generally accepted and
standardised and already described in detail in previous papers
(Radosavljevi¢ et al, 2000), (Bekri¢, 1997), (White & Jonson, 2003),
(AACC, 2013), (Strati et al, 2012), (Radenovi¢ et al, 2010).

2. Resonance Raman spectroscopy method applied to the maize
inbred lines

The measurements of resonance Raman spectroscopy of the maize
inbred line leaves were done in accordance with the procedure and the
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method was described in our previously published papers (Radenovi¢ et
al, 1994, 1998).

3. The measurement of the angle and the leaf area of the maize
inbred lines

This series of experiments was related to studying the erect position
of top leaves in the maize inbred lines. A specially designed protractor
was used to measure the angle between the position of the above-ear
leaf and the position of the plant stalk on the maize inbred lines. The leaf
area was measured by the LI-3000 Portable Leaf Area Meter (LI-COR
Biosciences, USA). The measurements of the angle between the above-
ear leaf and the stalk and the leaf areas were carried out on 122 plants
for each maize inbred line during the three-year period. These
methodical procedures were described in the previously published
papers (Radenovic et al, 2009, 2010).

4. Photosynthetic fluorescence measurements

This series of the experiments was related to photosynthetic-
fluorescence studies, including thermal processes of delayed chlorophyll
fluorescence, critical temperatures (phase transitions), and activation
energies. The test maize inbreds were grown in the experimental field of
the Maize Research Institute, Zemun Polje. The plants were brought from
the experimental field to the laboratory between 7 a.m. and 8 a.m. These
plants sampled in the field were transversally cut in the ground internode.
In the laboratory, the plants were placed in water along the length of one
internode. Prior to the fluorescence experiment, all plants were kept
under the black ball glass for two hours. A segment of intact above ear
leaves was taken from such plants and placed into a chamber of the
phosphoroscope. The intact leaf segments were kept in the chamber (in
the dark) for at least 15 minutes, and then the thermal processes of
delayed chlorophyll fluorescence were measured. These tests were
performed on 111 plants of each maize inbred line. An improved,
noninvasive photosynthetic-fluorescence method was applied for these
measurements. This method was developed at the Maize Research
Institute and was described in the previously published papers
(Radenovic et al, 2002, 2004, 2007, 2008, 2010, 2013).

5. Survey of the breeding and seed production properties of the new
maize inbred lines

Since these maize inbred lines with efficient photosynthesis, rich in
pigments and with exceptional nutritive qualities are promising, a broad
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survey of their relevant breeding and seed production properties, traits
and parameters obtained by standard methods of ranking (Radenovi¢ et
al, 2007, 2008, 2009, 2013) are presented in this article.

6. Functional dependence of the yield of the studied maize grain and
silage hybrids

Numerous and long-term studies on the yields (t ha-1) of the three
high-yielding and high-quality grain and maize silage hybrids (ZP 633, ZP
735, ZP 737) were performed in many locations in Serbia and other
countries of Southeastern Europe. Standard methods for maize
production, tinning and processing were applied in these studies (Peji¢,
1994), (Bekri¢, 1997, 1999), (Jovanovi¢, 1996, 1998), (Jovanovi¢ et al,
2000), (Antov et al, 2004), (Bordevi¢ & Dini¢, 2003), (Dini¢ & Dordevic,
2005), (Videnovic¢ et al, 2011), (Radenovi¢, 2013).

7. Medical, veterinary, agronomic, and nutrition estimation of the
need for human and animal nutrition with products based on maize
hybrids bred for a specific purpose

7.1. Human nutrition with products based on maize hybrids enriched
with pigments and other nutrition ingredients

Empirical efforts to acquire knowledge about the need for maize diet
in human nutrition were initiated a long time ago, perhaps 300-400 years
ago. Much later, in the 1950s, the scientific literature related to this topic
emerged, primarily in medical institutions. However, the authors of this
study became interested in this topic in the early 1990s (Radenovic,
1991).

7.2. Animal nutrition with products based on maize hybrids bred for
silage

It is believed that 1150 years have passed since the first procedures
of preserving green crops (Goffart, 1877) and (Fry, 1885). Modern and
improved technology of preserving crops by ensiling flourished as late as
the early second half of the 20" century (1955-1965) (Cross & Jenny,
1976), (Bekri¢, 1997, 1999), (Peji¢, 1994), (Jovanovi¢, 1998), (Jovanovi¢
et al, 2000), (Bordevi¢ & Dini¢, 2003), (Dini¢ & Dordevi¢, 2005). Modern,
intensive and cost-effective production in cattle husbandry can no longer
be imagined without silage. Furthermore, the advantages of such feed
have been growing in goat and sheep breeding and to a lesser extent in
pig breeding (Peji¢, 1994), (Jovanovi¢, 1996, 1998), (Jovanovi¢ et al,
2000), (Pordevi¢ & Dini¢, 2003), (Dini¢ & Pordevi¢, 2005), (Radenovi¢,
2013). The authors of this paper became interested in this topic at the
beginning of the 21% century (in 2002). At that time, a great number of
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high-quality maize hybrids intended for production of high-quality silage
were developed with the aim to regulate metabolic processes in domestic
animals thus improving their growth and quality of meat and milk
(Radenovic, 2002).

Results and discussion

1. Chemical composition and physical traits of grain of maize inbred
lines and high-quality maize hybrids

The results of the studies of the chemical composition and physical
traits of the grains of the observed maize inbred lines and hybrids are
presented in Table 1. The obtained results relate to important chemical
and physical constituents.

Table 1 — Results obtained in the analyses of the chemical composition and physical
traits of the grain of maize inbred lines and hybrids (Zea mays L.) (three-year average,
trial field of the Maize Research Institute, Zemun Polje, Belgrade, Serbia)
Tabnuya 1 — Pe3ynbmambl aHanu3a XuMu4ecKo2o cocmasa U (hu3uy4ecKux
Xapakmepucmuk 3epHa 31UMmHbIX UH6peOHbIX UHUU u 2ubpudos KyKypy3bl (Zea mays
L.) (6 cpedHem 3a 3 200a, onbimHoe rone MIHcmumyma KyKypy3bl «3emyH [oney, 2.
benepad, Cepbus)

Tabena 1 — Pe3ynmamu rnpoce4yHo mpo2o0ullbux aHaau3a XxeMujckoe cacmasa u
uU3UYKUX Kapakmepucmuka 3pHa uHbped-nuHuja u xubpuda Kykypy3a (Zea mays L.)
(oenedHo norbe MHcmumyma 3a Kykypy3, 3emyH lNorwe, beozpad, Cpbuja)

IAverage data of the observed grain for storage in

Chemical composition Published data* silos of the elite maize (Zea mays L.) inbred lines
and physical traits land hybrids

of the maize (Zea mays ) N A Inbred lines Hybrids

0 ange  (\e189®  7pp 146 [ZPPL 159 [ZP 633 |ZP 735 [ZP 737
Moisture (%, wet basis®) [7-23 16.0 10.24 10.12 9.90 9.84 10.15
Starch (%) 61-78 71.7 67.80 66.26 68.23 64.39 67.86
Protein (%) 6-12 9.5 10.22 12.57 11.11 12.27 11.57
Fat (oil) (%) 1057 4.3 753 5.38 611 582 [7.16
Ash (%) 1.1-3.9 1.4 1.48 1.45 1.51 1.54 1.47
Cellulose (%) - 3.0 2.26 2.33 2.37 2.43 2.00
Pentosans (as xylose), % [5.8-6.6 6.2 - - - - -
Fibres, % 8.3-11.9 9.5 — - - — -

Cellulose + lignin, % 3.3-4.3 3.3 - - - - —

Sugars, total (as glucose),

% 1.0-3.0 2.6 - - - - -
Yellow pigment,

(ug BCE/g d.m.)** - - 19.00 18.10 27.30 21.90 21.60
Total carotenoids (mg/kg) [12-36 26.0 33.20 31.80 32.40 28.30 27.80

1000-kernel weight (g)  [217-438  |343.70 277.45 283.03 333.82 [295.81 [296.95
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}Average data of the observed grain for storage in
s

Chemicall composition Published data* ilos of the elite maize (Zea mays L.) inbred lines
and physical traits land hybrids
of the maize (Zea mays L.) Inbred lines Hybrids
grain Range IAverage

ZPPL 146 [ZPPL 159 |ZP 633 [ZP 735 [ZP 737
Test weight (kg/m®) 693-843  [791.00 829.84 844.96 809.03 [808.27 [817.07
Density (g/cm®) 1.21-1.38 [1.26 1.27 1.29 1.27 1.28 1.28
Flotation index (%) 0-68 27.10 10.56 10.68 25.12 13.36 [7.91
Grinding resistance (%) [7.0-25.8  [15.90 8.77 14.33 15.80 13.27 11.07

Hard endosperm fractions

(%) 54.3-71.3 569.20 11.00 10.67 9.67 11.33 9.67

Soft endosperm fractions

(%) 45.7-28,7 140.80 23.33 18.66 23.33 21.67 23.33

Water absorption index  [0.180-

0.284 0.245 0.245 0.237 0.215 0.237 0.227

* Source: P.J. White & L.A. Jonson (White & Jonson,, 2003).
**Done by the AACC Methods 14-50.01 (AACC, 2013).

2. Conformational changes in carotenoid molecules in the leaf of
mxe maize inbred lines

The Raman spectra are very suitable for studying photosynthetic
pigments in terms of conformational changes of carotenoid molecules.
The authors of the present study have been dealing with this topic for a
long period of time (Radenovic et al 1994, 1995, 1998).

However, this study will highlight some conformational changes in
molecules of carotenoids in the leaf of the observed maize inbred lines.
Thus, the following six characteristic resonance Raman spectral bands
were established within the 900 cm™-1800 cm™ interval of Raman
frequencies: 962, 1026, 1160, 1187, 1206, and 1520 cm™, Figure 2.
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Figure 2 — Resonance Raman spectrum of the leaf of the maize inbred lines ZPPL 146
and ZPPL 159
Puc. 2 — Pe3oHaHCHasi pamaHo8CKasi CrieKmpOoCKOMnus iucma UHbpedHou nuHuu
KyKypy3bl ZPPL 146 u ZPPL 159.
Cniuka 2 — Pe3oHaHmHu PamaHoe criekmap nucma uHbped-nuHuja ZPPL 146
uZPPL 159

Four spectral bands with lower intensities (lgzs, 11026, 11187, 11206) Were
caused by conformational changes of phosphates, glycogens, and
amides lll. The remaining two spectral bands with significantly higher
intensities (l1160, l1s20) have been regularly analysed in relation to the
conformational changes in the carotenoid molecule. It is common to
analyse the differences in the intensities of spectral bands (1520 and l11e0)
and even more often the differences in their ratio (lisz0/l1160). The
resonance Raman spectrum of the leaf of the observed inbred lines with
dominant spectral bands (l1s20 and ly1g0) is presented. This spectrum
conditions the carotenoid molecules placed in the non-polar phase of the
thylakoid membrane of the leaf of the inbred lines. In this paper, the effort
was made to emphasize the application of resonance Raman
spectroscopy in studying important vital functions of leaves of maize
inbred lines, especially under agroecological conditions atypical for the
maize growing region. Carotenoid molecules (3 caroten, CyoHsg, With the
activity of vitamin A, but also two xanthophylls: cryptoxanthin C,Hss0
and zeaxanthin C4oHs60,), since localised in the non-polar phase of the
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thylakoid membrane of maize inbred leaves, showed to be a very
suitable natural probe, capable of contributing to registering not only
higher and more significant, but also smaller and finer conformational
changes. These changes in the molecular structure of carotenoids may
be expressed in the form of bending, stretching, compressing, and
physical disruption of chemical bonds, which is caused by intensive
actions of environmental factors, unfavourable critical temperatures in the
first place. In the end, each conformational change in the carotenoid
molecule unconditionally changes the function not only of the carotenoid
molecule but also of the thylakoid membrane in leaves of maize inbred
lines. Conformational changes in chemical bonds — C = C — are reflected
in the spectral band at 1520cm™. In addition, conformational changes in
chemical bonds = C — C = are reflected in the spectral band at 1160cm’
(Karnauhov, 1988).

3. The measure of the angle and the area of the above-ear leaf of
maize inbred lines

The results of the measurements of the angles between the above-
ear leaf and the stalk are presented in Table 2 as well as the average
leaf areas. Based on the obtained angle measurement results, it can be
stated that the observed maize inbred lines belong to the group of
contemporary inbred lines with erect top leaves and the status of the
photosynthetic model.

Table 2 — Angle between the above-ear leaf and the stalk and the leaf area of maize
inbred lines with efficient photosynthesis
Tabnuya 2 — Yzon HakroHa nepgozo siucma Had rnovyamkoM U nog8epxHoCmu /Iucmbes
HOBbIX UH6PEeOHbIX JTUHUU KYKYpPYy3bl C 3¢hgheKmMU8HbIM ¢hOMOCUHME3OM
Tabena 2 — Benu4uHa yana npegoe nucma usHad Knumna u JIuCHe rnospuiuHe Ho8UX
UHbpeOd-nuHuja KyKypy3a ca ecpukacHOM ghomoCcUHMe30M

Angle of the | Leaf area of the

Maize FAO L . above-ear above-ear leaf
inbred maturity Ili-lneégrotlc origin of the inbred leaf, (°) ( sz)
line roup — —

9 X [0 X (o)
ZPPL BSSS, USA R
146 650-700 Zemun Polje 20.8 1.2 | 3762.7 | 238
ZPPL Landrace from Argentina
159 550-600 (S13) crossed to the in-bred | 21.3° | 1.2 | 2378.1 | 241

PE 25-10-1, Zemun Polje

"The observed maize inbred lines represent good heterotic pairs which have good
combining abilities for grain yield and silage as well as good propagation and high yield.
These inbreds are rich in pigments and have extraordinary nutritive qualities.
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4. Empirical procedure for photosynthetic and fluorescence
studies on the above-ear leaf of maize inbred lines bred for the
production of healthy food

The thermal processes of delayed chlorophyll fluorescence of the
observed maize inbred lines intentionally selected for developing maize
hybrids to be used in the production of various feed and food products
were studied in detail.

The thermal curve is a curve that shows the changes in the delayed
chlorophyll fluorescence level intensity depending on temperature. The
trend of its establishment is most often analogous to changes in the
duration in seconds for the segments designated with a, b, c, d, e, f, and
g, Figure 3, which was determined by the empirical procedure
(Radenovic et al, 2008, 2009, 2010).

Monitoring the course of the thermal curve and the analysis of the
duration of certain segments provided data on the existence of a greater
number of critical temperatures (phase transition temperatures) at which
greater or smaller structural and functional changes occurred in the
thylakoid membrane of the observed maize inbred lines.

In accordance with such information, it is possible to draw a
conclusion on their different responses to the phenomena of resistance,
drought and high temperature as well as on the phenomenon of their
adaptation.

5. The exact temperature dependence of the delayed chlorophyll
fluorescence intensity for the thylakoid membrane of new maize inbred
lines bred for the production of healthy food

The changes in the intensity of the stationary level of delayed
chlorophyll fluorescence (lpg) depending on temperature which ranges
from 25 °C to 60 °C were measured. The dynamics of the changes of the
temperature dependence for the observed maize inbred lines is
presented in Figures 4a and 4b.
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Figure 3 — Schematic presentation of the empirical procedure of typical changes of
delayed chlorophyll fluorescence intensities (Ipr) on the intact above-ear leaf of the
observed maize inbred lines with significant breeding properties (solid line) and changes
of temperatures (dashed line): the curve A indicates induction processes of delayed
chlorophyll fluorescence, while the curve B encompasses photosynthetic fluorescence
thermal processes of delayed chlorophyll fluorescence. Typical temporal segments (a, b,
¢, d, e, f, and g) on the thermal curve B correspond to the dynamics of Ipr changes at the
time of delayed chlorophyll fluorescence formation. Conformational and functional
changes in the thylakoid membrane of the observed maize inbred lines with erect top
leaves occur at the interception points of typical temporal segments.

Puc. 3 — Cxemamuyeckoe uzobpakeHue munuyHbIX USMeHeHUl UHmeHcugHocmu
3amedrieHHOU hryopecyeHyuU xmopoghusiiia Ha UHMaKmHbIX IUCMbSX HabrodaeMbix
UHBPeOHbIX NUHUU KyKypy3bl (CriiowHas IUHUS) U USMEHEHUSIMU meMiepamypb!
(nyHKmMupHasi uHUs1): Kpusasi A 0603Havyaem UHOYKUUOHHbIE MPoUecChl 3amMedieHHOU
¢nyopecueHyuu xrnopogurna, a kpusas B — mennosbie npoyeccol 3amedneHHoU
nyopecueHyuu xnopogurnna. TunuyHblie 8peMeHHble ceeameHmel (a, b, ¢, d, e, fu g) Ha
mennosol Kpusol B coomeemcmayrom OuHaMuke usmeHeHul Ipr 80 epems
obpa3sosaHusi 3amedneHHol hryopecueHyuu xmopogunna. KoHgpopmalyuoHHbIe U
pyHKUUOHarbHbIe U3MEHeHUs1 munakoudHol membpaHbl Habrodaembix UH6PeOHbIX
NUHUU KYKYpYy3bl C MPSAMOCMOSIYUMU 8EPXHUMU JTUCMbSMU NPOUCX005im 8 moykax
repeceyeHuUss MUNUYHbIX 8PEMEHHbIX Ce2MeHMOos.

Cnuka 3 — Cxemamcku rnpuka3 murnu4yHUX rnpoMeHa UHmeH3umema sakacHersie
ryopecueHyuje xnopoguna Ha UHMakmMHOM fiucmy rpoyvyasaHux uHbped-nuHuja
KyKypy3a (nmyHa nuHuja) u npomeHe memrepamype (ucripekudaHa fuHuja): kpusa A
o3Hayvasa UHOYKUUOHe ripoyece Oena Kpuse 3akacHere ¢hriyopocueHuyuje xiopogpuna, a
Kkpusa B obyxeama mepmariHe nipoyece Oefia Kpuse 3akacHerne gryopecyeHyuje
xnopogpuna. Tunu4dHu epeMeHcKu ceameHmu (a, b, ¢, d, e, f, u g) Ha mepmarnHoj kpusoj B
odzoeapajy OuHamuyu ripomeHa Ipr 3a speme chopmuparba 3akacHersie ryopocyeHuyuje
xnopogpuna. [Jo KOHGhopMayUOHUX U (byHKUUOHATHUX MPOMeHa y munakoudHoj
mMeMbpaHu rnpoy4yasaHux UHbped-nuHuUja KyKypy3a ca ycripagHuUM rosioxajem epuiHux
siucmosa donasu y madykama uHmepuenyuje munuqyHuUx 8peMeHCKUX ceameHama.
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Typ (rel. unlts)

Puc. 4 — UsameHeHue uHmeHcusHocmu 3amedneHHoU ¢hriyopecueHyuu xnopogpusina (Ipr)
menosbix Npoueccos8 8 3agucuMocmu om memrepamypbl 8 munakoudHoU MmembpaHe u
Xfiopornnacmax UHMakmHo20 epeoeo siucma Had HO8bIMU roYamkamu UHOPeOHbIX
NUHUU KyKypy3bl ZPPL 146 (a) u ZPPL 159 (6), o6pabomaHHbix 8030yWHOU CywKoU

[;5, relativne jedinice

75

Ipp. relative units

Figure 4 — Changes in the intensity of the delayed chlorophyll fluorescence (Ipg) of the
thermal processes depending on temperature in the thylakoid membrane and
chloroplasts of the intact above-ear leaf of the new air dried maize inbred lines ZPPL 146

Cnuka 4 — lNpomeHe uHmMeH3umema 3akacHese gnyopecueHyuje xnopoguna (Ipr)
mepmasiHux fpoueca y 3agucHocmu 00 memrepamype y munakoudHoj MembpaHu u
XJioporacmuma UHmMakmHoe rnpseoe fiucma usHad Kruna Hosux UHbped-nuHuja KyKypysa
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(a) and ZPPL 159 (b).

ZPPL 146 (a) u ZPPL 159 (b) mpemupaHux 8a30ywHUM CyueHem
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5.1. The Arrhenius plot for the determination of critical
temperatures and conformational changes in chloroplasts and thylakoid
membranes of the new maize inbred lines bred for the production of
healthy food

The Arrhenius plot is based on the linearisation of the delayed
chlorophyll fluorescence exact temperature dependence of the observed
maize inbreds. Critical temperatures (phase transition temperatures) at
which conformational changes occur in chloroplasts and the thylakoid
membrane are determined by the application of the Arrhenius plot.
Figures 5a and 5b present the results of the Arrhenius plot application to
the observed maize inbred lines.

Such dependence (Figures 5a and 5b) is known as the Arrhenius
plot for the determination of critical temperatures that cause
conformational and functional changes, of chemical nature, in
chloroplasts and the thylakoid membrane. Using the Arrhenius plot and
linearisation of the exact temperature dependence of DF chlorophyll, all
critical temperatures (phase transition temperatures) at which even the
smallest conformational change occurred in the thylakoid membrane of
the new air dried maize inbred lines were determined.

The values of critical temperatures in °C, their frequency and inter-
distance characterise the observed new inbred lines with erect top leaves
in relation to their tolerance, resistance and adaptability to increased and
high temperatures as well as to drought (Radenovi¢ et al, 2013). The
Arrhenius plot is based on the existence of straight lines. Each
Arrhenius's straight line represents activation energy (Ea). The intercept
of two straight lines is denoted by the critical temperature.

The results of Ea values in the ascending and descending parts of
the thermal curve are explained by the fact that with the temperature
increase, smaller or larger conformational and functional changes occur
in pigment molecules (chlorophyll, carotenoids) in the thylakoid
membrane and chloroplasts. Due to the changes, these molecules
became more reactive thus acquiring additional energy which was used
in the recombination process of DF chlorophyll formation (Radenovi¢ et
al, 2013).
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Figure 5 — The change of the logarithm of the delayed chlorophyll fluorescence intensity

(In Ipe) of the thermal processes as a function of the reciprocal temperature value in the

thylakoid

Puc. 5 -

membrane and chloroplasts of the intact above-ear leaf of the observed air
dried maize inbred lines ZPPL 146 (a) and ZPPL 159 (b).
U3smeHeHue noeapughma uHmeHcusHocmu 3amedrneHHoU ¢hriyopecueHyuu

xnopocgpunna (L, |5) mennossix npouyeccos 8 3agucumMocmu om o6pamHo20 3Ha4YeHUst
mewmriepamypbl 8 munakouoHoU MembpaHe U X/oporacmax UHMaKkmHo20 repeozo
nucma Had noYamkamu HabnodaeMbix UHOPEOHbIX TUHUU KyKypy3bl ZPPL 146 (a) u

ZPPL 159 (6), o6pabomaHHbIx 8030yWHOU cywKol

Cnuka 5 — [NpomeHe nozapumma UHMeH3UMema 3akacHesne ¢hriyopecueHuyuje
xnopocgpuna (L, I} mepmanHux npoueca y 3agucHocmu 00 peyunpoyHe apedHocmu
memnepamype y munakoudHoj MembpaHu U XsioporiacmumMa UHMakmHoe rpeoe nucma
u3Had Knuna rnpoy4asaHux uHbped-nuHuja Kykypysa ZPPL 146 (a) u ZPPL 159 (b) koje

cy mpemupare 8a30yuwHUM CyWeHem
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5.2. Activation energy and critical temperatures in the thylakoid
membrane of the observed maize inbred lines bred for the production of
healthy food

Detailed studies of the thermal processes of delayed chlorophyll
fluorescence, and especially the analysis of the experimental thermal
curve, encompassed not only the temperature dependence and the
Arrhenius plot, but also the estimation of the values of activation energies
(Ea) for the critical temperatures (phase transition temperatures) in
chloroplasts and the thylakoid membranes of the observed maize inbreds
bred for the production of healthy food, i.e. ZPPL 146 (a) and ZPPL 159
(b). The obtained results are shown in Table 3.

Table 3 — Changes in activation energies (Ea) and critical temperatures (t °C) during the
thermal processes in chloroplasts and the thylakoid membrane of the intact above-ear
leaf of air dried maize inbred lines
Tabnuya 3 — NsmeHeHue aHepaul akmusayuu (Ez) u kpumudeckux memnepamyp (t° C)
rpu MennnoskIx npoyeccax 8 xsoporaacmax u musakoudHol MmembpaHe UHMaKMHo20
nucma Had noYamkom UH6pPeOHbIX nuHuUl, obpabomaHHbIX 8030yWHOU CywkKoU
Tabena 3 — lNpomeHa eHepauja akmusauuje (Ez) u kpumuyHux memnepamypa (t°C) 3a
8peme mepMarsiHux rnpoyeca y xsaoporsiacmuma u munakoudHoj MembpaHu UHMaxkmHoe
npsoe nucma u3Hal knuna uHbped-nuHuja KyKypy3a mpemupaHo2 8a30yuHUM

cywerbem
ZPPL 146 ZPPL 159

Ea, kdJ/mol t°C Ea, kJ/mol t°C
/ 335 / 25
54.5 40.0 32.0 30
105.0 44.0 100.3 38
174.0 46.0 176.7 42
41.0 47.0 259.9 47
128.5 49.0 / 50
326.0 /

6. Brief survey of the breeding and seed production traits of the new
maize inbred lines with efficient photosynthesis

The observed new maize inbred lines ZPPL 146 and ZPPL 159 are
very promising in the process of maize breeding. For these reasons,
some relevant observations of their selected traits, performances, and
parameters are presented in Table 4.
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Table 4 — Relevant breeding and seed production traits of the new maize inbred lines with
photosynthetic efficiency
Tabnuya 4 — PenesaHmHble CeneKUUOHHbIE U CEMEH0800YECKUE MPU3HaKU HOBbIX
UHOPEOHbIX UHUL KyKYpY3bl C 3¢bgheKmueHbIM ¢hOmoCcUHMe30M

Tabena 4 — PenegaHmHa cerniekyuoHa U ceMeHapcKa ceojcmea Ho8UX UHbped-nuHuja

KyKypy3a ca e¢hukacHoM ¢homocuHmMe3om

Brief description of the breeding and seed

nOL:?rire]?;I Name and definition of a trait | production traits of the maize inbred lines
ZPPL 146 ZPPL 159
1. Heterotic origin BSSS, USA, Zemun | Landrace from
Polje Argentina (S13),
crossed to the
inbred PE 25-10-1,
Zemun Polje
2. FAO maturity group 650-700 550-600
3. Grain yield ha™ in kg at 14%
moisture 3500 2000
a) dry land farming 5000 3000
b) irrigation
4, Number of plants ha” at
harvest 50000 50000
a) dry land farming 60000 60000
b) irrigation
5. Stalk properties Stalk is moderately Stalk is short. Tassel
high with a prolific has closed side
trait. Tassel has an branches that shed
elongated central for a long time
branch with fewer
side branches
6. Stalk resistance to lodging Inbred is resistant to | Inbred is resistant to
lodging lodging
7. Erect position of above ear first leaf < 20.8° first leaf < 21.3°

leaves

second leaf < 17.9°
third leaf < 15.3°

second leaf < 18.1°
third leaf < 15.4°
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Brief description of the breeding and seed

nOJ?rigfelxl Name and definition of a trait | production traits of the maize inbred lines
ZPPL 146 ZPPL 159
8. Stay green Leaf remained Leaf remained
green until harvest moderately green
until harvest
9. Tolerance of the inbred to Inbred is tolerant to Inbred is tolerant to
stress factors (drought and drought and high drought and high
high temperatures, etc.) temperatures temperatures
10. Kernel traits and cob colour Semi-dent type, Semi-flint, orange
orange kernels, kernels, red cob
white cob
11. % grain moisture at harvest 20-25 20-25
12. Dry down rate in the stage of Dry down rate is not | Dry down rate is not
grain maturing fast, but hybrids are | fast, but hybrids are
suited for silage suited for silage
13. Harvest of inbreds Harvest is easy Harvest is easy
14. Emergence of inbreds Inbred emerges well | Inbred emerges well
15. Early growth of inbreds Early growth is Early growth is
moderate moderate
16. Suitability of the hybrid grain Grain of the hybrid Grain of the hybrid
for nutrition of ruminants and developed from this | developed from this
nonruminants inbred is suitable for | inbred is suitable for
nutrition of nutrition of
ruminants, ruminants,
nonruminants, nonruminants,
human nutrition and | human nutrition and
for industrial for industrial
processing processing
17. Carotene content in the inbred | 33.2 (mg/kg) a) 31.8 (mg/kg)
grain
18. Suitability of the inbred for the | Inbred is very Inbred is very
development of silage hybrids | suitable for suitable for
developing silage developing silage
hybrids hybrids
19. Digestibility of hybrids Hybrids developed Hybrids developed
from this inbred from this inbred
have good have good

digestibility of the
whole plant and of
the grain

digestibility of the
whole plant and of
the grain
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6. Functional dependence of the yield of the observed grain and
maize silage hybrids

The high-yielding and high-quality maize hybrids ZP 735, ZP 737,
ZP 677, and ZP 684 are mainly intended for grain and silage production
of grain, ear and the whole plant, under the agroecological conditions of
Southeastern Europe. According to our studies and good agricultural
practice, the hybrid ZP 633 is very suitable for human diet (Radenovi¢,
1991). However, the hybrids ZP 735, ZP 737, ZP 677, and ZP 684 are
significantly better for nutrition of domestic animals through high-quality
grain silage and even more often the whole plant silage. The important
agronomic and morphological traits of these hybrids are presented in
Tables 5 - 9.

Table 5 — Agronomic traits of the observed maize hybrids

Tabnuya 5 — AepoHoMuYecKue xapakmepucmuKu ucrbimyembix 2ubpudos KyKypy3bl
Tabena 5 — AepoHoMcKe Kapakmepucmuke ucrnumueaHux xubpuda KyKypy3a

Agronomic traits Hybrid

ZP 633 ZP 735 ZP 737
Hybrid type SC SC SC
FAQO maturity group 550-650 750-850 750-850
Plant height (cm) 250 280 290
Ear height (cm) 120 130 135
1000-kernel weight (g) 380 370 370
Kernel type semi-dent dent dent
Sowing density of silage 60-70 70-75 70-75

hybrid (x10° plants ha™)

Leaf position on the plant

semi-erect to erect

semi-erect to
erect

semi-erect to
erect

Tolerance to drought good good good
Tolerance to diseases good good good

Leaf appearance at harvest stay green stay green stay green
Hybrid growing regions 300-400 250-400 250-400
(altitude, m)

Hybrid biomass yield (tha™) | 60-65 75-80 75-80
Hybrid grain yield (t ha™) 7.819* 8.108** 12.732**

:*Hybrid yield achieved in 30 locations in Serbia in the 2008-2011 period
Hybrid yield achieved in 6 locations in Greece in the 2006-2009 period
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Table 6 — Ear morphological traits of the observed maize hybrids with a grain structure
Tabnuya 6 — Mopchonozauyeckue xapakmepucmuKu UCMbIMyeMbIX noYamka u
CmMpyKmypbl CMpOoeHUsi 3epHa 2ubpudos KyKypy3bl
Tabena 6 — Mopgboriowke Kapakmepucmuke Knuna ucrnumueaHux xubpuda Kykypysa ca
CMpyKmypom 3pHa

Hybrid
Traits

ZP 633 ZP 735 ZP 737
Grain moisture (%) 18 19 20
Ear length (cm) 22 25 25
Ear weight (g) 252.3 286.4 226.7
Rows per ear 16 18 18
Kernel row number 700 800 850
Kernel weight on ear (g) 228.4 248.4 200.4
% kernel pericarp on ear 5.3 6.5 4.6
% kernel embryo on ear 1.3 121 10.7
% kernel endosperm on ear | 83.4 81.4 84.7

Table 7 — Whole plant silage yield depending on the maize hybrid sowing density
Tabnuua 7 — Bbixod yesibHO3epHOB8020 cusioca 8 3a8UCUMOCMU Om JI0MHOCMU rocesa
eaubpuda KyKypy3bl
Tabena 7 — lNpuHocu cunaxe yene burbke y 3agUcHOCMU 00 gycmuHe yceea
ucriumueaHux xubpuda KyKypy3a

Sowing density (000/ha) .
55 60 65 70 Grain
Hvbrid mmsture in
y Whole Whole Whole plant Whole silage period
plant silage | plant silage | silage yield plant silage | (%)
yield (t'ha) | yield (t/ha) | (t/ha) yield (t/ha)
ZP 677 | 66.60 71.80 76.20 78.60 28.5
ZP 684 | 56.10 61.80 66.09 72.40 29.3
ZP 735 | 62.42 67.62 72.82 77.28 31.4
ZP 737 | 64.50 69.50 74.70 78.90 32.1

The results of the silage yields of the whole plant as a function of the
sowing density of the observed maize hybrids (Table 7) should be taken
conditionally. They indicate a possible trend of silage yield increase of the
whole plant depending on the crop densities. It should be noted that the
silage vyield of the whole plant depended, to a large extent, on the type of
soil, supply of nutrients, crop protection products, water and other measures
within contemporary crop growing practices (Jovanovi¢, 1996, 1998),
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(Jovanovi¢ et al, 2000), (Antob et al, 2004), (Dini¢ & Bordevi¢, 2005),
(Radenovi¢, 2013), (Bordevi¢ & Dini¢, 2003).

Table 8 — Yield of fresh matter, dry matter and digestible dry matter of the observed
maize hybrids sown at the common sowing density under arid conditions
Tabnuya 8 — Bbixo0d 3erieHoU Macchl, Cyx020 U 11e2K0ycebloSIEMO20 8euecmesa U3
ucrbimyembix 2ubpudos KyKypy3bl, 3aCesiHHbIX Mpu 06bI4HOU 2ycmome rocesa 8
ycrosusix 3acyxu
Tabena 8 — lNpuHoc 3eneHe mace burbaka, cyse Mamepuje U ceaprbuse cyse Mamepuje
3a rpoy4asaHe xubpude KyKypy3a Ha yobudajeHoj 2ycmuHu burbaka y apudHum

ycriogsuma
Dry matter yield
Fresh Plant N
Hybrid matter yield | Wholeplant | (a0 i eqr [ EAr | Digestible dry
(tha™) yield yield yield matteir yield
-ha! -ha’ -ha
(tha™) (tha™) (tha™) | (tha™)
ZP 677 76,2 29,7 11,8 17,9 19,9
ZP 684 66,0 29,0 11,1 17,9 19,1
ZP 735 64,2 23,7 10,8 12,9 12,2
ZP 737 66,1 25,1 13,8 11,3 15,9

Table 9 — Content of dry matter, lignocellulosic fibres and dry matter digestibility of the
observed maize hybrids
Tabnuya 9 — CodepxxaHue cyxo20 seuwjecmea, JIU2HOUE IH0I103HbIX 80STOKOH U
yceosieMocmb Cyx020 geujecmeaa UcrblmyemMblx 2ubpudos KyKypy3bl *
Tabena 9 — Calpxaj cyse mamepuje u fueHoOUes1yrno3HUX erakaHa u ceapsbusocm cyse
Mamepuje npoy4asaHux xubpuda KyKypy3a

Whole plant | Content of lignocellulosic fibres (%) Dry matter
Hybrid dry matter . . . | Hemice | Cellulos | digestibility
content (%) | NDF™ | ADF® | ADL™ |\ loce* | e* (%)
ZP 677 | 38.96 41.09 | 19.51 | 1.68 21.58 17.83 68.29
ZP 684 | 44.02 39.46 | 18.40 | 1.50 21.06 16.90 65.85
ZP 735 | 35.58 60.10 | 32.07 | 3.06 28.03 29.01 51.30
ZP 737 | 38.00 42.90 | 22.01 | 3.54 18.58 18.58 63.51

*Source of data, abbreviations and explanations: The analyses of contents of NDF, ADF
and ADL were performed according to the method of Van Soest P. J. (Van Soest, 1963);
dry matter content was established according to the Rulebook on Sampling Methods and
Methods of Physical, Chemical and Microbiological Analyses of Animal Feed (Sluzbeni
list SFRJ, 15/87) and dry matter digestibility was obtained by the INRA method, whereas
the content of hemicellulose and cellulose was computed (Hemicellulose = NDF — ADF,
and Cellulose = ADF - ADL). NDF — neutral detergent fibres; ADF — acid detergent fibres;
ADL - acid detergent lignin (72% sulphuric acid)
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According to the data presented in Tables 5-9, it is noticeable that
the observed hybrids belong to long-season hybrids with a modern
architecture, leaves that remain green and are rich in lignocellulosic
fibres. Moreover, these hybrids have more than 50% of grain dry matter
in dry matter of the whole plant, which is very important for silage quality.
In addition, the embryo content in grain amounts to above 10%, which is
especially important for the quality of nutritive values of hybrids in
nutrition of people (especially children and the elderly) (Radenovi¢, 1991)
but also in nutrition of livestock (particularly cows and sheep, chicks and
laying hens) (Jovanovi¢, 1996, 1998), (Jovanovic¢ et al, 2000). The results
on silage yields of grain, ear and the whole plant and grain moisture in
the silage period are important for dry matter yield, digestible matter yield
and the content of dry matter and lignocellulosic fibres (Tables 7-9).

After 1950, from the initial procedures of plant ensiling, the
technology of fodder tinning by ensiling flourished only in the period from
1955 to 1965. Modern, intensive and economical production in cattle
breeding can no longer be imagined without ensiled fodder. Moreover,
the importance of such feed has been increasing in sheep and goat
breeding, and to a lesser extent in pig breeding (Peji¢, 1994), (Jovanovi¢,
1996, 1998), (Jovanovi¢ et al, 2000), (Dini¢ & Dordevi¢, 2005),
(Radenovi¢ et al, 2013), (Pordevi¢ & Dini¢, 2003). The authors of this
study became interested in this topic in the beginning of 2002. Since
then, a large number of quality maize hybrids have been developed for
the production of high-quality silage in order to regulate the metabolic
processes of domestic animals and thus improve their gain in weight and
the quality of meat and milk (Radenovi¢ et al, 2002), (Radenovi¢, 2002).

It is well known that maize is one of the most suitable field crops for
the production of silage for ruminants. This is important for several
reasons. First, very high yields of green mass are recorded in maize. It is
also important that more than 50% of grain dry matter participate in the
dry matter of the whole plant, which is an excellent prerequisite for the
production of high quality silage. Ruminants need lignocellulosic fibres for
the activity of the rumen microflora and these fibres are mainly found in
maize stalks, leaves, husk, and cobs (lignocellulosic parts of the plant)
(Table 9). On the other hand, starch, proteins and oils are predominantly
found in the maize grain (Table 1). With the addition of some other
micronutrients, maize silage prepared in this way presents a modern way
of ruminants feeding. It is particularly important that such a way of animal
feeding is very economical, because the process of silage preparation is
completely mechanised, while the way of storing and its taking during the
use is also simple.
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According to the previous studies (Jovanovi¢, 1996, 1998),
(Jovanovic¢ et al, 2000), the observed hybrids (ZP 677, ZP 684, ZP 735
and ZP 737) have significantly better digestibility than some short-season
hybrids, and therefore they belong to the group of the highest quality
silage hybrids. It is this fact that indicates the higher nutritional value of
these hybrids, which directly affects the productive performances of
ruminants. Based on our studies (Radenovi¢, 2002, 2013), the hybrids
ZP 677, ZP 684, ZP 735, and ZP 737 had satisfactory yields of green
mass silage under the conditions of Leskovac with the application of
standard cropping practices and without irrigation. According to the
obtained results, the highest yield of green mass was recorded in the
maize hybrid ZP 677. However, to draw the final conclusion on which
hybrid is more suitable for silage, grain yield as well as silage digestibility
should be taken into account. Since these are long-season hybrids (FAO
maturity group 750-850), they have a very developed leaf mass and the
intensive photosynthetic activity. This, among other things, classifies
them into a group of hybrids most suitable for the silage production under
the climate conditions of Serbia and Southeastern Europe (Greece,
Bulgaria, and Turkey).

As already mentioned, a huge success has been achieved in maize
breeding and the production of high quality foundation seed and hybrid
seed in the last 42 years. Furthermore, a great success was achieved in
modern technologies for the commercial maize production. Since 1978,
the number of maize plants per area unit has been significantly increased
by the application of the new maize breeding programme. This
programme, known as a "plant density" breeding programme, directly
affected the increase of yield of both foundation and hybrid seeds as well
as the yield of commercial maize (Radenovi¢ et al, 2004, 1978). A few
years later, the breeding programme for the development of maize inbred
lines with erect top leaves - inbreds with more efficient photosynthesis -
was implemented (Radenovi¢ et al 2004, 2008, 2009, 2007). Some of
these inbred lines with the erect top leaves were thought to be the
closest to the assumed photosynthetic maize model. At the same time,
the breeding programme for maize inbreds rich in pigments and other
chemical properties and excellent nutritional values was initiated (Koji¢ &
Ivanovi¢, 1986), (Petrovi¢ et al, 1992), (Peji¢, 1994), (Jovanovi¢, 1996,
1998), (Dumanovi¢ & Paji¢, 1998), (Jovanovi¢ et al, 2000), (Dini¢ &
DPordevi¢, 2005), (Paji¢ et al, 1995), (Liu, 2007), (Strati et al, 2012,
(Tyutyaev et al, 2015), (Pordevi¢ & Dini¢, 2003), (Kurlich & Juvik, 1999),
(Granado et al, 2003), (Luo & Wang, 2012).
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This study was an attempt to answer the following question by using
different interdependent tests and analyses: ,Is there a reliable and
dominant trait (one or more) of the observed maize inbred lines rich in
the pigment complex that would be the basis for the development of new
extra-quality maize hybrids that would be suitable for human diet and
nutrition of domestic animals?“ The analysis of the presented overall
results, obtained in the series of experiments, can easily give the positive
answer to this question. Consequently, the new maize inbred lines (ZPPL
146 and ZPPL 159) and the hybrids developed from them (ZP 633, ZP
735 and ZP 737) are the best confirmation of the stated. The bred inbred
lines and hybrids developed from them are rich in pigments, have
significant nutritive values, especially of carotenoids that give the colour
(Abdel-Aal et al, 2006) to cereal kernels used in the nutrition of poultry.
Carotenoids have many biological functions in both people and animals
(Strati et al, 2012), (Kurlich & Juvik, 1999), (Granado et al, 2003),
(Bacchetti et al, 2013). This aspect of the observed maize inbred lines
and hybrids will get priority within the healthy extra-quality maize-based
diet for people and nutrition for animals.

Conclusions

Based on the presented numerous and diverse results of the studies
of the new inbred lines (ZPPL 146 and ZPPL 159) and the maize hybrids
developed from these inbreds (ZP 633, ZP 735 and ZP 737) that have
high nutritive values, are rich in pigments and, in accordance with their
chemical composition, have efficient photosynthesis and other relevant
parameters characteristic for the best standard maize hybrids (ZP 677
and ZP 684) for silage of grain, ear and the whole plant, the following can
be concluded:

= Selected new, unique maize inbred lines (ZPPL 146 and ZPPL
159), rich in carotenoids, yellow pigments, also have significant
amounts of other relevant bioactive compounds and good
physical traits.

= Observed inbred lines have erect top leaves and are classified
into a group of maize inbreds with significant properties of the
photosynthetic model - they are high yielding and tolerant to high
temperatures and drought.

= Spectral bands pointing to the conformational characteristics of
molecules of carotenoids but also other compounds (phosphates,
glutens, and amides Ill) were established by the resonance
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Raman spectroscopy method applied to the leaf of the maize
inbred lines.

= Relevant traits, properties and parameters of the observed new
maize inbred lines that can be successfully used in the breeding
process are presented.

= These maize inbred lines were used to develop high yielding and
extra quality maize hybrids (ZP 633, ZP 735 and ZP 737) that are
recognisable for their quality. The hybrid ZP 633 is particularly
recognisable in human nutrition (children and the elderly).
Furthermore, in relation to veterinary and agronomic estimations,
the hybrids ZP 735 and ZP 737 are the most suitable for feeding
domestic animals with a programmed use of maize silage, ground
maize and coarse meal.

= Relevant agronomic, morphological and nutritive properties of the
maize hybrids ZP 677, ZP 684, ZP 735 and ZP 737 are
presented. Moreover, the results regarding the grain structure and
grain and silage yields obtained in the regions of Serbia and
Southeastern Europe (Greece, Bulgaria, and Turkey) are also
displayed.

» All studied maize hybrids (ZP 633, ZP 735, ZP 737, ZP 677, and
ZP 684) are intended for large-scale production of flour, semolina,
ground maize, silage of grain, ear and the whole plant, which
provides healthy and extra quality food and feed.
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breeding would have been even more successful. Even so, he will be
always remembered for his deeds - the Serbian maize breeding has a
leading place in Europe.
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BbICOKOYPOXAMHBLIE N XUMWYECKW OBOIALLEHHBLIE
rMBPWAbI KYKYPY3bl CEPECKOW CENEKLM - NTYYLLAA
OCHOBA 14 BBICOKOKAYECTBEHHbLIX NMPOOYKTOB NMATAHNA
1 KOPMOB OJ1A AJOMALLHNX XXUBOTHbIX

Yedomup. H.vPa,quOqua‘S, Henad. C. fenny®, Munuya M. Pagocasnesuy®,
JKueoma B. NosaHosu4®, Mune [. CevaHckn®, AnekcaHdap C. Monosuy?,
Munow C. Upesap®, Hebotiwa [l. Pagocasnesny®

@ MIHCTUTYT KyKypy3bl ,3eMyH Mone®, r. Benrpaa, Pecny6nuka Cepbus

6 Benrpagckuin yHuBepcuTeT, pakynbTeT PrU3n4ecKkon Xummm,
r. benrpag, Pecnybnuka Cepbusi, KoppecnoHOeHT

PYBPUKA TPHTW: 31.27.00 Bruonornyeckas xumus;
31.27.29 Broxumms nuTaHns U KOPMIeHus.
31.15.00 dusnyeckan xumms

BWO CTATbW: opurmHanbHasa HayyYHas ctatbsl

Peswome:

BeedeHue/uenb: B daHHoU cmambe npedcmaesrneHbl pe3ynbmamsl psida
pasnuyHbix uccriedosaHuli. Cenekyus UH6pedHbIx nuHulti ZPPL 146 u
ZPPL 159, npoussedeHHasi Ha OCHoge aubpudos KyKypy3bl,
rpedHa3Ha4yeHHbIX 8 nepsyro ovyepedpb 05151 npoudsodcmea npodyKmos
numaHusi U Kopmog Orid OOMawHUX XUBOMHbIX, 3aHsifia OKOJo
yembipex decamunemud: ZP 633, ZP 735 u ZP 737.

Memoder: B uccriedosaHuu MpuUMEHSNICA MemoO pPe30HaHCHOU
pamMaHo8CKoU CreKmpoCKonuu nucmebe8 UHOPedHbIX NTUHUU KyKypys3bl, C
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nomMowpto  Komopoli  6biiu  OBHapyXXeHbl  crieKkmparibHble  0s10Chl,
Komopbie  yKasblealom Ha KOHQOPMAaUUOHHbIE  Xapakmepucmuku
MorneKyn KapomuHoudos, a makxe Opyaux coeduHeHul (gpocghama,
enmomena u amuda lli).

Pesynbmamel: Ha ocHogaHuu mnposedeHHO20 cucmeMamu4ecKoeo
uccnedosaHusi uHbpedHbIx nuHul: ZPPL 146 u ZPPL 159 u esubpudos
KyKypy3bi: ZP 633, ZP 735 u ZP 737 ebisienieHo, 4mo HO8ble
UHbpedHble nuHuu Kykypysel: ZPPL 146 u ZPPL 159 6o2ambi
KapomuHoudamu U XesimbiMu nuaMeHmamu. Omu JiuHuU 8 6051buwom
obbeme obnadarom u Opyaumu 8axkHbIMU BUOI02UYECKU aKmu8HbIMU
CcoeduUHeHUsMU u 61a2onpusimHbIMU gusudeckumu
Xapakmepucmukamu. Visydaembie UHOPEOHbIe JIUHUU  KYKypy3bl
omuYalomcs MpPsSIMOCMOSHUM  OJIOKEHUEM BEPXHUX JlUCmbes U
omHocsimcs K 2pynne [uHUU  KyKypy3bl CO  3HayumersibHbIMU
xapakmepucmukamu molesniu ¢ghomocuHmesa. 3mo xxapocmolikue u
3acyxoycmouy4ueble pacmeHus.

BbigoObl: B daHHOU cmambe npedcmassieHbl periesaHmHble
ceolicmea, XxapakmepucmuKku U rfapamempbl U3YYEHHbIX HO8bIX
UHBpPeOHbIX NTUHUL KyKypy3bl, KOMOopble 8 riepcriekmuse mMo2ym bbimb
ucrnosnb308aHbl 8 rnpouecce cenekyuu. C noMowbro 8bileyKa3aHHbIX
UHBPEOHbIX NUHUUU  KyKypy3bl €030aHbl 8bICOKOypOXalHble U
8bICOKOKa4YecmeeHHble aubpudbl KyKypy3bel: ZP 633, ZP 735 u ZP 737,
omnuyarouuecsi no ceoum kadecmeam. OcobeHHO y3Hasaem 2ubpud
ZP 633, npedHa3HayveHHbIl Onsi npousgodcmea npodykmos rnumaHusi
(Orig Oemedli u noxurnbix moded).

Knoyesble criosa: 3amedneHHass hryopecueHyuss xmaopogusina,
pamaHosckasi criekmpockonus, modesb ¢homocuHmesa, Zea mays L,
UHbpedHas nuHus, eubpud, munakoudOHass membpaHa, nuaMeHMmMHbIe
ceolicmea, nuuwiesasl UeHHoOCmMb, rnpoOyKmbl numaHusi u kopma Ornsi
OoMalWHUX XUBOMHbIX.

BUCKOMPNHOCHW 1 XEMWNJCKKU OBOIr' AREHU XUBPWNOU
KYKYPY3A CPTIICKE CEJNIEKLUNJE KAO HAJBOJbA OCHOBA 3A
HAJKBAJIMTETHWJY XPAHY

Yedomup. H. PapneHosuh®®, Henad. C. fenvh?, Munuya M. Pagocasrbesuh?,
JKueoma B. JosaHosuh®, Mune [1. CeuaHckn®, AniekcaHdap C. Monosuh?,
Munow C. Upesap®, Hebojwa [l. Pagocasrsesuh®

@ MHCTUTYT 3a KyKypys ,3emyH MNorbe“, Beorpap, Peny6nuka Cpbuja

6YHMBepszeT y Beorpagy, ®akynteT 3a uanuky xemujy,
Beorpag, Penybnuka Cpbuja, ayTop 3a npenucky

OBJIACT: cusnyka xemuja, brnodumanka, reHeTnka, bmoxemuja n TexHonorvje

3a npepagy urbH1UX cMpoBKHa
BPCTA UJ1IAHKA: opuvruHanHu Hay4Hu pag
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Caxemak:

Yeod/uyurb: Y osom pady usnaxy ce pesynmamu euwie pasiudqumux
ucmpaxusarba. KoHcmamyje ce Oa je oko Yyemumu OeueHuje mpajasio
cefniekyuoHucare uHbped-nuHuja ZPPL 146 u ZPPL 159 u ca mwuma
cmeopeHux xubpuda Kykypysa: ZP 633, ZP 735 u ZP 737, npeeHcmeeHo
HaMeH-eHUX 3a UucxpaHy rbyou u 0omahux xueomursa.

Memode: lNpumeHom mMemode pe3oHaHmHe PamaHose crieKmpockoriuje
Jniucma uHbpeOd-nuHuUja KyKypy3sa peaucmposaHe Cy CrieKmparHe mpake
Koje yKasyjy Ha KOH(hopMayluoHe KapaKmepucmuke MoreKyna
KapomeHouda, anu u Opyaux jedurera (chocchama, arlymeHa u amuda
) y nucmy.

Pesynmamu: Y pady je usepweHo cucmemMamcKko ucrumugarse UHbpeo-
nuHuja: ZPPL 146 u ZPPL 159 u xubpuda Kykypy3a: ZP 633, ZP 735 u ZP
737. KoHcmamoeaHo je Oa cy Hose uHbped-nuHuje Kykypy3a: 311 146
u 3MrJ1 159 6ozame kapomeHouOuMa U XymuMm ruemeHmuma. Te
JIUHUje umajy, y 3HamHUM Konu4yuHama U epedHocmuma, U Opyaa
penegaHmHa  buoakmueHa  jeOHUHeHa U  dobpe  qbusuyKke
kapakmepucmuke. [lpoyyasaHe UH6peOd-nuHUje  KyKypy3a umajy
ycrpasaH rosioxaj 8pwHUX siucmosa u criadajy y epyry fluHuja KyKypysa
ca 3HayvajHUM Kapakmepucmukama ghomocuHmemuykoz modesa. OHe cy
OMIIOPHE Ha BUCOKY memrepamypy U mosiepaHmHe cy Ha Cyuwly.

Sakmbyuak: Y pady cy Uu3fioxeHa  peregaHmHa  €eojcmea,
Kapakmepucmuke U rapamempu rpoy4yagaHux HO8UX UHOped-ruHuja
KyKypysa Koja ce moay kopucmumu y 6ydyhHocmu y ceriekyuoHoM
npouecy. Ca HagsedeHUM UHBped-NuHUjama KyKypy3a CmeopeHu Ccy
BUCOKOMPUHOCHU U KeanumemHu xubpudu Kykypysa: ZP 633, ZP 735 u
ZP 737, Koju cy nperiosHamsbusu o c8ojuM Keanumemuma,a Hapo4umo
xubpud ZP 633 3a ucxpaHy sbydu (deue u cmapujux nuya). icmo mako,
ca aspOHOMCKO-8emepuHapcKoa cmaHosuwma je romepheHo da cy
xubpudu ZP 735 u ZP 737 HajnoeodHuju 3a ucxpaHy Oomahux
JKueomurba y3 rpoepamupaHo Kopuwhere KyKypy3He curnaxe. Takohe,
U3/IOXKEHa Cy periegaHmMHa agpOHOMCKa, MOPGOOIowKa U HympumueHa
ceojcmea xubpuda Kykypy3a ZP 633, ZP 735 u ZP 737. [lpeseHmoesaHu
Cy U pesyrimamu O CMPYKmMypu 3pHa U 8UCUHU MpUHOca 3a 3PHO U
cunaxy u kod xubpuda ZP 677 u ZP 684, koju ce npousgode y Cpbuju u
3emrbama jysoucmoyHe Espore.

KrbyuHe peuu: 3akacHena cbryopecueHuyuja xmopoguna, PamaHosa
criekmpockonuja sucma, ¢omocuHmemudku modes, Zea mays L,
UHBped-nuHuUja, xubpud, munakoudHa MmembpaHa, nuaMeHmHa
ceojcmea, HympumusgHa 8pedHOCM, XpaHa 3a sby0e U XUBOMUHE.
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Abstract:

Introduction/purpose: Safety in high residential buildings presents a very
important and always actual task. In case of some unforeseen and
dangerous occurrences, their residents must be evacuated. Fire,
earthquakes, and terrorism are only some of such situations. The speed of
evacuation from high residential buildings depends on many different
factors. A particularly difficult and complex evacuation task concerns
buildings without fire escape stairs.

Methods: The modeling method was used in this paper. Based on a real
object — a residential building, an appropriate simulation model was
realized in appropriate simulation software.

Results: The results of this paper have shown that, out of four scenarios,
the fastest evacuation was for the evacuation speed of 1.75 m/s. The first
two scenarios did not report any jams, unlike the third and fourth scenario;
in the third scenario, the occupants' speeds were 0.75 m/s and 1.25 m/s
while in the fourth scenario, the simulated occupants' speeds were from
0.75m/sto 1.75 m/s.

Conclusion:The usage of appropriate simulation software enables fast,
precise, safe and cheap calculation of evacuation times and it can
significantly improve evacuation procedures and evacuation strategies.

Key words: evacuation, building, human, simulation.

Introduction

An evacuation presents the most important measurement for
population protection. This measurement generally comprises a planned
and organized relocation of humans, animals, material properties, state
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authorities etc., from an endangered area to a safe area. Depending on a
vulnerability degree and current damage, evacuation can be temporary
or permanent. The reasons for evacuation can be different: fire,
earthquake, floods, terrorism, nuclear disaster, tsunami, whirlwind, etc.
Namely, it is important to note that there are differences between
evacuation, displacement, and relocation of population.

Residential buildings present specific objects for evacuation, mostly
because of a huge number of residents of different age. Besides this
important factor, there are also other factors such as building
construction and location, possibilities for fire fighters to approach the
site, presence or absence of evacuation stairs, presence or absence of
an escape rescue system, behavior of residents under stress, etc. For
example, in the United States, in the period from 2007 to 2011, fire units
had 15400 interventions because of fire in high buildings. These fires
caused 46 victims, 530 civil injuries and more than 200 million dollars of
damage, on the year level. It is interesting to note that 45 % of all fires
were caused in apartments; 3 % of all fires were caused in hotels; 2 % of
all fires were caused in offices, and 1 % of all fires was caused in elderly
care objects (Mumovi¢, 2019).

One very important event related to safety evacuation in high
buildings was, unfortunately, the terrorist’s attacks on the World Trade
Centre in New York, on 11 September 2001. According to analyses, the
evacuations of 87 % of all occupants were realized in less than two
hours. However, evacuation times were pretty different and complex to
explain. Because of that reason, many different experts agreed that
safety in high buildings would be much improved with a better
understanding and analysis of human behavior in panic and stress
situations. In addition, several very important factors influenced occupant
behavior in general. Taking into account demographic characteristics, it
was noted that 58 % of all occupants were male with an average age of
44; 90 % of all occupants were well educated, 56 % of all occupants lived
outside New York while 32 % of all occupants lived in the neighborhood.
Health and injury status of occupants were also important - it was noted
that 23 % of all occupants reported some medical problem. Familiarity
with the building and installed fire safety measurements were very poor -
it was confirmed that only 20 % of all occupants were introduced with
proper actions after the alarm sounded (Gershon et al, 2011).

Regardless of building construction characteristics, evacuation from
residential buildings can be realized in several ways: first, by stairs, and
then by elevators or their combinations. Modern residential buildings built
in recent times have several new and modern ways for evacuation, such
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as special security equipment, transport helicopters or some new
construction solutions (connections between buildings or similar). In
many cases, evacuation by stairs presents the only possible way for
evacuation. Many high buildings have standard staircases and
emergency stairs, many not. The realization of staircases demands
detailed research about many factors, such as the position of the
staircase, the material the stairs are made of, the staircase dimensions
(width, riser and tread dimensions), stairs fire resistance, etc. (Pauls,
2005).

Although in the last twenty years fire protection systems and
evacuation systems have significantly improved, accidents in high
residential buildings have occurred. As an example, fires in residential
buildings are presented in Figure 1 (a and b).

Figure 1 — Huge fire in a residential building in Sao Paolo, Brazil, in 2018 (a) (Fos Media,
2018) and a huge fire in the residential building Grenfell Tower in London, UK, in 2017 (b)
(Hartley-Parkinson, 2019)

Puc. 1 — KpynHbit noxap 8 »xunom 30aHuu 8 e.Can-lNayny, bpasunus (a) (Fos Media,
2018) u kpynHbIl noxap e 30aHuu peHgenn-mayap e JloHooHe, OK, 2017 (6) (Hartley-
Parkinson, 2019)

Cnuka 1 — Benuku rioxap y cmambeHoj 3epadu y Cao lMaony, bpasun, (a) (Fos Media,
2018) u eenuku roxap y cmambeHoj 32padu y Grenfell Tower-y y JlonHdoHy, YK, 2017(6)
(Hartley-Parkinson, 2019)

The usage of elevators for evacuation is questionable for many
different reasons: the lack of power supply, collapse capabilities, the
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possibilities of dangerous gases penetration (especially carbon monoxide
(CO)), the lack of space, etc. Because of the noted reasons, many
different evacuation approaches do not recommend elevators usage for
evacuation (Glavini¢ & Raskovi¢, 2016).

The occupant behavior under stress and panic presents a very
complex factor hard to define and predict. It is almost impossible to
predict occupants' behavior in stress situations, no matter how educated
or familiar with safety precautions they are. Occupants are, in normal
conditions, aware and ready to find the best options, even in the cases
when they should aid someone (help someone with disabilities, help
children, etc.). However, are they able to do all this in the presence of
smoke, flame, heat, crashes, explosions or other stress situations? A
different age of occupants is also important and brings new moments of
complexity and unpredictability (Ronchi & Nilsson, 2013), (Jevti¢, 2016).

It is obvious that successful evacuation in an accident, especially
from a complex object such as a residential building, must be realized in
the early stage of the accident. Of course, it implies the timely detection
of an accident or a disaster. Because of that, it is important to predict, as
closely as possible, all potential evacuation scenarios and situations.
One of the best ways to predict evacuation situations and calculate time
needed for evacuation is the usage of simulation software. The usage of
simulation software and the analysis of potential evacuation scenarios for
different evacuation factors present a new, effective, safe, and “all in“
approach in building architecture. Powerful computers enable detailed
analyses of evacuation by simulation and prediction of almost all
potential scenarios. The given facts show that this topic has a great
importance, primarily in the protection of human lives. On the other hand,
a timely and well-planned evacuation enables a fast evacuation of
occupants and a fast approach of fire fighters, which can significantly
decrease damage to material properties. This paper was written to show
the prediction of evacuation scenarios and the calculation of evacuation
times in the case of a building without emergency stairs, using adequate
simulation software.

Pathfinder simulation software

A successful and safely realized evacuation as well as saving lives
and material properties can be significantly improved by using simulation
software. The reasons for simulation software usage lie in the fact that
such usage is, above all, safe and economically cost-effective. In
addition, it has potentials to predict many different evacuation scenarios
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and calculations of evacuation times. There is a number of simulation
software for evacuation on the market. One of them is Pathfinder. This
simulation software is based on human movement. Until today, several
different versions of this program have been developed. This powerful
simulator enables a graphical user interface for simulation design and
execution. It is possible to simulate human movements through objects,
in elevators, on stairs, etc. The Pathfinder environment presents a 3D
triangulated mesh designed to match the real dimensions of a building
model. This software can support two different simulation ways: the
steering mode and the SFPE mode. In addition, this software has a very
important ability to import files from different programs such as FDS, 3D
Cad and PyroSim, what enables much faster drawing of a simulation
model and the usage of the existent simulation models with minor
remakes. The Pathfinder version used for this paper was 2020 version
(Thunderhead, 2014).

Simulation model

The object simulated in this paper was the building in the Bulevar
Nemanjica Street, with numbers from 58 to 64. This object actually
presents four buildings connected in one. The object has four
exits/entrances without emergency stairs. The main advantage of such
objects is in their great stability in case of earthquakes. Every building
has the basement, the ground floor, ten floors and a roof terrace. The
buildings are connected via terraces. The connected terraces serve for
evacuation in case that residents cannot get out through the
entrance/exit.

Every building, taken separately, has two elevators, vault rooms, a
loft and four flats on every floor started from the ground floor to the tenth
floor. This means that every building, taken separately, has forty-four
flats, i.e. there are one hundred and seventy six flats in total. There are
two different flat types per floor, one with an approximate surface of 66
m? and one with an approximate surface of 50 m® Every building
separately has two different elevators: one with a total capacity of four
persons and one with a total capacity of six persons. The elevators have
different speeds. These speeds were measured, and, for a smaller
elevator type, the speed was 1. 1 m/s, while the speed of a bigger
elevator was 0.92 m/s. The maximum distance between the floors is
approximately 2. 6 m, which means that the total height of the object is
approximately 36-38 m (measured from the ground to the elevator
machine room on the top of the building). Related to this object, a proper
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simulation model with all its real dimensions was constructed in
Pathfinder software.

The positions of the residents were per floors and in flats, based on
the resident lists. Because of visibility, the HIDE function from Pathfinder
was used. This means that only some elements were visible, such as
stairs, doors, elevators, etc. The total number of residents was 699,
which was confirmed from the resident lists for every of four buildings
separately (179 residents in the entrance/exit with number 58, 168
residents in the entrance/exit with number 60, 169 residents in the
entrance/exit with number 62, and 183 residents in the entrance/exit with
number 64).

After the construction of the simulation model, it was decided to
simulate four different scenarios. The first simulation scenario included all
entrances/exits opened, with enabled and disabled elevators. The
second simulation scenario included one entrance/exit blocked while
other three entrances/exits were open (all potential 9 cases), with
enabled and disabled elevators. The third simulation scenario included
two entrances/exits blocked while other two entrances/exits were open
(all potential 12 cases), with enabled and disabled elevators. The fourth
simulation scenario was based on three entrances/exits blocked while
one entrance/exit was open (all potential 8 cases), with enabled and
disabled elevators. Each of four scenarios was realized for different
speeds of occupants: 0.75 m/s, 1 m/s, 1.25 m/s, and 1.5 m/s and 1.75
m/s (Jevti¢, 2018), (Jevti¢, 2019a).

The residential building in Bulevar Nemaniji¢a Street, from 58 to 64,
Ni§, is presented in Figure 2 (a), while the appropriate Pathfinder
simulation model of the residential building in Bulevar Nemaniji¢a Street
is presented in Figure 2 (b).

Simulation results

The complete simulation results are presented from Table 1 to Table
30. The simulation results for the first scenario are presented in Tables 1
and 2. The simulation results for the second scenario are presented in
Tables from 3 to 10. The simulation results for the third scenario are
presented in Tables from 11 to 22. The simulation results for the fourth
scenario are presented in Tables from 23 to 30. All simulations of the
evacuation were realized on a laptop Honor MagicBook 15 with AMD
Ryzen 5 3500U processor at 3.7 GHz and 6 MB of CASH memory and 8
GB DDR4 2667 MHz. It is desirable to possess a strong hardware
configuration for any kind of computer simulation.
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Figure 2 — Building in Bulevar Nemanji¢a Street, from 58 to 64 (a) and the Pathfinder
simulation model of the residential building in Bulevar Nemanji¢a Street (b)
Puc. 2 — 30aHue Ha bynseape HemaHuua ¢ 58 o 64 (a) u umumauyuoHHas Modesb 8
Jxunom 30aHuu Pathfinder Ha Bynseape HemaHuua (6)
Cnuka 2 — 3epada y bynesapy Hemarsuha, 0d 6poja 58 do 64 (a), u cumynayuoHu
moden y Pathfinder-y cmambeHe 3epade y byneeapy Hemaruha (6)

Table 1 — Simulation results in seconds for the first scenario, with elevators enabled and
for the occupants’ speeds from 0.75 m/s, 1 m/s, 1.25 m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 1 — Pe3ynbmambi CUMYynSyuu, 8blpaxeHHbIe 8 CeKyHOax o rnepeomy
cueHapuro, ¢ nugpmamu, yqumsigasi ckopocms xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5
m/c u 1.75 m/c
Tabena 1 — CumynayuoHu pe3ysimamu y cekyH0ama 3a npeu cueHapuo, ca nugmosuma
u 3a 6p3uHe cmaHapa: 0,75 m/s, 1 m/s, 1,26 m/s, 1,5 m/s u 1,756 m/s

Number of occupants 669 500 400 300 200 100 0

Time for speed of 0 133 | 183 | 230 | 286 | 332 | 365
occupants 0.75 m/s

Time for speed of

0 105.7 | 1416 | 1834 221 256 293
occupants 1 m/s

Time for speed of

occupants 1.25 mis 0 84 127 159 197 234 256

Time for speed of

0 72.2 105.8 148 176 209 236
occupants 1.5 m/s

Time for speed of 0 50 79 123 140 180 209
occupants 1.75 m/s
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Table 2 — Simulation results in seconds for the first scenario, with elevators disabled and
for the occupants’ speeds from 0.76 m/s, 1 m/s, 1.25 m/s, 1.5 m/s, and 1.75 m/s
Tabnuua 2 — Pe3yrnbmambl cCUMynsyuu, 8bipaxkeHHbIe 8 CeKyHAax rno rnepeomy
cueHapuro, be3 nupma, yuumsigasi ckopocms xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5
m/cu 1.75 m/c
Tabena 2 — CumynayuoHu pe3ysimamu y cekyH0ama 3a npeu cueHapuo, 6e3 ugpmosa u
3a bp3uHe cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s

Number of occupants 669 | 500 400 300 200 100 0

Time for speed of 0 145 203 255 313 351 442
occupants 0.75 m/s

Time for speed of 0 123 1776 | 2194 | 257 292 334
occupants 1 m/s

Time for speed of 0 113 156 188 226 263 288
occupants 1.25 m/s

Time for speed of 0 952 | 128.8 171 199 232 | 267.6
occupants 1.5 m/s

Time for speed of 0 74 88.7 133 150 187 232
occupants 1.75 m/s

Table 3 — Simulation results in seconds for the second scenario, with elevators enabled
and the first entrance/exit blocked and for the occupants’ speeds from 0.75 m/s, 1 m/s,
1.25m/s, 1.5 m/s, and 1.75 m/s
Tabnuuya 3 — Pe3ynbmambi CUMynsyuu, 8blpakeHHbIe 8 CeKyHOax rno emopomy
cuyeHapuro, ¢ niugpmamu u rnepsbim 3abriokuposaHHbIM 8X000M/8bIX000M, yHUMbI8asi
ckopocmb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 3 — CumynayuoHu pe3ynmamu y cekyHdama 3a Opyau cyeHapuo, ca
nugpmosuma u ca rpeum briokupaHuM yrnasom/Aiznasom u 3a 6p3uHe cmaHapa: 0,75 m/s,
1m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s

Number of occupants 669 | 500 400 300 200 100 0

Time for speed of occupants 0 190 225 291 398 562 796
0.75 m/s

Time for speed of occupants 0 160 195 254 342 501 627
1 m/s

Time for speed of occupants | 134 165 231 311 472 554
1.25 m/s

Time for speed of occupants | 118 136 201 284 420 499
1.5 m/s

Time for speed of occupants 0 100 120 172 235 367 434
1.75 m/s

155

Jevti¢, R., Safety in residential buildings - evacuation from residential buildings without fire escape stairs, pp.148-178



i" VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2021, Vol. 69, Issue 1

Table 4 — Simulation results in seconds for the second scenario, with elevators enabled
and the second entrance/exit blocked and for the occupants’ speeds from 0.75 m/s, 1
m/s, 1.25 m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 4 — Pe3ynbmambl CUMYFAYUU, 8bIpaXXeHHbIe 8 ceKyHOax o 8mopomy
cueHapuro, ¢ nugpmamu u 8mopbiM 3ab10KUPOBaHHbIM 8X000M/8bIXO00M, y4Yumbieasi
ckopocmb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 4 — CumynayuoHu pe3ynmamu y cekyHdama 3a Opyau cuyeHapuo, ca
nugpmosuma u ca Opyaum briokupaHumM ynazom/Aizna3om, u 3a 6psuHe cmaHapa: 0,75
m/s, 1Tm/s, 1,25 m/s, 1,5 m/s u 1,76 m/s

Number of occupants 669 500 400 300 200 100 0

Time for speed of occupants 0 184 213 275 380 546 772
0.75 m/s

Time for speed of occupants | 0 155 184 239 320 487 600
1 m/s

Time for speed of occupants 0 128 155 218 295 455 530
1.25 m/s

Time for speed of occupants 0 113 126 190 266 406 468
1.5 m/s

Time for speed of occupants | 0 95 110 | 166.4 | 221 351 422
1.75 m/s

Table 5 — Simulation results in seconds for the second scenario, with elevators enabled
and the third entrance/exit blocked and for the occupants’ speeds from 0.75 m/s, 1 m/s,
1.25m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 5 — Pe3ynsmambl CUMYNSYUU, 8bIpaXXeHHbIe 8 CeKyHOax o 8mopomy
cueHapuro, ¢ ugpmamu u mpembum 3abr10KUPO8aHHbLIM 8X000M/8bIXOO0M, y4UmbIi8asi
ckopocmb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 5 — CumynayuoHu pe3ynmamu y cekyHOama 3a Opyeu cyeHapuo, ca
nugmosuma u ca mpehum b6rokupaHum yna3om/Adizna3om, u 3a 6p3uHe cmaHapa: 0,75
m/s, 1m/s, 1,25 m/s, 1,5m/s u 1,75 m/s

Number of occupants 669 | 500 400 300 200 100 0

Time for speed of occupants 0 199 225 290 397 566 789
0.75 m/s

Time for speed of occupants 0 167 199 253 336 506 615
1 m/s

Time for speed of occupants 0 136 174 234 311 475 543
1.25 m/s

Time for speed of occupants | 0 122 150 202 280 422 480
1.5 m/s

Time for speed of occupants 0 104 132 180 235 369 432
1.75m/s
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Table 6 — Simulation results in seconds for the second scenario, with elevators enabled
and the fourth entrance/exit blocked and for the occupants’ speeds from 0.75 m/s, 1 m/s,
1.25m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 6 — Pe3ynbmambi CUMYAYUU, 8bipaXXeHHbIe 8 ceKyHOax o 8mopomy
cueHapuro, ¢ nuchmamu u yemeepmbiM 3abITIOKUPOBaHHbLIM 8X000M/8bIXO00M, y4Yumbleasi
ckopocmb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 6 — CumynayuoHu pe3ynmamu y cekyHdama 3a Opyau cuyeHapuo, ca
nugpmosuma u ca yemepmum b6r10KUpaHUM yra3om/Aisna3om, u 3a 6p3uHe cmaHapa:
0,75m/s, 1m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s

Number of occupants 669 500 400 300 200 100 0

Time for speed of occupants 0 210 239 306 415 588 811
0.75 m/s

Time for speed of occupants 0 178 213 269 354 526 639
1 m/s

Time for speed of occupants 0 147 185 250 330 496 566
1.25 m/s

Time for speed of occupants | 0 135 164 217 297 444 503
1.5 m/s

Time for speed of occupants 0 116 144 194 253 390 457
1.75 m/s

Table 7 — Simulation results in seconds for the second scenario, with elevators disabled
and the first entrance/exit blocked and for the occupants’ speeds from 0.75 m/s, 1 m/s,
1.25m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 7 — Pe3ynsmambi CUMYSYUU, 8bIpaXXeHHbIe 8 CeKyHOax o 8mopomy
cueHapuro, 6e3 nugpma u ¢ nepebiM 3abr1oKUPO8aHHbLIM 8X000M/8bIXO00M, y4UMbIBas
ckopocmb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 7 — CumynayuoHu pe3ynmamu y cekyHO0ama 3a Opyau cueHapuo, 6e3 nugpmosa
u ca npsum 6rioKupaHuUM ynasom/Ai3nas3om, u 3a bp3uHe cmaHapa: 0,75 m/s, 1 m/s, 1,25
m/s, 1,5m/su 1,75 m/s

Number of occupants 669 [ 500 400 300 200 100 0

Time for speed of 0 270 306 372 480 642 873
occupants 0.75 m/s

Time for speed of 0 240 278 337 420 582 700
occupants 1 m/s

Time for speed of 0 215 248 315 390 553 | 634.9
occupants 1.25 m/s

Time for speed of 0 199 217 281.3 363 499 579.5
occupants 1.5 m/s

Time for speed of 0 181 200 250 313 447 515
occupants 1.75 m/s
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Table 8 — Simulation results in seconds for the second scenario, with elevators disabled
and the second entrance/exit blocked and for the occupants’ speeds from 0.75 m/s, 1
m/s, 1.25 m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 8 — Pe3ynbmambi CUMYAYUU, 8bipaXXeHHble 8 ceKyHOax o 8mopomy
cueHaputro, bes nugma u co 8mopbiM 3abr10KUPOBaHHbLIM 8X000M/8bIXO00M, yHumMblgasi
ckopocmb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 8 — CumynayuoHu pe3ynimamu y cekyHOama 3a 0pyau cuyeHapuo, 6e3 nughmosa
u ca dpyaum 6rokupaHum ynasom/Aiznasom, u 3a 6p3uHe cmaHapa: 0,75 m/s, 1 m/s, 1,26
m/s, 1,5m/s u 1,75 m/s

Number of occupants 669 500 400 300 200 100 0

Time for speed of 0 220 250 313.6 | 4184 580 812
occupants 0.75 m/s

Time for speed of 0 1934 | 223 | 2809 | 361.6 | 528.2 | 642
occupants 1 m/s

Time for speed of 0 162 192 260 330 493 569
occupants 1.25 m/s

Time for speed of 0 152 168 229.5 302 443 525
occupants 1.5 m/s

Time for speed of 0 133.7 | 149 | 2053 260 390.4 | 460
occupants 1.75 m/s

Table 9 — Simulation results in seconds for the second scenario, with elevators disabled
and the third entrance/exit blocked and for the occupants’ speeds from 0.75 m/s, 1 m/s,
1.25m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 9 — Pe3ynbmambi CUMYNSYUU, 8bIpaXKeHHbIe 8 CeKyHOax o 8mopomy
cueHaputo, 6e3 fiugpma u ¢ mpemsbum 3abI0KUPOBaHHbIM 8X000M/8bIXOOOM, yHUMbI8ast
ckopocmb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 9 — CumynayuoHu pe3ynmamu y cekyHO0ama 3a Opyau cueHapuo, 6e3 nugpmosa
u ca mpehum 6r10KupaHuM ynasom/Ai3na3om, u 3a bp3uHe cmaxapa: 0,75 m/s, 1 m/s,
1,25m/s, 1,5m/s u 1,75 m/s
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Number of occupants 669 500 400 300 200 100 0

Time for speed of 0 264.4 295 357.4 462 620 856
occupants 0.75 m/s

Time for speed of 0 2376 | 267.6 | 324.4 402 567 684
occupants 1 m/s

Time for speed of 0 206.6 | 237.6 303 3704 | 537 613
occupants 1.25 m/s

Time for speed of 0 1974 | 2246 | 2764 345 481 569
occupants 1.5 m/s

Time for speed of 0 149 198.5 | 248.6 305 434 503.5
occupants 1.75 m/s
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Table 10 — Simulation results in seconds for the second scenario, with elevators disabled
and the fourth entrance/exit blocked and for the occupants’ speeds from 0.75 m/s, 1 m/s,
1.25m/s, 1.5 m/s, and 1.75 m/s
Tabrnuya 10 — Pe3ynbmambl CUMynayuu, 8bipaXeHHbIe 8 CeKyHOax ro emopomy
cueHaputro, be3 nugpma u ¢ HemaepmbiM 3abr10KUPOBaHHbLIM 8X0O0M/8bIXOO0OM,
yqumsieasi ckopocms xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 10 — CumynayuoHu pe3ysimamu y cekyH0ama 3a Opyau cueHapuo, 6e3
nugomosa u ca Yemepmum b6r10KuUpaHuUM yna3om/Ai3na3om, u 3a 6psuHe cmaHapa: 0,75
m/s, 1Tm/s, 1,25 m/s, 1,5 m/s u 1,75 m/s

Number of occupants 669 | 500 400 300 200 100 0

Time for speed of 0 292 330 393 494 657 893
occupants 0.75 m/s

Time for speed of 0 274 304 361 439 603 720.2
occupants 1 m/s

Time for speed of 0 243 273 340 405.3 | 5735 649
occupants 1.25 m/s

Time for speed of 0 214 258 | 314.4 382 525.6 606
occupants 1.5 m/s

Time for speed of 0 195 234 | 284.4 341 4715 | 5415
occupants 1.75 m/s

Table 11 — Simulation results in seconds for the third scenario, with elevators enabled
and the first and the second entrances/exits blocked and for the occupants’ speeds from
0.75m/s, 1m/s, 1.25m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 11 — Pe3ynbmambl CUMYSUUU, 8bIPaXEHHbIE 8 CEKyHOax o mpemsemy
cueHapuro, ¢ iugpmamu u ¢ rnepsbiM U 8mopbiM 3abr10KUPOBaHHbIMU
exodamu/sbixodamu, yHumbigasi ckopocmb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u
1.75 m/c
Tabena 11 — CumynayuoHu pe3ynmamu y cekyHOama 3a mpehu cueHapuo, ca
nugpmosuma u ca npsum u Opyaum 6r1okupaHum yrnasuma/iznasuma , u 3a 6psuHe
cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s

Number of occupants 669 500 400 300 200 100 0

Time for speed of o | 314 | 357 | 416 | 517 | 679 | 915
occupants 0.75 m/s

Time for speed of 0 296 325 384 460 624 742
occupants 1 m/s

Time for speed of 0 264 2946 | 360.9 | 426.7 | 595.2 | 671
occupants 1.25 m/s

Time for speed of 0 2352 | 278.7 336 402 5477 | 627
occupants 1.5 m/s

Time for speed of 0 216 254 304 361 494 565
occupants 1.75 m/s
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Table 12 — Simulation results in seconds for the third scenario, with elevators enabled
and the first and the third entrances/exits blocked and for the occupants’ speeds from
0.75m/s, 1m/s, 1.25 m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 12 — Pe3ynbmambi CUMYIISALUUU, 8bIPaXXeHHbIe 8 CeKyHOax no mpemsemy
cueHapuro, ¢ iugpmamu u ¢ rnepsbiM U mpemsum 3abr10KUpo8aHHbIMU 8xodamu/8bixodamu,
y4yumsbieasi ckopocmb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 12 — CumynayuoHu pe3ynmamu y cekyH0ama 3a mpehu cueHapuo, ca
nugpmosuma u ca npsum u mpehum 6rokupaHum ynasuma/iznasuma, u 3a 6p3uHe
cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s

Number of occupants 669 | 500 400 300 200 100 0
Time for speed of o | 326 | 369 | 428 | 529 | 691 | o927
occupants 0.75 m/s

Time for speed of 0 308 337 396 472 636 754
occupants 1 m/s

Time for speed of 0 276 | 306.6 | 3734 | 439 | 607.2 | 683
occupants 1.25 m/s

Time for speed of 0 248 | 290.7 348 414 | 560.2 | 639
occupants 1.5 m/s

Time for speed of o | 228 | 266 | 316 | 373 | 506 | 577

occupants 1.75 m/s

Table 13 — Simulation results in seconds for the third scenario, with elevators enabled
and the first and the fourth entrances/exits blocked and for the occupants’ speeds from
0.75m/s, 1m/s, 1.25 m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 13 — Pe3ynbmambl CUMYSUUU, 8bIPaXXEHHbIE 8 CEKyHOax o mpemsemy
cueHaputro, ¢ nughmamu U ¢ nepsbIM U YyemeaepmbiM 3ab/10KUPO8aHHbIMU
exodamu/sbixodamu, yHumsigasi ckopocmb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u
1.75 m/c
Tabena 13 — CumynayuoHu pe3ynmamu y cekyHOama 3a mpehu cueHapuo, ca
nugpmosuma u ca npeumM u Yyemepmum b6rI0OKUpaHUM ynasuma/uznasuma, u 3a 6p3uHe
cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s

Number of occupants 669 500 400 300 200 100 0

Time for speed of

occupants 0.75 m/s 0 353 397 453 558.4 | 718.3 | 952.9

Time for speed of 0 | 3344 364 423 500 | 661.6 | 782.1
occupants 1 m/s

Time for speed of 0 304 331 401.8 465 635.6 709
occupants 1.25 m/s

Time for speed of

0 274 318.3 374 440 591 665
occupants 1.5 m/s

Time for speed of 0 | 2547 292 342 | 400.5 532 605
occupants 1.75 m/s
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Table 14 — Simulation results in seconds for the third scenario, with elevators enabled
and the second and the third entrances/exits blocked and for the occupants’ speeds from
0.75m/s, 1m/s, 1.25 m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 14 — Pe3ynbmambl CUMYSUUU, 8bIPaXEHHbIE 8 CEKyHOax rno mpemsemy
cyeHapuro, ¢ nugpmamu U co 8mopbIM U mpembUM 3ab510KUPOBaHHbIMU
exodamu/sbixodamu, yHumbigasi ckopocms xunbuyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u
1.75 m/c
Tabena 14 — CumynayuoHu pesynmamu y cekyHOama 3a mpehu cueHapuo, ca
nugpmosuma u ca Opyaum u mpehum brokupaHum ynasuma/iznasuma, U 3a 6p3uHe
cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s

Number of occupants 669 500 400 300 200 100 0

Time for speed of 0 | 208 | 340 | 400 | 500 | 663 | 899
occupants 0.75 m/s

Time for speed of 0 281 310 369 445 609 727
occupants 1 m/s

Time for speed of 0 249 279.6 | 3459 | 411.7 | 579.8 656
occupants 1.25 m/s

Time for speed of 0 220.2 | 263.7 | 320.5 387 531.2 612
occupants 1.5 m/s

Time for speed of 0 201 240.4 | 290.2 | 3455 479 550
occupants 1.75 m/s

Table 15— Simulation results in seconds for the third scenario, with elevators enabled
and the second and the fourth entrances/exits blocked and for the occupants’ speeds
from 0.75 m/s, 1 m/s, 1.25 m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 15 — Pe3yribmambi CUMYAUUU, 8bIPaXXeHHbIe 8 CEKyHOax o mpembsemMy cUeHapuro,
C Jlugbmamu u co 8mopbIM U HemeepmbiM 3abr10KUpO8aHHbIMU 8xodamu/ebixodamu,
y4umsigasi ckopocma xunbyos: 0.756 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 15 — CumynayuoHu pe3ynmamu y cekyH0ama 3a mpehu cueHapuo, ca
nugpmosuma u ca Opyeum u yemepmum b6r10KuUpaHUM ynasuma/iznasuma, u 3a 6p3uHe
cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s

Number of occupants 669 | 500 400 300 200 100 0

Time for speed of

occupants 0.75 m/s 0 337 380 439 541.5 702 938

Time for speed of 0 319 348 407 483 647 765
occupants 1 m/s

Time for speed of 0 287 | 317.6 | 385.7 450 618.2 | 694
occupants 1.25 m/s

Time for speed of 0 259 302 359 426.2 574 650
occupants 1.5 m/s

Time for speed of 0 239 | 278.3 327 384 517 588
occupants 1.75 m/s
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Table 16 — Simulation results in seconds for the third scenario, with elevators enabled
and the third and the fourth entrances/exits blocked and for the occupants’ speeds from
0.75m/s, 1m/s, 1.25 m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 16 — Pe3yribmambi CUMYIISILUU, 8bIPaXXeHHbIe 8 CEKyYHOax o mpembsemMy CUeHapuio,
C flugbmamu u ¢ mpembUumM U YemeepmbiM 3abr10KUpO8aHHbIMU 8xo0amu/8bixodamu,
yuumsigasi ckopocmab xurnbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 16 — CumynayuoHu pe3ynmamu y cekyH0ama 3a mpehu cueHapuo, ca
nugpmosuma u ca mpehum u yemepmum 6r10KUpaHuUM ynasuma/iznasuma, U 3a 6p3uHe
cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s

Number of occupants 669 500 400 300 200 100 0

Time for speed of 0 346 390.5 448 551 711 947
occupants 0.75 m/s

Time for speed of 0 328 358.4 416 493 656 775.3
occupants 1 m/s

Time for speed of 0 297.4 325 394 459 628 703
occupants 1.25 m/s

Time for speed of 0 268 311 368 434 | 584.3 659
occupants 1.5 m/s

Time for speed of 0 248 286 335.8 393 526 598.3
occupants 1.75 m/s

Table 17 — Simulation results in seconds for the third scenario, with elevators disabled
and the first and the second entrances/exits blocked and for the occupants’ speeds from
0.75m/s, 1m/s, 1.25m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 17 — Pe3ynbmambl CUMYSUUU, 8bIPaXEHHbIE 8 CEKyHOax rno mpemsemy
cueHaputro, be3 nugma u ¢ nepebiM U 8MopbIM 3abIOKUPO8aHHbIMU 8xodamu/8bixodamu,
yqumsieasi ckopocms xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 17 — CumynayuoHu pesynmamu y cekyHOama 3a mpehu cueHapuo, 6e3
niugbmosa u ca npsum u Opyeum brioKUpaHUM ynasuma/iznasuma, u 3a 6p3uHe
cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1.5 m/s u 1,75 m/s

Number of occupants 669 [ 500 400 300 200 100 0

Time for speed of

occupants 0.75 m/s 0 366 410.4 570 569 731 966

Time for speed of 0 348 3775 436 511.9 676 794
occupants 1 m/s

Time for speed of 0 316 | 346.6 | 413.34 | 479 648 723
occupants 1.25 m/s

Time for speed of 0 288 331.6 388 454 600 679
occupants 1.5 m/s

Time for speed of 0 268 306 356.11 413 546 617
occupants 1.75 m/s
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Table 18 — Simulation results in seconds for the third scenario, with elevators disabled
and the first and the third entrances/exits blocked and for the occupants’ speeds from
0.75m/s, 1m/s, 1.25 m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 18 — Pe3yribmambi CUMYIISILUU, 8bIPaXXEHHbIe 8 CEKYHOax rno mpembsemMy CUEeHapUio,
6e3 niugpma u ¢ epsbiM U mpembUMM 3ab510KUPO8aHHbIMU 8X00aMu/8bixo0amMu, yHuUMmbIeast
ckopocmb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 18 — CumynayuoHu pe3ynmamu y cekyHOama 3a mpehu cueHapuo, 6e3
nugpmosa u ca npeum u mpehum 6rokupaHum ynasuma/iznasuma, u 3a bp3uHe
cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s

Number of occupants 669 500 400 300 200 100 0

Time for speed of 0 | 37745 | 420 479 580 742 977
occupants 0.75 m/s

Time for speed of 0 359 388 447 523 687.4 805
occupants 1 m/s

Time for speed of 0 327 358 424 .4 425 659 734.7
occupants 1.25 m/s

Time for speed of 0 | 299.11 | 3417 399 465 | 611.2 | 691.3
occupants 1.5 m/s

Time for speed of 0 279 316.7 367 424 557 628
occupants 1.75 m/s

Table 19 — Simulation results in seconds for the third scenario, with elevators disabled
and the first and the fourth entrances/exits blocked and for the occupants’ speeds from
0.75m/s, 1m/s, 1.25m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 19 — Pe3yribmambi CUMYISILUU, 8bIPaXXEHHbIe 8 CEKyHOax rno mpembsemMy CUeHapUro,
6e3 niugpma u ¢ repebIM U YHemeepmbIM 3abrI0KUPOBaHHBIMU 8Xx00aMu/8bixo0amu, yHUmbI8ast
ckopocmb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 19 — CumynayuoHu pe3ynmamu y cekyHOama 3a mpehu cueHapuo, 6e3
niugbmoea u ca npsum u Yyemespmum 6r10KUpaHUM ynasuma/iznasuma, U 3a 6p3uHe
cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s

Number of occupants 669 500 400 300 200 100 0

Time for speed of 0 | 4034 | 447 503 | 608.4 | 768.3 | 1003
occupants 0.75 m/s

Time for speed of

0 384.4 | 414.56 473 550 711.6 | 832.1
occupants 1 m/s

Time for speed of 0 354 383.1 | 451.8 | 516.67 | 685.6 759
occupants 1.25 m/s

Time for speed of 0 325 368.3 424 | 49134 | 641 715
occupants 1.5 m/s

Time for speed of 0 | 3047 342 3925 | 450.5 582 | 655.33
occupants 1.75 m/s
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Table 20 — Simulation results in seconds for the third scenario, with elevators disabled
and the second and the third entrances/exits blocked and for the occupants’ speeds from
0.75m/s, 1m/s, 1.25 m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 20 — Pe3yribmambi CUMYTSLUUU, 8bIPaXXeHHbIe 8 CEKyHOax rno mpembsemMy CUeHapuio,
6e3 nnugpma u co 8mopbIM U mpembUM 3abrioKUpPO8aHHbLIMU 8x00aMu/8bixo0amu, yHumbIeast
ckopocmb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 20 — CumynayuoHu pesynmamu y cekyHOama 3a mpehu cueHapuo, 6e3
nugpmosa u ca Opyaum u mpehum 6rokupaHum ynasuma/diznasuma, u 3a bp3uHe
cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s

Number of occupants 669 500 400 300 200 100 0

Time for speed of 0 347 390.66 | 449 549 711.71 | 948.2
occupants 0.75 m/s

Time for speed of 0 | 330.34 | 359.67 | 418 | 493.98 658 777
occupants 1 m/s

Time for speed of 0 298 3286 | 3949 | 4615 | 628.8 | 705.29
occupants 1.25 m/s

Time for speed of 0 269.2 | 312.7 | 369.5 436 580.2 661
occupants 1.5 m/s

Time for speed of 0 | 25112 | 289.4 | 339.2 | 394.5 | 529.45 599
occupants 1.75 m/s

Table 21 — Simulation results in seconds for the third scenario, with elevators disabled
and the second and the fourth entrances/exits blocked and for the occupants’ speeds
from 0.75 m/s, 1 m/s, 1.25 m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 21 — Pe3yribmambi CUMYISUUU, 8bIPaXXEHHbIE 8 CEKYHOax o mpembsemMy CUeHapuro,
6e3 nugpma u co 8mopbIM U HemeepmbiM 3abIIOKUpPO8aHHbIMU 8xo0amu/ebixodamu, y4umbieast
ckopocmb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 21 — CumynayuoHu pe3ynmamu y cekyHOama 3a mpehu cueHapuo, 6e3
nugpmoea u ca dpyaum u Hemespmum br1oKUpaHUM yrasuma/isnasuma, U 3a 6p3uHe
cmanapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s

Number of occupants 669 500 400 300 200 100 0

Time for speed of 0o | 383 | 428 | 487 590 750 | 989
occupants 0.75 m/s

Time for speed of 0 368 396 455 531 695 813
occupants 1 m/s

Time for speed of 0 335.7 364 | 434.29 498 667 742
occupants 1.25 m/s

Time for speed of 0 | 307.56 | 350 407 4742 622 698
occupants 1.5 m/s

Time for speed of 0 287.2 | 326.3 | 376.06 | 432.22 | 566.45 | 636
occupants 1.75 m/s
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Table 22 — Simulation results in seconds for the third scenario, with elevators disabled
and the third and the fourth entrances/exits blocked and for the occupants’ speeds from
0.75m/s, 1m/s, 1.25 m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 22 — Pe3yribmambi CUMYIISILUU, 8bIPaXXEHHbIe 8 CEKyYHOax rno mpembsemMy CUeHapuio,
6e3 nugpma u ¢ mpembum U YemaepmbiM 3abIOKUPOBaHHbIMU 8xo00amu/8bixodamu,
yuumsigasi ckopocma xurnbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 22 — CumynayuoHu pe3ynmamu y cekyHOama 3a mpehu cueHapuo, 6e3
nugpmosa u ca mpehum u yemepmum 6rioKupaHum ynasuma/iznasuma, u 3a 6p3uHe
cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s

Number of occupants 669 500 400 300 200 100 0
Time for speed of 0 393.23 438 496.6 599.3 758 995.27
occupants 0.75 m/s

Time for speed of 0 3749 | 405.37 | 463.78 | 541.12 703 822.3
occupants 1 m/s

Time for speed of 0 344 .4 372.3 441 506 674.88 | 750.31
occupants 1.25 m/s

Time for speed of 0 317 358 415 481 631.3 | 707.3

occupants 1.5 m/s

Time for speed of 0 | 2966 | 335 | 3828 | 440 573 | 645.3
occupants 1.75 m/s

Table 23 — Simulation results in seconds for the fourth scenario, with elevators enabled
and the first entrance/exit opened, while the second, the third and the fourth
entrances/exits are blocked, and for the occupants’ speeds from 0.75 m/s, 1 m/s, 1.25
m/s, 1.5 m/s, and 1.75 m/s
Tabnuuya 23 — Pe3ynbmambl cUMynsyuU, 8bipaxeHHble 8 ceKyHdax no 4yemeepmomy
cueHapuro, ¢ niugpmamu u ¢ nepsbiM OMKpPbIMbIM 8X000M/8bIXO00M, 8 MO 8peMs KaK
emopot, mpemud u yemeepmaili 8x00bi/8b1Xx00bI 3ab510KUPO8aHbI, y4Uumbigasi CKOpoCcMmb
xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 23 — CumynayuoHu pe3ysimamu y cekyH0ama 3a Yemepmu cuyeHapuo, ca
nugbmosuMa U ca npeuM omeopeHUM yrna3omAiznasom, ok cy dpyeu, mpehu u
yemepmu yna3su/3snasu brokupaHu, u 3a bpauHe cmaxapa: 0,75 m/s, 1 m/s, 1,25 m/s,
1,5m/su 1,75 m/s

Number of occupants 669 500 400 300 200 100 0

Time for speed of 0 | 4436 | 6783 | 9159 | 1150.7 | 1388.3 | 1623
occupants 0.75 m/s

Time for speed of

0 322 496.5 672 846.3 | 1021.8 | 1198.3
occupants 1 m/s

Time for speed of

occupants 1.25 m/s 0 310 470 620 780 834 992

Time for speed of 0 304 | 4326 594 700 800 900
occupants 1.5 m/s

Time for speed of 0 274 373.4 | 4749 | 5855 689 794
occupants 1.75 m/s

165

Jevti¢, R., Safety in residential buildings - evacuation from residential buildings without fire escape stairs, pp.148-178



’z‘ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2021, Vol. 69, Issue 1

Table 24 — Simulation results in seconds for the fourth scenario, with elevators enabled
and the second entrance/exit opened, while the first, the third and the fourth
entrances/exits are blocked, and for the occupants’ speeds from 0.75 m/s, 1 m/s, 1.25
m/s, 1.5 m/s, and 1.75 m/s
Tabrnuya 24 — Pe3ynbmambl CUMYISUUU, 8bIPaXEHHbIEe 8 CeKyHOAax o yemeepmomy
cueHaputro, ¢ iuchmamu U co 8mopbiM OMKPbIMbIM 8X000M/8bIXOO0M 8 MO 8PEMST KaK
nepebil, mpemut u yemeepmabili 8xX00bl/8bix00bI 3ab51I0KUPOBaHbI, yHUMbI8asi CKOPOCMb
xunbuyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 24 — CumynayuoHu pesynmamu y cekyHO0ama 3a Yemepmu cuyeHapuo, ca
nugbmosuma u ca OpyauMm 0meopeHuUM yra3omAisnasom, QoK cy npsu, mpehu u
yemepmu yna3su/iznasu briokupaHu, u 3a bpauHe cmaxapa: 0,75 m/s, 1 m/s, 1,25 m/s,
1,5m/su 1,75 m/s

Number of occupants 669 500 400 300 200 100 0
Time for speed of 0 | 4832 | 7188 | 949.6 | 1183 | 1414.3 | 16465
occupants 0.75 m/s

Time for speed of o | 335 | 515 | 694 | 869 | 10446 | 1220.3
occupants 1 m/s

Time for speed of 0 | 286 | 426.4 | 566.8 | 707.8 | 849.1 | 988.6
occupants 1.25 m/s

Time for speed of 0 | 263 | 4045 | 5316 | 651.7 | 7726 | 890.3
occupants 1.5 m/s

Time for speed of 0 | 2423 | 3552 | 4632 | 569.8 | 6757 | 780.2
occupants 1.75 m/s

Table 25 — Simulation results in seconds for the fourth scenario, with elevators enabled
and the third entrance/exit opened, while the first, the second and the fourth
entrances/exits are blocked, and for the occupants’ speeds from 0.75 m/s, 1 m/s, 1.25
m/s, 1.5 m/s, and 1.75 m/s
Tabnuua 25 — Pe3ynbmambl CUMyISIUUU, 8bIPaXXeHHbIE 8 CeKyHAax o 4emeepmomy
cueHaputro, ¢ iugpmamu U ¢ mpembUM OMKPbIMbIM 8X000M/8bIXOO0M, 8 MO 8PEMST KaK
nepsabIll, 8mopol u Yyemeepmbili 8x00bI/8b1X00bI 3ab/10KUPO8aHhbI, y4UMmbi8asi CKOPOCMb
xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 25 — CumynayuoHu pesynmamu y cekyHdama 3a yemapmu cyeHapuo, ca
nugpmosuma u ca mpehum omeopeHUM yra3om/i3na3om, OOK cy rnpsu, dpyau u
yemepmu yna3u/i3nasu 6rnokupaHu, u 3a 6p3uHe cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s,
1,5m/su 1,75 m/s

Number of occupants 669 500 400 300 200 100 0

Time for speed of 0

443.7 680 917.6 | 1152.5 | 1390.2 | 1623.6
occupants 0.75 m/s

Time for speed of 0 | 3366 | 510 | 686 | 8616 | 10365 | 1204.7
occupants 1 m/s

Time for speed of 0

264.8 400 540.8 681.4 823.4 962.8
occupants 1.25 m/s

Time for speed of

0 2474 | 3875 | 519.6 | 6414 763.7 884.5
occupants 1.5 m/s

Time for speed of 0 | 2413 | 3517 | 460 | 565.3 | 669.6 800
occupants 1.75 m/s
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Table 26 — Simulation results in seconds for the fourth scenario, with elevators enabled
and the fourth entrance/exit opened, while the first, the second and the third
entrances/exits are blocked, and for the occupants’ speeds from 0.75 m/s, 1 m/s, 1.25
m/s, 1.5 m/s, and 1.75 m/s
Tabrnuya 26 — Pe3ynbmambl CUMYSUUU, 8bIPaXEHHbIe 8 CeKyHOAax o yemeepmomy
cyeHapuro, ¢ nugpmamu U ¢ 4emeepmbIM OMKPbLIMbIM 8X000M/8bIXOO0M, 8 MO 8PEMST KaK
nepebitl, emopoli u mpemut 8xo0bl/8bix00bl 3ab/I0KUPO8aHbI, y4UMbI8asi CKOPOCMb
xunbuyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 26 — CumynayuoHu pesynmamu y cekyHO0ama 3a Yemepmu cuyeHapuo, ca
Jiugbmosuma u ca YemepmMuM OMEOPEeHUM yria3om/Aizna3om, OOK Cy npeu, dpyau u
mpehu ynasu/uiznasu 6rokupaHu, u 3a 6psuHe cmaHapa: 0,756 m/s, 1 m/s, 1,25 m/s, 1,5
m/su 1,75 m/s

Number of occupants 669 500 400 300 200 100 0
Time for speed of 0o | 446 | 677 | 910 | 1145 | 1376.9 | 16036
occupants 0.75 m/s

Time for speed of 0 332 509.6 709 857.6 | 1032.1 1206
occupants 1 m/s

Time for speed of 0 320 487 683 832 992 1132
occupants 1.25 m/s

Time for speed of 0 302 457 588.4 | 7145 | 836.6 953.7
occupants 1.5 m/s

Time for speed of 0 | 2954 | 406.7 | 539.5 | 6486 | 754.7 860

occupants 1.75 m/s

Table 27 — Simulation results in seconds for the fourth scenario, with elevators disabled
and the first entrance/exit opened, while the second, the third and the fourth
entrances/exits are blocked, and for the occupants’ speeds from 0.75 m/s, 1 m/s, 1.25
m/s, 1.5 m/s, and 1.75 m/s
Tabnuua 27 — Pe3ynbmambl CUMYISIUUU, 8bIPaXXeHHbIE 8 CeKyHAax o 4emeepmomy
cueHapuro, 6e3 nugma u ¢ rnepsebiM OMKPbIMbIM 8X000M/8bIX000M, 8 MO 8pPeEMS KaK
emopot, mpemud u yemeepmnil 8x00bl/8b1X00bI 3ab/10KUPOB8aHbI, y4UMbI8asi CKOPOCMb
xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 27 — CumynayuoHu pesynmamu y cekyHOama 3a yemspmu cuyeHapuo, 6e3
nugpmosa u ca npeuM 0mMeEopPeHUM yna3om/iznasom, 00K cy Opyau, mpehu u yemepmu
ynasu/i3na3u 6rokupaHu, u 3a 6psuHe cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u
1,75 m/s

Number of occupants 669 500 400 300 200 100 0

Time for speed of 0 | 5503 | 787 | 1021.9 | 1257.4 | 14935 | 1729.3
occupants 0.75 m/s

Time for speed of

0 428 602 778.5 953 1126.9 1302
occupants 1 m/s

Time for speed of

0 416.1 576 | 726.54 | 885.3 940 1099.3
occupants 1.25 m/s

Time for speed of

0 410.32 | 538 701.5 806.4 906.2 1006
occupants 1.5 m/s

Time for speed of 0 | 3805 | 480 | 580.9 | 6934 | 795 | 900.02
occupants 1.75 m/s
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Table 28 — Simulation results in seconds for the fourth scenario, with elevators disabled
and the second entrance/exit opened, while the first, the third and the fourth
entrances/exits are blocked, and for the occupants’ speeds from 0.75 m/s, 1 m/s, 1.25
m/s, 1.5 m/s, and 1.75 m/s
Tabrnuya 28 — Pe3ynbmambl CUMYSUUU, 8bIPaXEHHbIe 8 CeKyHOAax o yemeepmomy
cyeHapuro, 6e3 fiugpma u co 8mMopPbIM OMKPbLIMbIM 8X000M/8bIXO00M, 8 MO 8PEMST KaK
nepebil, mpemut u yemeepmaili 8X00bl/8bix00bI 3ab51I0KUPOBaHbI, yHUMbI8asi CKOPOCMb
xunbuyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 28 — CumynayuoHu pesynmamu u cekyH0ama 3a Yemepmu cueHapuo, 6e3
nugbmoesa u ca OpyaumM OmeopeHUM yra3om/iznasom, Aok cy npsu, mpehu u yemepmu
ynasu/snasu brokupaHu, u 3a bpauHe cmaxapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u

1,75 m/s
Number of occupants 669 500 400 300 200 100 0
Time for speed of 0 | 547 781 | 1019.9 | 1255 | 1493 | 1727
occupants 0.75 m/s
Time for speed of 0 | 4262 | 600 776 951 | 1126 | 1303.5
occupants 1 m/s
Time for speed of 0 | 41334 | 5747 | 7234 | 882.4 | 938.4 | 1096.71
occupants 1.25 m/s
Time for speed of 0 408 | 539.17 | 699.8 | 804 904 | 1003.4
occupants 1.5 m/s
Time for speed of 0 378 | 476.6 579 890 793 898

occupants 1.75 m/s

Table 29 — Simulation results in seconds for the fourth scenario, with elevators disabled
and the third entrance/exit opened, while the first, the second and the fourth
entrances/exits are blocked, and for the occupants’ speeds from 0.75 m/s, 1 m/s, 1.25
m/s, 1.5 m/s, and 1.75 m/s
Tabnuua 29 — Pe3ynbmambl cCUMyisiUuu, 8blPaXxeHHbIe 8 CeKyHdax ro 4emeepmomy
cueHaputro, b6e3 nugma u ¢ mpembUM OMKPbIMbIM 8XO00M/8bIXO00M, 8 MO 8PEMS Kak
nepsabIli, 8mopol u Yyemeepmbili 8x00bI/8b1X00bI 3ab/10KUPO8aHhbI, y4UMmbi8asi CKOPOCMb
xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 29 — CumynayuoHu pesynmamu y cekyHOama 3a yemspmu cuyeHapuo, 6e3
nugpmosa u ca mpehum omeopeHuMm yna3om/izna3om, 00K cy npsu, Opyau u yemepmu
ynasu/i3na3u 6nokupaHu, u 3a 6psuHe cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u

1,75 m/s
Number of occupants | 669 500 400 300 200 100 0

Time for speed of

occupants 0.75 m/s 0 545.02 781.4 1018.6 1254 1492 1725
Time for speed of

occupants 1 m/s 0 438 612.11 787 963.9 1137 1305
Time for speed of

occupants 1.25 m/s 0 365.16 | 500.31 | 643.2 787 925 1064.8
Time for speed of

occupants 1.5 m/s 0 349 489 621.7 743 867.5 986
Time for speed of

occupants 1.75 m/s 0 343.6 453 561 667.8 771 902.3
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Table 30 — Simulation results in seconds for the fourth scenario, with elevators disabled
and the fourth entrance/exit opened, while the first, the second and the third
entrances/exits are blocked, and for the occupants’ speeds from 0.75 m/s, 1 m/s, 1.25
m/s, 1.5 m/s, and 1.75 m/s
Tabnuya 30 — Pe3ynbmambl CUMYSUUU, 8bIpaXeHHbIe 8 CeKyHOAax o yemeepmomy
cuyeHapuro, b6e3 nugma u ¢ HemasepmbiM OMKPbIMbIM 8X000M/8bIXO00M, 8 MO 8PEMS KaK
nepebitl, emopoli u mpemut 8xo0bl/8bix00bl 3ab/I0KUPO8aHbI, y4UMbI8asi CKOPOCMb
xunbuyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c
Tabena 30 — CumynayuoHu pesynmamu y ceKyHOoama 3a Yemepmu cueHapuo, 6e3
niughmosa u ca 4emepmuM OMBOPEeHUM yria3om/Ai3ria3om, OOK Cy rpsu, Opyau u mpehu
ynasu/iznasu brokupaHu, u 3a bpauHe cmaxapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u

1,75 m/s
Number of occupants 669 500 400 300 200 100 0
Time for speed of 0 | 5436 | 776.7 | 1009 | 1243 | 1476 | 1702
occupants 0.75 m/s
Time for speed of 0 | 43131 | 608.29 | 808.3 | 955 1130 | 1306.8
occupants 1 m/s
Time for speed of 0 | 41723 | 5876 | 782 931 1091 | 1231.4
occupants 1.25 m/s
Time for speed of 0 | 4015 | 5569 | 688 | 811.3 | 936.24 | 1053
occupants 1.5 m/s
Time for speed of 0 394 | 504.75 | 636.18 | 746 | 850.53 | 959
occupants 1.75 m/s

Results analysis

The realized simulation results for the first scenario (Tables 1 and 2)
have shown that the elevators usage increases the evacuation of the
complete object. The fastest evacuation time was for the occupants’
speed of 1.75 m/s and the elevators enabled (209 seconds, in Table 1),
while the slowest evacuation time was for the occupants’ speed of 0.75
m/s and the elevators disabled (442 seconds, in Table 2). In this
scenario, the occupants left the building via their own entrance/exit.
There were no jams for simulated occupants’ speeds.

The realized simulation results for the second scenario (Tables from
3 to 10) have shown that the fastest evacuation time was realized when
the occupants’ speed was 1.75 m/s, the second entrance/exit blocked
and the elevators enabled (422 seconds, in Table 4). The slowest
evacuation time was realized when the occupants’ speed was 0.75 m/s,
the fourth entrance/exit blocked and the elevators disabled (893 seconds,
in Table 10). In this scenario, the occupants from the building with the
blocked entrance/exit had to use the building roof terraces to reach the
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nearest stairs that lead to the open entrance/exit. There were no jams for
the simulated occupants’ speeds. Some simulation scenes from the
second scenario are presented in Figure 3 (a and b).

a) b)

Figure 3. Simulation scene for the second scenario where the first entrance/exit was
blocked and the elevators were enabled and for the occupants’ speeds of 1 m/s (a) and
the simulation scene for the second scenario where the fourth entrance/exit was blocked

and the elevators were disabled and for the occupants’ speeds of 0.75 m/s (b)

Puc. 3 — ViMumayuoHHbIe CuyeHbl Mo 8MOPOMY CUEHapUIo, 8 KOMOPOM NepsbIl
8x00/8bIx00 3abrioKuUposaH U ecmb JIUGhmbl, y4umsieasi cKopocms xunbyos: 0.75 m/c, 1
m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c (a), u umumayuoOHHbIE CUEHbI MO 8MOPOMY CUEHapUIo, 8
Komopom Yyemeepmbili 8x00/8bix00 3abrioKUpo8aH U Hem fugpma, y4umsbieasi CKopocmb

xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c (6)

Cnuka 3 — CumynayuoHe cuyeHe u3 dpyeoe cueHapuja 20e je npsu ynas/3zna3 61okupaH
u ca nugpmosuma u 3a bp3uHe cmarapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s
(a), u cumynayuoHe cuyeHe u3 Opyzoe cuyeHapuja 2de je yemspmu yna3/u3na3 61okupaH
u 6e3 nugpmosa, u 3a 6p3uHe cmaHapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,5 m/s u 1,75 m/s (6)

The realized simulation results for the third scenario (Tables from 11
to 22) have shown that the fastest evacuation time was realized when the
occupants’ speed was 1.75 m/s, the second and the third entrances/exits
blocked and the elevators enabled (550 seconds, in Table 14). The
slowest evacuation time was realized when the occupants’ speed was
0.75 m/s, with the first and the fourth entrances/exits blocked and the
elevators disabled (1003 seconds, in Table 19). In this scenario, the
occupants from the buildings with the blocked entrances/exits had to use
the building roof terraces to reach the nearest stairs that lead to the open
entrance/exit. The simulations showed that jams can occur, mostly for
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the occupants’ speed of 0.75 m/s and 1.25 m/s. Some simulation scenes
from the third scenario are presented in Figure 4 (a and b).

Figure 4 — Simulation scene for the third scenario where the first and the second
entrances/exits were blocked and the elevators were enabled and for the occupants’
speeds of 1.25 m/s (a) and a simulation scene for the third scenario where the third and
the fourth entrances/exits were blocked and the elevators were disabled and for the
occupants’ speeds of 1.5 m/s (b)

Puc. 4 — UmumayuoHHbIe cueHbl o mpembeMy cueHaputo, 8 KOmopom nepebill u
8mopoli 8x00bl/8bix00bl 3abrIOKUpO8aHbl U eCmb flU¢hmebl, y4UMmbigasi CKopocmb
xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 M/c (a) u umumayuoHHbIe CUEHbI M0
mpembeMy cueHapuro, 8 KOmopoM mpemul u 4emeepmabil 8X00bl/8biIX00bI
3abriokuposaHbl U Hem nughma, y4umelgas ckopocmsb xunbyos: 0.75 m/c, 1 m/c, 1.25
m/c, 1.5m/cu 1.75 m/c (6)

Cnuka 4 — CumynayuoHe cuyeHe u3z mpehee cueHapuja 20e cy npsu u Opyau
ynasu/usnasu 6rokupaHu u ca nugpmosuma u 3a 6p3uHe cmarapa: 0,75 m/s, 1 m/s, 1,25
m/s, 1,6 m/s u 1,75 m/s (a), u cumynayuoHe cueHe u3 mpehea cueHapuja, 20e cy mpehu
u Yyemspmu ynasu/iznasu 6rokupaHu u 6e3 nugpmosa, u 3a 6p3uHe cmarapa: 0,75 m/s,

1m/s, 1,26 m/s, 1,5 m/s u 1,75 m/s (6)

The realized simulation results for the fourth scenario (Tables from
23 to 30) have shown that the fastest evacuation time was realized when
the occupants’ speed was 1.75 m/s, the first entrance/exit opened and
the second, the third and the fourth entrances/exits blocked and the
elevators enabled (794 seconds, in Table 23). The slowest evacuation
time was realized when the occupants’ speed was 0.75 m/s; with the first
entrance/exit opened, and with the second, the third and the fourth
entrances/exits blocked and the elevators disabled (1729.3 seconds, in
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Table 27). In this scenario, the occupants with the blocked
entrances/exits had to use the building roof terraces to reach the nearest
stairs that lead to the single open entrance/exit. The simulations showed
that jams can occur, mostly for the occupants’ speed of 0.75 m/s. The
simulations showed that jams in this scenario can occur and that these
jams can be significant, for every occupants’ speed from 0.75 m/s to 1.75
m/s. Some simulation scenes from the fourth scenario are presented in
Figure 5 (a and b).

a) b)

Figure 5 — Simulation scene for the fourth scenario where the fourth entrance/exit was
opened while other entrances/exits were blocked, the elevators enabled and for the
occupants’ speeds of 0.756 m/s (a) and a simulation scene for the fourth scenario where
the second entrance/exit was opened while other entrances/exits were blocked, the
elevators disabled and for the occupants’ speeds of 1.75 m/s (b)

Puc. 5 — iMumauuoHHbIie cueHbl Mo 4emeepmomy CUeHapuro, 8 KOmopom yemeepmell
8x00/8bIX00 OMKPbLIM, @ 0cMaribHble 8X00bl/8bIX00bl 3ab/I0KUPO8aHbI U €Cmb 1UGME,
yyumsigasi ckopocmb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c (a) u
uMUMayUOHHbIe CUEHbI 8x00bl/8bIx00bI 3abI0KUpOBaHb! U Hem fiughma, y4umeieas
ckopocmsb xunbyos: 0.75 m/c, 1 m/c, 1.25 m/c, 1.5 m/c u 1.75 m/c (6)

Crniuka 5 — CumynayuoHe cuyeHe u3 4emepmoe cuyeHapuja 0e je yemepmu yna3/sna3s
omeopeH, 00K cy ocmanu ynasu/diznasu bsokupaHu, ca iugpmosuma u 3a 6p3uHe
cmanapa: 0,75 m/s, 1 m/s, 1,25 m/s, 1,6 m/s u 1,75 m/s (a), u cumynayuoHu
ynasu/isnasu bnokupaHu, 6e3 nugpmosa, u 3a 6psuHe cmanHapa: 0,75 m/s, 1 m/s, 1,25
m/s, 1,5 m/su 1,75 m/s (6)

The realized simulations have shown that times needed for an
evacuation increased depending on the number of blocked
entrances/exits and on whether the elevators were used or not. In reality,
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many of potential evacuation situations imply that elevators are not used
and that was the main reason why every of four scenarios was analysed
with enabled and disabled elevators. The factors that are important for
elevators usage are, most frequently, the floor level where occupants are
located and the acceptable waiting time. Experience and research have
shown that higher locations in residential buildings are more likely to
imply elevator usage than usage of ordinary or emergency stairs. It is
also important to note that the acceptable waiting time increases
according to the height of the floor level (Kinateder et al, 2014).

One very important factor that has a great influence on the
evacuation time is panic. Panic causes fearful and chaotic behaviour
which is, most frequently, demonstrated with an increase of speed of
occupants. This speed increment results in crowds and jams that can be
very unpredictable and very hard to solve. It means that the evacuation
time can be significantly extended, which the simulation results proved.

It is also important to note that, in reality, every occupant has his/her
own speed, while in the simulation all occupants had the same speed.
Also, in reality, occupants’ personal characteristics are very different and
can affect the overall evacuation time and cause problems in the crowd
(Kady & Davis, 2009), (Jevti¢, 2019b).

Disccussion

The usage of simulation software for simulating the evacuation in
high-rise buildings is becoming more frequent and more extensive. The
main reasons for that are: increase of safety in order to protect as many
human lives as possible; increasingly frequent construction of high-rise
buildings with a huge number of occupants; prediction and determination
of optimal evacuation routes; prediction of potential occupants’
behaviors, etc.

There are many residential buildings with and without emergency
stairs. Very often, emergency stairs in residential buildings can be
useless because of many reasons (fire, earthquake, smoke, jams, etc.)
so that the only way to the exit is via ordinary stairs and elevators. As it
has been noted before, the usage of elevators in many crises that need
evacuation, such as fires or earthquakes, is not recommended. It does
not mean that elevators should not be used at all but that there is a
significant risk if they are used. This is a very important reason why
evacuation simulations should be considered for cases with and without
elevators usage. In some situations that can occur in high residential
buildings or other objects with a significant presence of immobile
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persons, it is almost impossible to realize evacuation without elevators
usage. The obtained results confirmed that the evacuation times were
shorter in the cases where the elevators were enabled.

One very important factor in every evacuation is a so-called ,human
factor”. This factor presents a very complex factor in sense of prediction
and calculation. For example, people will not behave in the same way
individually and in a group. During evacuation, parents will always tend to
run towards their children which can significantly complicate the
evacuation. Frequently, occupants in high residential buildings in disaster
cases show apathetic behavior and non-acceptance of obvious facts.
Taking ino account many important factors related to occupants in
simulations (occupants physical dimensions, occupants’ reduction factor,
occupant comfort distance, occupants slow factor, speed, and many
others) presents a very important task that demands knowledge from
different sciences and disciplines.

The obtained simulation results were in the range of the obtained
simulation results in similar cases. It is a very good and accurate way to
compare the obtained simulation results with calculated results and
experimental results, since it is not always possible to carry out such
experiments in reality (Ding et al, 2017), (Poon, 1994), (Kasereka et al,
2018), (Rozo et al, 2019), (Xing & Tang, 2012).

Conclusion

The results obtained in this paper have shown the maximum
evacuation times in a building without emergency stairs with and without
elevators usage. In reality, it is unlikely that, for example, all three
entrances/exits are blocked, maybe only in case of a huge fire or a huge
earthquake. However, it is very important to predict as many evacuation
scenarios as possible and calculate adequate evacuation times.

Calculation of evacuation time and prediction of the best evacuation
route presents a very complex and responsible task. Very often, it is
almost impossible to predict every potential situation than can occur
during evacuation. Because of that reason, usage of simulation software
presents a very good, effective, cheap, and safe way for predicting
potential evacuation situations in many different objects, which gives this
topic great importance and motivation in order to save human lives and
material properties. The main contributions of this paper are in its
potential to determine optimal evacuation routes and calculate
evacuation times in high buildings with or without emergency stairs,
taking into consideration the influence of many different mentioned
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factors that can affect the evacuation progress and complete the
evacuation epilogue.

Future investigations will relate to a simulation of evacuation with the
presence of immobile persons of varying degrees of immobility, a
simulation of evacuation via spiral staircases, a simulation of evacuation
under different conditions, etc.

The usage of simulation software for the prediction and calculation
of optimal evacuation routes can significantly improve the procedures
and strategies of evacuation from some specific objects such as
residential buildings.
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MNMOXAPHAA BE3OTNACHOCTbL >KWMbIX 3OAHUN - IBAKYALINA
N3 XKUNbIX 30AHUN BE3 MOXXAPHOW NIECTHULbI

Padoe b. EBTUY

OnekTpoTexHn4Yeckmn TexHnkym «Hukona Tecnay,
r. Hnw, Pecnybnuka Cepbus

PYBPUKA M'PHTU: 67.00.00 CTPOUTENBCTBO. APXUTEKTYPA:
67.53.33 MNpoTmBonoxapHasa 3almrta 3gaHum
COOPY>XeHUM
BWO CTATbW: opurmHanbHasa HayyHas ctaTbs

Pe3some:

BeedeHue/uenb: be3onacHoCmMb 8 B8bICOMHbLIX XXUMbIX 30aHUsIX
sensiemcsi o4eHb 8aXXKHOU U eceala akmyarbHou 3adadel. B criydae
B03HUKHOBEHUSI  HernpedsudeHHbIX U OMacHbIX npoucwecmsud,
Kumnbyos Heobxodumo asakyuposams. [loxapbl, 3eMiempsceHus u
meppopusM — uWb HeKkomopbie u3 makux cumyayul. Ckopocmb
9gaKyayuu U3 8bICOMHbIX Xubix 30aHuUll 3asucum Om MHoXecmea
pasnuyHbIX chakmopos. JsaKyayusi 80 MHO20M YCIIOXHSemcsi, ecru 8
30aHuUsIX Hem ro)apHbiX 1eCMHUL,

Memodbi: B 0aHHOU cmambe rnpuMeHsificss Memod MOJesIUupO8aHUs.
Ha ocHose peanbHO20 obbekma — Xusno20 30aHusi 6bina co3daHa
coomeemcmeyowiasi  UMUumayuoHHasi  Molesib C  [TIOMOWbIO
coomeemcmeyrowiel UMUmayuoHHOU rMpoepamMmaI.

Pesynbmamel: Pe3ynbmambi uccriedosaHusi riokasasnau, 4mo us3
yembipex cuyeHapues Hauboriee Obicmpasi 3eakyauyus ©Obiia npu
ckopocmu xunbyos 1,75 m / ¢c. B nepebix 08yx cuyeHapusix He bbiiio
8bISIB/IEHO HU O00HO20 3amopa, 8 omiu4yue Oom mpembe20 U
4emeepmoz0 cueHapues; 8 mpembeM CUeHapuu CKOpOoCMuU XusbUyoe
cocmasnsanu 0,75 m / ¢ u 1,25 m / ¢, a 8 yemeepmom cueHapuu
cmodenuposaHHbie cKopocmu Xunbyoe cocmasnsnu om 0,75 m/ ¢ 8o
1,75m/c.

Bbigo0hbi: lMpumeHeHue coomeemcmeyruie2o rpoepamMMHO20
obecrieyeHusi 0Orns  MoOernupoeaHuUsi o38osisiem  Obicmpo, MOYHO,
b6e3onacHo U Oeweso paccHumamb 6peMsl 38aKyauuu U MoXem
3HaYuUMeribHO YIy4duwumb MPOUECC U Cmpameauto 38aKyayuu.

Knouesnle crniosa: agakyayusi, 30aHue, modu, modesnuposaHue.

BE3BEAHOCT Y CTAMBEHUM 3IrPAOAMA — EBAKYALINJA
CTAMBEHE 3IrPAE BE3 NMOXAPHNX CTEMEHNLIA

Padoje b. JeBTuh
EnektpoTexHnyka wkona ,Hukona Tecna”, Huw, Penybnuka Cpbuja

OBNACT: 3awTnTa og noxapa
BPCTA UJIAHKA: opyruHanHu Hay4Hu pag
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Caxemak:

Yeodurb: besbedHocm y aucokum cmambeHuM 3epadama rnpedcmasrba
8eoma saxkaH 3adamak. Y criyyajy Heke HerpedsufeHe u onacHe rojase,
cmaHapu mux 3epada Mopajy bumu esakyucaHu. loxap, 3emrbompec u
mepopucmu4Ke akyuje camo Cy Heke 00 makeux cumyauyuja. bp3uHa
esaKyauuje u3 sucoke cmambeHe 32pade 3asucu 00 MHO20 PasfIUYUMuUX
ghakmopa. 3adamak eeakyauuje je rMocebHO mexxak U KOMIIUKO8aH
YKOIMUKO 32pada Hema roxxapHe crmerneHuue.

Memode: Y osom pady kopuwheHa je Mmemoda moderiogar-a. Ha ocHogy
pearsnHoe objekma — cmambeHe 32pade, pearnusosaH je olzosapajyhu
cumyrnauuoHu moden y odzoeapajyhem cumynayloHoM cogpmeepy.

Pesynmamu: Pesynmamu oeoe pada rokaszanu cy 0a je Hajbpxa
esaKyayuja ocmeapeHa 3a ceaku 00 Yemupu cueHapuja npu 6p3uHU
cmaHapa 00 1,75 m/s, ¢ mum Oa 3a npsa 0sa cueHapuja HUCYy
3aberiexkeHuU 3acmoju, anu cy 3a mpehu u Yyemepmu cuyeHapuo 3acmoju
yoyeHu.Haume, y mpehem cuyeHapujy do 3acmoja je dowrno rpu 6p3uHU
cmanapa 00 0,75 m/s u 1,25 m/s, a y yemepmom cueHapujy 3a cee
cumyrnupaHe bp3uHe cmaxapa 00 0,75 m/s 8o 1,75 m/s.

Sakrbyyak: Ynompeba odeoeapajyhes cumynauyuoHoe cogpmeepa

omoeyhaea 6p3o, npeyusHo, 6e36e0HO U jechmuHO u3pavyHasaH-e
€e8aKyaUUOHUX epeMeHa U MOXe 3HamHO roborbwamu esaKyalyuoHe

npouedype u esakyayuoHy cmpameaujy.
KrbyuHe pedu: egakyayuja, 3epada, cmaHapu, cuMmynayuja.
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Abstract:

Introduction/purpose: The process of issuing and retrieving weapons in
the military should be fast enough and should provide immediate
availability of accurate information on the status of weapons.

Methods: This paper deals with the problem of digitizing the recording of
issuing and returning weapons through the use of modern Edge
computing technology. The problem is presented through two
approaches. The first approach is based on the application of machine
learning algorithms for recognizing the serial number of a weapon based
on the camera image, while the second approach concerns the
application of RFID technology. User authentication is based on the
application of biometrics.

Results: The results obtained from testing the architecture for identifying
weapons using a camera indicate that such an architecture is not suitable
for identifying weapons. A weapon identification solution using RFID
technology overcomes the problems of the previously mentioned solution.
However, RFID technology requires additional modifications regarding the
implementation of tags on or into weapons so that readings can be made.

Conclusion: The implemented weapon identification solution based on
RFID technology and a user identification solution with biometric
authentication enables easy and reliable identification, speed of issuing
and retrieval of weapons, network relieving, and real-time monitoring of
the weapon status.

Keywords: image processing, fingerprint, RFID, artificial intelligence,
Internet of Things, Raspberry Pi.

Introduction

The process of issuing and retrieving weapons in the military should
be fast enough and should provide immediate availability of accurate
information on the weapon status. Manual maintaining records of
weapons issuing and returning is slow and error-prone. This approach is
inappropriate for a military organization. Therefore, it is necessary to
develop a system based on state-of-the-art technologies that will enable
rapid and accurate record keeping of the weapon status, as well as
information on when the weapon was taken, returned, and who used the
weapon.

In (Lien, 2011), the author describes the implementation of active
and passive RFID tags in the military to improve accountability and
accuracy. The paper cites its price as one of the advantages of a system
based on RFID tags. On the other hand, in (Nicholls, 2017), the author
describes what would be the advantages and disadvantages of
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implanting RFID tags in military personnel. The authors in (Chattaraj et
al, 2009) see the implementation of RFID tags in traffic control. In terms
of authentication of military personnel, in addition to RFID tags that would
be embedded in them, biometrics can also be applied. Biometrics can be
used for authentication to improve various systems as presented in (Kour
et al, 2016), who see the application of biometrics as the key to the future
of cyber security.

It is necessary first to identify the weapon which has to be issued or
returned. One way to do it is by using a camera as a sensor and the
Optical Character Recognition (OCR) technique. Using the OCR, we can
extract the text or the serial number of the weapon from the image.
Algorithms that allow a text to be read from an image are machine
learning algorithms and fall under the domain of Atrtificial Intelligence (Al).
The authors in (Hanmandlu et al, 2017) used an image of a finger
knuckle for the personnel authentication.

This paper explores the possibility of improving the process of
keeping records of weapons issued and returned. The possibility of
identifying weapons and identifying users is being explored. Weapon
identification is considered by identifying the serial number by processing
the image obtained from the camera as well as processing data from the
RFID sensor in the process of weapon identification. User identification is
considered through the application of one of the biometric techniques,
such as fingerprint identification.

The authors developed an architecture for identifying weapons using
RFID technology and identifying weapons users using fingerprint
recognition. The architecture allows collection and processing of
identification data in real time because processing is performed on the
device itself, where the data is generated.

Material and methods

The problem with weapons identification, in terms of research, can
be classified as the Internet of Things (IoT). The IoT is a term that refers
to connecting various devices to a network. These devices are present at
the edge of the network, where real-time data is generated and
processed. The amount of data generated at the edge of a network can
be large. The architecture where data processing is done on Edge
devices is called Edge computing (Reale, 2017). Edge computing
provides: privacy, delay reduction, data filtering, and pre-processing.

Conversion of a text from paper to a digital text is known as Optical
Character Recognition (OCR). This conversion method has been
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explored for decades (Prajapati et al, 2018). Artificial intelligence is used
for image processing and text recognition, and OCR is one of the
branches of artificial intelligence (Pawar et al, 2019). One of the Al
techniques used for text recognition is the Artificial Neural Network (ANN)
(Prajapati et al, 2018). There are a number of currently implemented
OCR software programs. Common to all software programs currently
developed is that they cannot read every text without making an error. In
the case of a handwritten text, the Intelligent Character Recognition (ICR)
technique is used (SimpleSoftware, 2020). One of the software solutions
that can beused for OCR is the Tesseract engine (Pyimagesearch,
2018).

Radio Frequency Identification (RFID) belongs to a group of short-
range wireless communications. This type of communication is based on
the RFID reader and the RFID tag. The reader emits a radio signal, to
which the tag, if within the range of the reader, responds by sending its
code (tag). Depending on the tag power type, there are a passive reader
(powered by the power it receives from the reader), a semi-passive
reader (has a battery that powers the processor), and an active reader
(has its own power). The frequency bands 125-134.2 kHz and 140-148.5
kHz belong to the LF-Low Frequency readers and their range is less than
0.5 meters. The range 6.775-6.795 MHz belongs to midrange readers.
The high frequency group includes readers with a frequency higher than
13.553 MHz (HF-High Frequency) and their range can go up to one
meter, and if the frequency range 858-930 MHz (UH-Ultra High
Frequency) is used, it can go up to 10 meters. Using self-powered tags
can increase the range of the reader in all operating ranges, and in the
case of using the UHF range, the range can go up to 500 meters
(Electronicsnotes, 2020), (SkyRFIDInc, 2020).

The Fingerprint is one of the biometric recognition techniques and it
can be used for face, iris, voice, or palm recognition (Maltoni et al, 2009).
Technologies which can be used to digitize fingerprints can be grouped
in optical (Frustrated Total Internal Reflection), electrical (capacitive,
thermal, electric field, and piezoelectric), and ultrasound (Maltoni et al,
2009). One of the problems with finger digitization is the storage of a
large number of prints. In order to optimize the memory space needed for
storage, compression mechanisms have been created. The most famous
is Wavelet Scalar Quantization (WSQ). This algorithm was developed by
the FBI, the National Institute of Standards and Technology (NIST), and
the Los Alamos National Laboratory (Thakkar, 2020). Biometric data are
lefton most of the objects people touch. This fact represents one of the
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biggest flaws, which is reflected in the generation of a false fingerprint
(Nogueira et al, 2016).

An Edge computing architecture was proposed in this paper for
research purposes. Edge devices were used to digitize the process of
keeping records of weapons issuing and returning. These devices should
be able to process image and data from RFID and biometric readers.

The Edge device used is the Raspberry Pl 3 (Processor: 64 bits, 4
cores, 1.2GHz; RAM 1 GB) which has 4 USB ports and 40 GPIO pins,
Ethernet, Wi-Fi, Bluetooth. Due to the possibility of connecting a greater
number of different devices and sensors, its small dimensions (85 x 49
mm), price, as well as satisfactory performances, this device was
chosen. The Raspberry Pi Camera (5-megapixel OV5647 sensor) and
Tesseract Engine for OCR and OpenCV software were used to test the
serial number recognition on the image. The NFC-tag (Ntag213) and the
RFID reader RC522 were used to test the possibility of applying RFID
technology.

Results

Two approaches have been used to address the problem of
identification of weapons and keeping their records. The first approach to
solving the problem of identifying a weapon is based on something
possessed by the weapon, while the second approach is based on
something attached to the weapon. In the first approach, a camera was
used to read the existing serial number of the weapon, while in the
second approach, RFID technology was used.

Analysis of proposed solutions

For the purpose of the research, two weapons identification
architectures were created. The architectures are based on a Raspberry
Pi computer, a monitor, and a data acquisition device (camera or RFID
reader), as shown in Figure 1.

A weapon identification architecture that uses a camera to read a
weapon's serial number is shown in Figure 1a. With this architecture, the
user brings in a weapon facing the serial number towards the camera.
After generating the image, the computer processes the image by trying
to identify the serial number of the weapon.

Before testing the image processing from the camera, the
architecture was tested by recognizing the text from the previously
processed image. The aim was to determine whether the Raspberry Pi
could extract a text from the image. During testing, we determined that
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the Raspberry Pi could read a text from an image for 2s to 8s depending
on the image quality. However, the percentage of read characters of the
serial number from the image ranged from 78% to 100%. The whole
serial number recognition rate is 28% of all attempts (75 attempts, 21
serial numbers recognized).

Figure 1 — System architecture: (a) for image testing, (b) for RFID tag processing)
Puc. 1 — CucmemHas apxumekmypa: (a) nposepka uzobpaxeHud, (6) dns obpabomku
RFID-memok
Cnuka 1 — Cucmemcka apxumekmypa, (a) 3a mecmupare criuka, (b) 3a npouecupare
RFID maea

We then tested the reading of the serial number of the weapon from
the image generated by the camera. Figure 2 shows the images of the
weapon serial numbers.

Figure 2 — Weapon serial numbers
Puc. 2 — CepuliHbie HoMepa opyXusi
Cnuka 2 — Cepujcku bpojesu Haopyxarba




The time required to recognize a serial number is greater than that
of the image previously processed and ranged from 5s to 20s. The
precision was much lower and ranged from 0 to 70% of the maximum
read characters of the serial number. The reading results are shown in
Table 1. Characteristically, the whole serial number of the weapon was
not recognized in any of the 150 recognition attempts. One possible
solution to solving image processing speed and serial number
recognition quality would be to use a server that recognizes the image as
described in (Saleous et al, 2016).

Table 1 — Comparative overview of weapons serial number readings
Tabnuua 1 — CpasHumersbHbIli 0630p cHUMbIBAHUSI CEPULIHbIX HOMEPO8 OPYXKUS
Tabena 1 — KomnapamusHu npeeaned o4umasara cepujckux bpojesa Haopyxarba

Image RFID
Distance
c g o Prepared Not-prepared (mm)
8| 3| g

g E ° | _ No. of - No. of
= £ 5| g read =3 read > |
S| 5| & | & |characters | © | characters | © | 8§
o | Z2 | 2| ® T s ©
o | = IS w“ Pt s )
Fle|2]° S £ |2
& S| 2|2 |22 |2 |%|"

= | = =z | =
6 |3 5 5 5 10| 2 4 | 25| 15
6 |3 5 5 5 10 1 3 12515
o | 7|3 5 4 6 10 1 3 |26 |12
Sl 7014 5] 5 [ 7 [10] 1] 2 |[26]11
a7 [1 51 6 6 |10 2 [ 4 [24] 15
7 |1 5 4 4 10| 0 3 | 25|12
7 |1 5 4 4 10| 2 4 | 25| 12
510 5 4 4 10 1 2 30| 3
51|10 5 5 5 10| 2 3 30 | 3
510 5 5 5 10| 3 4 30| 3
Q| 6 |0 5 3 3 10| O 2 | 27| 5
X | 8 |0 5 7 8 10| 4 6 30 | 4
8 |0 5 8 8 10| 5 6 30| 4
9 |0 5 7 7 10| 5 6 30| 3
9 |0 5 6 7 10 1 5 30| 3

The second approach to problem solving was to use RFID readers.
When testing the RFID weapons identification architecture, an NFC-tag
test environment (Ntag213) was developed and the RFID reader RC522
was used. The architecture of the test system for processing RFID tags is
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shown in Figure 1b. A flexible NFC tag with a diameter of 25mm is
placed inside the weapon. Figure 1b, as a separate section, shows the
handrail and the exact location of the NFC tag. During testing, the
response was found to depend on the tag distance from the RFID reader
as well as where the tag was placed. Table 1 shows that the maximum
distance from which RFID tag readings start is 25 to 30 mm, depending
on the position of the tag in the weapon.

Based on the performed testing, Table 2 shows a comparative
overview of the two architectures. Based on the analysis, the architecture
for weapons identification using RFID technology was selected.

Table 2 — Comparative overview of the advantages and disadvantages of the tested
architectures
Tabnuua 2 — CpasHumernbHbIl aHanu3 npeumyu,ecme U Hedocmamkoes UcrbimaHHbIX

apxumexkmyp
Tabena 2 — KomnapamusHa aHanu3sa npedHocmu u Hedocmamaka mecmupaHux
apxumexkmypa
Weapon identification Advantages Disadvantages
No weapon modifications. Low serial number
It can be used to identify the | recognition accuracy.
weapon type. It requires a computer with
Using the camera The ability to use the better performances.
camera to authenticate the It requires more time to
person. identify the weapon.

Reliability in reading | Providing tags and labeling

weapon identifiers. weapons.
Using RFID Processing speed of read Non-uniform tag placement
data. on different types  of

weapons.

In terms of person authentication, finger, iris, and facebiometrics
was considered as well as RFID tag-based authentication. It was
concluded that in order to achieve adequate reliability and speed of
authentication based on iris and face biometrics, additional conditions
were required. These conditions apply to the lighting and hardware on
which the authentication would be performed (Maltoni et al, 2009). We
opted for solutions that did not require special environmental conditions
and were not hardware-demanding. The solutions that could be
implemented are the fingerprint and the RFID tag. As RFID tags are not
embedded in persons, it is suggested that person identification should be
based on fingerprint authentication.
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Proposed architecture for identifying weapons and users

Based on the results of the testing and comparative analysis of
weapons identification architectures, a combined architecture for
weapons and user identification is proposed. This architecture uses RFID
technology for weapon identification while user identification is based on
the fingerprint method. In addition to visual notification of the
identification of a user and weapon on the monitor, voice notification is
also proposed for faster release or return dynamics. The architecture of
the proposed solution is shown in Figure 3.

app 1

app 2

- 1

‘ app 1 ‘

app 2

Figure 3 — Proposed weapon and user identification architecture
Puc. 3 — lNpednazaemas apxumexkmypa 051 udeHmuuKayuu opy>usi U rnofb3oeamernsi
Cniuka 3 — lNpednoxeHa apxumekmypa 3a udeHmuguKayujy Haopyxara U KOpUCHUKa

Weapon and user identification is done as follows:

— The user logs on to the system with a fingerprint. When a person
logs in, he or she has 30s to read their weapon, otherwise they need
to log back in,

— When a person is logged in, the weapon tag is read and the status of
the weapon changes (issued or returned by the user),

— After each change, the system notifies the status of the weapon or a
new person.
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The system allows the verification of weapon data (weapon type,
model, serial number) based on RFID tags even if the user is not logged
in. The weapon and user identification algorithm is shown in Figure 4.

N READ RFID
FRESENT IN DATABASE
(WEAPON)
<

YES

FRESENT IN DATABASE
(FERSON)

READ FINGER PRINT

CURRENT PERSON

SHOW NTAG SHOW WEAPON DATA
15 FERGON
VERIFIED | T

YES <303 OF LAST RFID READ DY

-
.
-

YES
UPDATE CURRENT
FERSON

SHOW MEW PERSON DATA
AND
MOTIFY

NO LOGOUT PERSON ---+

MOTIFY
ABOUT NEW STATE

UPDATE STATE
OF WEAPON

WEAPON

P —

Figure 4 — Weapon and user identification algorithm
Puc. 4 — Aneopumm udeHmucgbukayuu opyxus u rnosb3oeamerns
Cnuka 4 — Aneopumam 3a udeHmucbukauyujy Haopyxara U KOpucHuKka

The architecture consists of the Raspberry Pi computer, which is an
integrator of the whole system, to which status notification devices
(monitor, speakers) and data acquisition devices (RFID reader and
fingerprint reader) are connected. The architecture also includes a
database, which allows records to be kept. In order to enable faster
logging in and logging out, data processing and database are hosted on
the Raspberry Pi. In this way, most of the data processing is done at the
edge of the network. This kind of approach in the architecture relieves
network resources.

EDGE architecture takes data processing near the source. In this
work, we use the Raspberry Pi as a local server. The layers which are
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above the local layer use Containerization and Orchestration to receive
data from multiple different sources. In the upper layers, it is possible to
apply some of the techniques such as Al and Machine learning. These
techniques can lead to better analyses and recommendations for some
organizational changes and also changes regarding weapons which are
in use in a unit, which in return can provide better efficiency of the unit.

The Raspberry Pl enables applications on all layers of architecture
to exchange information. This architecture reduces latency and provides
reliability. In terms of security, it decreases potential weaknessess in
cecommunication with the main server is reduced. In military systems, it
is important to reduce communication because military band widths are
often limited.

Implementation of the proposed solution

The architecture was practically designed by deploying the
Raspberry Pi computer inside each weapon warehouse with data
collection and notification devices. The Raspberry Pi is connected to the
network. An online service has been implemented enabling the collection
of data on the current status, processing and exchange of data,
presentation of data and remote administration of the system.

Each weapon is intended to have an RFID tag as an identifier. The
implemented architecture enables the exchange of data with a central
database. In this way, the network is relieved and information processing
is provided as close as possible to the source, which is the tendency in
similar systems that belong to the concept of the Internet of Things.

All the needed hardware introduced as System architecture and
presented in Figure 3 is housed in a special shielded box. The process of
registering an individual is shown in Figure 5a, and begins with the
person pointing his or her finger at the fingerprint reader. The application
identifies the person, and if the identification is successful, the person's
information is displayed on the monitor or spoken through the speakers.
We used the text-to-speech library FreeTTS (Freetts.Sourceforge, 2017)
to ensure that the person's name was read.

The process of identifying the weapon is shown in Figure 5b and is
carried out by moving the weapon to the side where the RFID tag is
attached to the RFID reader. After reading the RFID tag, the application
checks for the existence of such a weapon and records it as being issued
or returned. Figure 5c shows the place selected for the RFID tag
placement.
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a b Cc

Figure 5 — Implemented solution: (a) registering, (b) weapon identification, (c) tag
placement)
Puc. 5 — BHedpeHHoe peweHue: (a) peeucmpayus, (b) udeHmugbukayus opyxusi,
(c) HaHeceHue MemkKu
Cnuka 5 — UmnnemeHmupaHo pewerse: (a) pecucmpauuja, (b) udeHmucghukayuja
Haopyxarba, (C) mocmaerbabe maea

Discussion

The results obtained from testing the architecture for identifying
weapons using a camera indicate that such an architecture is not suitable
for identifying weapons. The test results show that there was no
successful reading of all characters of the serial number regardless of the
number of characters and the number of attempts. The reasons for the
unsuccessful reading are due to the following problems: determining the
most suitable distance between the weapon and the camera, poor
visibility of the serial number due to the color of the print, wear, or
concealment of accessories that can be mounted on the weapon.
Another issue which makes this architecture a not so good solution is the
problem of image processing speed which recognizes a serial number
from an image. Testing has shown that the processing speed is low,
which can create a problem of crowding when taking or returning a
weapon form or to a weapon warehouse. One solution that can fix the
results of processing the image obtained from a camera is to paste
stickers with a serial number or an OCR code onto the weapon on its
outside.

A weapon identification solution using RFID technology overcomes
the problems of the previously mentioned solution. RFID technology
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requires additional modifications regarding the implementation of tags on
or into weapons so that readings can be made. The position of the tag in
the weapon affects the distance required to read. However, in the event
that the weapon is propped up against the reader, a secure reading is
made, thereby achieving system reliability.

The weapons used for testing are newer generation weapons. They
have places where plastic-like materials can be used to include the stock
(where wood was commonly used) or grips. Such places are suitable for
tagging.

The Fingerprint is one of the most commonly used authentication
methods. In military processes where reliability and speed are required,
the fingerprint can meet the requirements. There are fingerprint sensors
on the market that do not require high-performance computers. On the
other hand, the amount of memory required to store a fingerprint is small,
so that fingerprint readers can store the prints in their memory.

Conclusion

The implemented weapon identification solution based on RFID
technology and a user identification solution with biometric authentication
enables easy and reliable identification, speed of issuing and retrieval of
weapons, network relieving, and real-time monitoring of weapon status.
In this way, a solution can be implemented to improve the process of
recording and monitoring weapons in weapon warehouses.

Tracking the development of science in fields such as the loT, Al,
and Edge computing is certainly of interest in military applications. This
paper shows the disadvantages of using Al in weapons image
processing. The main drawback is a low degree of reliability. RFID
systems are reliable systems for keeping track of things. By combining
more techniques and technologies such as RFID, loT, and Al, it is
possible to increase the performance of military systems. Digitization of
basic military processes results in better use of time as a resource.
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VAEHTUOUKALINA CONOAT M BOOPYXXEHWA HA CKITALE
OPYXWA, OCHOBAHHAA HA CPABHUTEJIbHOW OBPABOTKE
M30BPAXXEHWIN N RFID-METOK

Jywar 1. Bornuesny®, Mean A. TQTs,
Padomup V. MpopaHosny®, osH N.Togoposuny’
@ BoopyxéHHble Curbl Pecnybnukn Cepbus, FeHeparnbHblil WwTab,
YnpaBneHve nHgOopMaTUKM n TenekommyHukaumn (J-6), LIKUCUIT,
r. benrpag, Pecnybnuka Cepbus;
Huwicknin yHnBepcuTeT, hakynbTeT ANEKTPOHUKM,
r. Hnw, Pecnybnvka Cepbus
6YHvuaepCMTeT obopoHnl B . benrpag, BoeHHas akagemus,
Kadpeapa TenekoMMyHMKauun n MHOpPMaTUKK,
r. benrpag, Pecnybnuka Cepbusi, KoppecnoHOeHT
® BoopyeHHble cunbl Pecny6nvku Cepbusi, FeHepanbHbii WTab,
YnpaBneHve nHPOPMATUKM U TenekoMMyHukaumn (J-6),
LleHTp npuknagHo MmaTeMaTuKu U 3rEeKTPOHUKM,
r. benrpag, Pecnybnuka Cepbus
" BoopyxéHHble Cunbl Pecnybnuku Cepbus, batansoH BOEHHOM NonuLmm
cneumansHoro HasHadeHust «Kobpsbi», r. Benrpaa, Pecny6nuka Cepbus

PYBPWKA TrPHTW: 78.00.00 BOEHHOE OENO:
78.21.49 BoeHHast anekTpoHuKa 1 knbepHeTnka
BWO CTATbW: npogeccroHanbHas ctaTbs

Pe3some:

BeedeHue/uenb: lNpouedypa ebidaqyu U 8038pama OpyXus 8 apMuu
domkHa npogodumscs bbicmpo U obecrnieyugamb HEMEONEHHbIU
docmyn mo4YHoU UHGOpMauuu 0 COCMOSTHUU OPYXKUS.

Memodsi: B daHHOU cmambe paccmampugaemcsi npobrema o
uugposku  peesucmpayuu  ebidadu U go3epama OopyXus C
ucrnonb308aHUEM COBPEMEHHbIX KOMIMbOMEepPHbIX mexHornoaul Edge.
B cmambe npedcmasneHbl 0ea nodxoda K peweHuro OaHHoU
rpobnemsi. [lepsbili M00X00 OCHOBaH Ha MPUMEHEHUU ai2opummos
MawuHHo2o oby4yeHusi Onsi pacro3HasaHusi CepuliHO20 HoMmepa
OpyXXusi o u3obpakeHuro, coenaHHoO20 Kamepol, a emopol Modxod
OMHOCUMCSI K MPpUMEeHeHU0 mexHonoauu RFID. Wdenmudgbukayus
rnonb3oeamesii  npoeodumcsi €  MoOMowblo  buomempuyeckol
aymeHmuguKkayuu.
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Pesynbmamebl:  Pesynbmamsbl,  1ofy4eHHble — mecmupogaHuem
apxumekmypbl udeHmughukauuu 800PYXKEHUS C MOMOWbIK KaMepbl,
rokasbigalom, 4mo makas apxumekmypa He nooxodum Ons
udeHmucgpukauyuu opyxusi. PeweHue 0ns udeHmubukayuu opyxus ¢
ucrionb3ogaHuemM mexHonoauu RFID npeodonesaem npobremsi
sblweynoMsiHymozo peweHusi. OOHako Ons  6ornee  ycriewHoezo
cyumableaHusi UHopmayuu  mexHosnoeuss  RFID mpebyem
dononHumersbHbIX MoOugbuKkayuli, Kacarwuxcsi 8HEOPEHUST MEMOKC
OpYyXUusl.

Bbigodbl: BHedpeHHOe peuwieHue uleHmMucbukauyuu opyxusi Ha
ocHosaHuu mexHonoauu RFID u 6uomempudeckas aymeHmughukayusi
obecrniequsarom npocmyro U HalexHyto udeHmugbukayuro, CKOpoCmb
ebl0aqyu U eo3epama OpyXus, pas3z2py3Ky cemu u HabrnwleHue 3a
COCMOSIHUEM OPYXUS 8 peasibHOM 8PEMEHU.

Knwouesble crioga: obpabomka u3zobpaxeHul, omredamok nanbuya,
RFID, uckyccmeeHHbIl uHmersnnekm, uHmepHem eewiel, Raspberry Pi.

MAEHTUNONKALINIA BOJHUKA N HAOPYXXAHA Y MATALIMHY
HAOPYXAHA 3ACHOBAHA HA NMOPEREHY MNPOLIEECUPAHA
CJIKA N RFID TATOBA

[ywat Ib. Borvhesuh?, Mear A. Tot®,

Padomup W. MpopaHosuh®, bojaH J. Tonoposuh'

@Bojcka Cpbuje, MeHepanwiTab, Ynpasa 3a TenekoMyHukaLmje u
uHcopmaTtuky (J-6), ULKNCUM, Beorpag, Penybnuka Cpbuja;
YHuBepanuteT y Huwy, EnekTpoHcku cakynTer,

Hwuw, Peny6nuka Cpbuja

6YHvuaep3V|TeT onbpaHe y beorpaay, BojHa akagemuja,
Kategpa TenekoMyHukaumja n nHdopmarmke,
Beorpag, Penybnuka Cpbuja, ayTop 3a npenucky

® Bojcka Cp6uje, FeHepaniutab, Ynpasa 3a TenekoMyHukaumje u
uHcpopmaTuky (J-6), LieHTap 3a npumMereHy MaTeMaTuKy U eneKkTpoHUKY,
Beorpag, Penybnuka Cpbuja

" Bojcka Cpbuje, MeHepaniiTab, baTtarboH BojHe nonuvumje
cneuujanHe HameHe ,Kobpe“, Beorpaa, Penybnvka Cpbuja

OBNACT: pauyHapcke Hayke, MHCbOpMaunoHe TeXHONOrmje
BPCTA YJTIAHKA: cTpy4Hu paa
Caxemak:

Yeod/uurb: lNpouec uzdasana u epahara Haopyxara y eojcuu mpeba
Oa b6yde 0OososbHO 6p3, kao u da omoeyhu AocmynHocm mMmayHux
UHbopMayuja 0 cmarby Haopyxara.
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Memode: Y oeom pady pasmampa ce npobrem Ouaumarsnusayuje
3anucusarba rnodamaka O u3dagamy U epahatby Haopyxaa,
KopuwhereMm cagspemeHe padyHapcke mexHonoauje Edee. lNpobrem je
pasmampaH Ha 08a Ha4uHa. [lpeu ce 3acHuU8a Ha npuMeHuU anzopumama
MaWwUuHCKO2 y4er-a 3a [pero3Hasare cepujckoz bpoja Haopyxara
Kopuwherwem criuke u3spaheHe nomohy Kamepe, 00K Opyeu Ha4duH
pa3vampa rnpumeHy RFID mexHosioauje. KopucHuuka
aymeHmucbukayuja 3acHuU8a ce Ha rpumeHu buomempuje.

Pesynmamu: Pe3ynmamu 0obujeHu HakoH mecmuparsa apxumekmype
3a udeHmucdbukauyujy Haopyxara KopuwhereMm Kamepe riokasyjy Oa
makea apxumekmypa Huje o0zoeapajyha. Pewere 3a udeHmugukauyujy
Haopyxara Kopuwherem RFID mexHomnoeuje npesasunasu rpobrneme
npemxo0HO HaseldeHoz pewera. Mehymum, RFID mexHonoeuja
3axmeea 0odamHe modugbukauuje Koje ce o0Hoce Ha umremMeHmauujy
O3HaKa Ha HaopyXary Kako bu HUX080 o4Humasare 6usio ycreuwHo.

Sakrbyyak:  MMninemeHmupaHo — pewere  3a  udeHmucbukauujy
Haopyxarba 3acHosaHo Ha RFID mexHoroauju, y3 npumeHy 6uomempuje
3a aymeHmubuKkayujy KOpucHuka, omoeyhaea jeOHocmasHy u noysdaHy
udeHmucbukayujy, 6p3uHy npu u3lasary U 6paharby Haopyxara,
pacmepehere padyHapcke Mpexe, Kao u Hald3op Had cmamycom
Haopyxara y peasiHoM 8PEMEHY.

KmbyuyHe peuu: npouecupare criuka, omucak npcma, RFID,
sewmaydka UHmersnueeHyuja, uHmepHem cmeapu, Raspberry Pi.
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Abstract:

Introduction/aim: This article is written to acquaint readers with the
development of a space system of Earth remote sensing in the Republic
of Kazakhstan using remote sensing data to support the Armed Forces,
other troops and military formations of the Republic of Kazakhstan.

Methods: An analytical approach to the study of the development of space
and information technologies has led to qualitative changes in the field of
remote sensing of the Earth. Conclusions were also made based on the
analysis of the historical aspects of the formation and development of
space systems for remote sensing of the Earth. This article deals with
significant improvements in the field of geoinformation support to the
Armed Forces, other troops and military formations in the interests of the
security of the Republic of Kazakhstan using high-resolution satellite
images from domestic spacecraft to create digital state topographic maps
of the entire scale series with simultaneous updating.

Results: The article provides a brief overview of remote sensing systems
using geoinformation technologies in foreign countries and in the Republic
of Kazakhstan.

Conclusions: A special unit "Photogrammetric center for remote sensing
and UAV data processing" is capable of processing data of remote
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sensing and UAVS for the armed forces, other troops and military units of
the Republic of Kazakhstan. Data processing technologies have little in
common with traditional processing and representation of geographical
data, and finally, geographical data serves only as a basis for solving a
large number of applied problems.

Keywords: space remote sensing systems, aviation and space
facilities, satellites, spatial resolution, radiometric resolution, spectral
range.

Introduction

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

Nowadays, owing to the benefits of digital image, sound and
communication, topogeodesic software simply cannot stay away from
technological progress.

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

With the development of science, knowledge about the Earth,
natural resources, geology and geography, geoinformatics in many
countries of the world was previously understood as "a specialized
section of computer science dealing with geography" (lvanov & Markus,
1999, pp.36-37).

Effective work of modern GIS is difficult to imagine without satellite
methods of studying the territories of our planet. Remote satellite sensing
has found wide application in geoinformation technologies, both in
connection with the rapid development and improvement of space
technology, and with the curtailment of aviation and ground-based
monitoring methods.
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Background of remote sensing systems

The history of remote sensing is inextricably linked to two scientific
achievements: photography and aeronautics, as their combination
marked the beginning of a new powerful means of exploring the Earth —
the Aerial methods. The history of photography dates back to the
emergence of the concept of camera obscura (lat. cameraobscura —
"dark room"), mentioned in the works of Aristotle (336-323 BC) (Surdin &
Kartashev, 1999), but may have deeper roots — back to 5th — 4th century
BC according to some sources (Needham, 1962).

The explanation of the operation of the pinhole camera is attributed
to Ibn al-haysam (Algazen) of Basra (1038 ad), who used special tents to
observe eclipses of the Sun. Later, in 1267, Roger Bacon used these
principles to create optical illusions with sunlight, and in the 90s of the 15
century, Leonardo da Vinci gave a detailed description of the pinhole
camera and used it for sketches from nature.

The 17th century was marked by the discoveries of Angelo Sala
related to the darkening of silver under the influence of sunlight (1614),
experiments of Isaac Newton with a prism and the creation of the theory
of light (1666), and the discovery of lenses by Johann Christoph Sturm
(Khorram et al, 2016)

The end of the 18th and the beginning of the 19th century were the
key periods in the formation of photography in the form in which it is
known today. In 1777, Vilhelm Carl Scheele discovered that the exposed
chromate of silver can be washed away with ammonia while leaving the
dark recorded areas. In 1800, Frederick William Herschel measured the
temperature of light and actually discovered the infrared region of the
spectrum, and in 1802 Thomas Jung presented his work on the theory of
light and colors, including it in the context of human vision. Finally, the
studies of Joseph Nicephore Niepce and Louis Jacques Mande Daguerre
(1827—- 1839) led to the appearance of full-fledged photos.

Further work of the scientists of the 19th century was aimed at
improving and reducing the cost of the image acquisition process, with
the names of William Henry Fox Talbot, Niepce de Saint-Victor, and
Frederick Scott Archer being associated with this time. Also during this
period, the phenomenon of stereoscopy was discovered, and in 1855,
Scottish physicist James Clerk Maxwell described the quantitative theory
of colors which marked the beginning of color photography.

In contrast to the history of the development of photography, the
sources on remote sensing practically do not consider the topic of
improving the theory of aeronautics, and, as a rule, the key point for a

198



further analysis is identified in 1858 — the flight of Gaspard Felix
Tournachon.

However, besides paying tribute to these prerequisites, we should
also emphasize the projects for the creation of aircraft by Leonardo da
Vinci (1475), Francesco Lana de Terzi (1670), Bartolomeu Lawrence de
Guzman (1709), as well as Mikhail Vasilyevich Lomonosov (1754). It is
also worth mentioning that the research that formed the basis of
aeronautics is that of Isaac Newton (1687), Daniel Bernoulli (1738), Jean
leron d'alembert (1744) and Leonard Euler (1755), who were devoted to
the motion of fluids and bodies in it.

Recognized pioneers of aeronautics are the brothers Joseph and
Etienne Montgolfier, who, in 1783, in the French city of Annonay, first
launched a balloon filled with hot air and thus proved a possibility of free
flight. In September of the same year, an experiment was conducted with
animals being carried in a ballon, and on November 21, the very first
manned free flight took place, the pilots being Pilatre de Rosier and the
Marquis d'Arlandes in the Montgolfier ballon.

On September 16, 1804, Joseph Louis Gay-Lussac, working
together with Jean Baptiste Biot, made two balloon flights, during which
he conducted studies of the Earth's magnetic field and atmospheric
parameters. After these experiments, scientists began to show great
interest in studying the atmosphere using aeronautics (Hallion, 2003).

Historical aspects of the formation and development
of remote sensing of the Earth

The 1st period of development of remote sensing: late
18th - early 20th century (The birth of aerial photography)

Before proceeding to describe the first successes in using aerial
photography, it is necessary to note another event which occurred after
the flight of Nadar and which had a significant impact on the formation of
remote sensing. It is the research of E. Lossed, engineer major of the
corps of engineers of the French army, who developed the ideas laid
down by Johann Heinrich Lambert (1759) and Botan-Beaupray (1791)
and in 1859 developed a way to "deploy" a photo taken from a balloon
into a plan. He called this method metrophotography, and in 1867 the
term acquired its current name "photogrammetry” (the so-called scientific
and technical discipline that studies the theory and develops practical
ways to determine the shape, size and position of objects from their
photographic and other images).
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In fact, with the help of Lossed's invention, one of major drawbacks
of images of that time was overcome — the lack of perspective, which
was the beginning of the development of aerial photc reconnaissance.

A panoramograph, a device designed by Richard Yulievich in 1898,
can be considered as the next technical achievement which at that time
was the most advanced multi-camera in the world designed for aerial
photography.

Alternative ways to get aerial photos of that time included using
kites, birds, and rockets. So already in 1882, English meteorologist E. D.
Archibald obtained successful images using a kite. The name of Julius
Gustav Neubronner is associated with achievements in pigeon
photography (1903), and the first successful experiments in obtaining
images using rockets belong to Alfred Nobel (1897).

The first experience of aerial reconnaissance in combat conditions
dates from 1904 to 1905 (Russian-Japanese war). The experience is
largely questionable, since the quality of images taken from unguided
balloons left much to be desired, but then it became clear that aerial
photography was the future - it only remained to find a suitable carrier.

It is important to remember that 1900 was the year of the Wright
brothers' triumph, when their first airplane in the world took off. And three
years later, it was time for the first controlled human flight on a heavier-
than-air vehicle with an engine. Wilbur Wright is also considered to be
the first person to take a photo from an airplane (1909).

The possibility of controlled flights opened up new horizons for
remote sensing. By a decree of Emperor Nicholas Il in 1910, the Russian
air fleet was created, and a year later the first positive results were
obtained (V. Gelgar's survey of fortifications on the Bosphorus).

Aerial photography developed especially during the First World War of
1914 — 1918; for example, many note its important role in the preparation
of the Brusilovsky breakthrough. It should be noted that, in Russia, the
Central Body Engaged in Aerial Photography then became the Aerial
Photography Park, where V. |. Sreznevsky and V. F. Potte worked (the
creator of the first semi-automatic camera for planned shooting, 1913). To
manage the photometric units, a special Aerophotogrammetric Department
was established, with a school for officers.

The importance of aerial reconnaissance was also understood in the
West. During the First World War, all parties to the conflict used aerial
photographs to get information about the enemy. There is evidence that
at the end of the war, the entire front line was photographed at least
twice a day (PAPA, 2007).
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At the end of the described period in 1919, S. O. Hoffman made the
first aerial images in the infrared range (Estes, 2005).

The 2nd period of development of remote sensing: 1920s
- 1940s. (Use of aerial photography for civil purposes)

At the end of the First World War, aerial photography began to be
used more and more for civil purposes, in national economies in
particular. At the same time, industry institutions were formed along with
aerial photography as a scientific discipline.

The year 1921 is important since that year the USGS began using
aerial surveys for forestry inventory. The obtained materials were
interpreted and a few were later initiated into account water resources
and works on geographical and geobotanical research.

It is worth noting that, in this period, North American and European
countries had different approaches to remote sensing. It is possible to
say that the size of the country determined the main tasks facing aerial
photography. For the unexplored territories of Canada and the United
States, the speed of data acquisition was of primary importance, even
taking into account the loss of information quality (small-scale aerial
photography, multi-camera cameras, simplified methods of processing
aerial images). European countries were characterized by an approach in
which aerial photography was mainly aimed at refining the existing
topographic maps, bringing them to the current state (large-scale
photography).

The development of remote sensing leads to the emergence of the
first specialized departments and industry institutes. The introduction of
courses in photogrammetry dates back to 1920 (Nikolai Mikhailovich
Aleksapolsky), and in 1925 the first Department of Photogrammetry was
organized at the Moscow Boundary Institute (Tyuflin, 2011).

In 1929, the Research Institute of Aerial Photography (later the
Central Research Institute of Geodesy, Aerial Photography and
Cartography, Tsniigaik) was organized under the leadership of Alexander
E. Fersman and the production of Soviet photogrammetric equipment
was established (Vinogradov, 1941).

So, in the 30s of the twentieth century, the multi-objective aerial
camera of F. V. Drobyshev (1932) and the first model of a topographic
stereometer (1933) were created as well as the first wide-angle aerial
lens "liar-5" by M. M. Rusinov (1933), which marked the beginning of a
series of wide-angle and ultra-wide-angle lenses "Russar”, and the slit
aerial camera of V. S. Semenov (1936) (Tyuflin, 2011, p.5)
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Until 1936, aerial photography was used in the USSR not so much
for continuous mapping of the country, but at the request of individual
organizations. However, the formation of specialized state-owned
enterprises created for aerial surveys in certain sectors of the economy
(agricultural aerial survey, forest aviation trust, a network of aerial photo-
geodesic trusts, etc.) enabled continuous coverage of territories paid for
from the state budget. The result is an avalanche — like increase in the
volume of aerial survey work over the period 1925 — 1938 when it
increased almost 80 times. (Vinogradov, 1941)

It is worth noting that at this time (1936) in the West, Captain Albert
W. Stevens obtained the first images reflecting the actual curvature of the
Earth and the boundary of the stratosphere. The survey was conducted
from a height of 22 km.

In 1939, the Second World War broke out, in which aerial
reconnaissance began to play a leading role, providing the armies of the
warring parties with the necessary materials about the enemy.

The 3rd development period: late 1940s - 1980s (The
development of methods for aerospace research)

This period is one of the most significant ones in the history of
remote sensing. It is during these years that space sensing of the Earth
began, programs of the most famous satellite groupings started, and the
research base was actively developing.

Military industry remained the main engine of the progress of remote
sensing in the 40s. In 1945, the first photograph of the Earth's surface
was obtained from space. It was made using a camera mounted on a
Fau2 ballistic missile (USA, White Sands test site) (Zamshin, 2014).

The beginning of the Cold war spurred the parties to create new
ways to monitor a likely enemy. In 1954, flights of American Lockheed U-
2 reconnaissance aircraft equipped with highly informative aerial
cameras began.

It is worth noting that during the 50 — 60s, most of images were
panchromatic (black and white) and their evaluation was carried out
using visual methods. All the more important are the achievements of
Colwell (1956), who already at this time proposed the use of color
infrared technology (CIR) in photography to control the incidence of
plants (in such photos, diseased vegetation looks more dim).

The foundations for image analysis by spectral characteristics were
thus laid (Thenkabail, 2015).

In 1959, the first session of the US Congress presented a report
describing the main features of the space system and options for
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satellites intended for remote sensing of the Earth (ERS) for both civil
and military purposes. Since that time, remote monitoring of the Earth
using space aircraft has developed.

In the same year, the Corona program (US military satellites) began,
and in 1960, it provided the first successful photos from space (using
cameras with film canisters that were dropped to the Earth in capsules,
and then caught in the air by aircraft).

Focused civilian developments in Earth exploration began in 1959
with the launch of the Explorer VIl satellites, designed to measure the
amount of heat emitted and reflected by the Earth.

The TIROS 1 weather satellite (TV and Infrared observation satellite,
USA) was launched in 1960 and transmitted back the first satellite image
of the Earth's cloud cover. The transmission was carried out over a radio
channel, i.e. almost in the same way as the transmission of information
from modern satellites is carried out.

In March 1961, the Vostok spacecraft (Sputnik-9) was launched with
the AFA-39 aerial camera installed; it was with its help that the first
photos from space were taken in the Soviet Union.

On April 12, 1961, Yuri Gagarin became the first person to make a
space flight. Shortly after Yuri Gagarin's flight in August 1961, Soviet
cosmonaut G. S. Titov took the first "manual" photography of the Earth
from space from the Vostok-2 spacecraft (Estes, 2005).

With a small lag behind the Soviet Union, there was the US Mercury
manned flight program (1961-1963), as part of which images of the Earth
were also obtained. (Kapralov et al, 2005)

In 1962, the first Zenith remote sensing spacecraft (military
intelligence, USSR) was launched successfully. Three types of
equipment were installed on board: photographic, phototelevision, and
radio equipment.

In 1964, the United States launched the first Nimbus satellite
(weather satellites). In the Soviet Union, the first operational
meteorological satellite (meteor) was launched in June 1966.

The development of military vehicles continued. In 1964, the Zenit-2
complex (USSR) was adopted, and in 1965, thanks to the improvement
of its optical system, the Zenit-4 complex of detailed photo observation
was developed and adopted (Sukhorukov, 2011).

The United States continued its manned space flight programs with
the launch of Gemini (1965-1966) which provided a systematic collection
of remote sensing data throughout the project (Kapralov et al, 2005)
while the next, Apollo, program was equipped with even more powerful
remote sensing equipment. So Apollo 9, launched in 1968, captured the
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first multispectral images using its camera with four lenses taking photos
that were later subject to digitization (Lavender & Lavender, 2015).

The year 1972 is an outstanding one in the history of remote sensing
of the Earth: the National Aeronautics and Space Administration (NASA)
launched Landsat 1, originally named the Earth Resource Observation
Satellite. It was this satellite which initiated the first continuous archive of
Earth observation data for scientific research, still being updated at the
present time. Landsat 1 images (four spectral ranges and a pixel size of
80 m) opened up plenty of opportunity for scientists to study vast
territories. These images were small-scale, which allowed the creation of
appropriate maps in a short period of time and reflected extensive
geographical information about the structure of the Earth.

The first special equipment for multi-zone shooting on a spacecraft
of the Soviet Union was installed in 1973 (Soyuz-12). Soviet cosmonaut
pilots V. G. Lazarev and O. G. Makarov performed a significant amount
of filming in six and nine zones of the electromagnetic wave spectrum.
This flight proved the effectiveness of multi-zone space sensing for
mapping, geological research, studying vegetation, soils, shallow sea
waters, and decoding natural formations based on their spectral
reflectivity. As a result of decoding multi-zone images from Soyuz-12,
experimental complex mapping was carried out for the first time,
discovering oil and gas-bearing structures, previously unknown crystal
faults, and desert territories with shallow fresh ground water (Zamshin,
2014, p.68).

In the same year, a landmark event in remote sensing data
processing technology took place - John Rouse used the normalized
difference vegetation index (NDVI) in his work. Through a series of
experiments, it was found that green vegetation has a high reflectivity in
the near-infrared region of the spectrum and absorbs radiation well in the
red range. At the same time, the reflectivity of soils and reservoirs in
these ranges remains almost the same. A simple formula expressed in
the operation of dividing channels made a breakthrough in determining
the vegetation cover in satellite images. (Kapralov et al, 2005)

The national oceanic and atmospheric administration of the United
States launches the NOAA-4 (meteorological) satellte in 1974,
particularly for carrying a very high-resolution radiometer (VHRR) on
board. In addition, the information from this satellte was available to
everyone if they had the opportunity to receive it. It is obvious, though,
that ordinary users did not have the computer capacity to process data at
that time. (Thenkabail, 2015, p.680)
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The survey materials from space stations continued to produce
tangible results. Salyut-3 (1974-1975) — in one of the regions of the
country, 67 oil and gas structures were identified, including underwater
ones, and a number of intersections of large faults promising for
exploration of valuable minerals (Thenkabail, 2015). Salyut-4 (1974-
1977) — multi-zone and multi-scale photography covered about 4.5
million square kilometers of the South of the country, and a number of
regional photo maps were created covering the Northern Caspian region,
Kyrgyzstan, Tajikistan, the Crimean Peninsula, and Kalmykia.

Launched in the United States, LAGEOS 1 (1976) was used by
scientists to accurately track the movement of the Earth's surface, and
the data obtained from it made a great contribution to understanding the
processes of earthquakes and other geological activities.

Returning to the topic of meteorological satellites, we note the
launch of TIROS-N (NOAA, USA) in 1978. The satellite contained an
advanced very high-resolution radiometer (AVHRR), which, in addition to
observing Earth's weather events, was also used to monitor the state of
objects on the Earth's surface (Thenkabail, 2015, p.681)

The year 1978 as a whole turned out to be very successful for
launching space projects. This was confirmed by the NASAHCMM
satellite, used to measure the Earth's temperature from space, helping in
climate change research, then by the Seasat satellite intended (as its
name probably implies) for monitoring the oceans, and, of course, by the
Nimbus-7 satellite with a Full Ozone Layer mapping spectrometer (TOMS)
on board, which helped confirm the existence of the Antarctic ozone hole.
Moreover, the data from TOMS formed the scientific basis of the Montreal
Protocol (1989) and other treaties banning production using ozone-
depleting chemicals. The CCS scanner was also installed on the same
Nexus -7, and the data from it is widely used to study the links between the
biology of the oceans and the Earth's climate (Graham, 1999).

In the late 1980s, other countries also began to feel the need for
their own remote sensing satellites, which eventually led to a rapid
increase in data availability. In 1986, SPOT-1 was launched, the first of a
series of French multispectral satellites developed by the National Center
for Space Research (CNES) in collaboration with Belgium and Sweden.
India launched its first satellite called IRS (1988). The 1990s saw the
China /Brazil (CBERS) satellite as well as Japan’s one (ADEOQOS).

These events prompted further development of data processing
methods, special software, and rapid discoveries in the world of
computer technology allowed ordinary users to apply image processing
methods.

205

Zakiev, E. et al, Prospects for using remote sensing data in the armed forces, other troops and military formations of the Republic of Kazakhstan, pp.196-229



i‘VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2021, Vol. 69, Issue 1

The 4th period of development of remote sensing: the
beginning of the 1990s up to the present time. (Remote
sensing data as the main component of geographic
information systems)

This period of development is characterized primarily by the fact that
remote sensing has become an integral component of geographical
information systems, the main supplier of spatial information for them.

The development of computer technologies in the 90s greatly
simplified the digitization of remote sensing data, and the global
development of GIS systems and personal receiving stations allowed any
user to receive and process spatial data, which was a huge step in
scientific and technological progress and the development of remote
sensing in general.

Geographic information systems (GIS) allow converting images into
electronic maps, with drawing on them not only geographical, but also
statistical, thematic, and other information, as well as applying a variety
of analytical operations. GIS can reveal hidden trends and relationships
that are difficult or impossible to detect when processing satellite images
"with the naked eye". Remote sensing and geographic information
systems have formed a very effective method for conducting spatial
analyses of the Earth's surface. (Glushkov, 2012)

Under the leadership of R. Tomlinson, Canadian GIS (QGIS) was
created to analyze data from the Canadian land inventory in the field of
land using rationalization. (Kapralov et al, 2005)

In the period of remote sensing development under consideration,
the main breakthrough in GIS development occurred due to the
saturation of the market with appropriate software, especially designed
for personal computers, which dramatically increased the scope of GIS
technologies and required significant sets of digital geodata. To
understand what new geodata the scientific community had in the 90s, let
us look at the launch history of this time.

Also, the 90s were marked by one interesting fact in the history of
remote sensing development. In addition to sensing satellites, a whole
group of spacecraft that were part of the Global navigation satellite
system (GNSS) operated in space, including GPS (USA), GLONASS
(Russia), Galileo (Europe), and Compass (China). Of course, the initial
use of these satellites was associated with the positioning of objects on
the Earth, but soon this attitude was revised and a new direction in
remote sensing was born, known as GNSS reflectometry (GNSS-R). It is
a well-known fact that due to atmospheric refraction, GPS signals travel
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through the Earth's atmosphere along a slightly curved path and with a
small delay in speed, and at first this was considered a source of error,
but thanks to the work of a number of scientists, it is now used to
determine the level of the ocean surface, the speed and direction of wind
above the ocean surface, soil moisture, or snow and ice thickness. (Jin &
Komjathy, 2010)

In addition to government programs, a private commercial remote
sensing market is also emerging. Private companies launch their own
satellites with the subsequent sale of images, and also provide licenses
for the right to receive information from their space systems. The created
market gave a huge boost to the appearance of a wide variety of satellite
images offered. It became possible to order images for any territory of
interest, almost any spatial resolution and in any required range.
(Glushkov, 2012)

The development of tools for remote sensing data processing also
proceeded quite quickly: ERDAS Imagine (1992), ENVI (1994), Maplinfo
Professional (1995), ArcGIS (1999) — all these are well-known software
products that are today the leaders of GIS software. Versions of products
that had a graphical interface are listed, which greatly simplified the
process of using them.

Software power of modern computers already allow for processing
images, and cheaper remote sensing was facilitated by involving not only
professionals but also ordinary users in the process of working with
geodata.

There is a need for space survey materials with ultra-high spatial
resolution, which was previously the prerogative of aerial photography. It
is this segment that is beginning to be most actively developed by private
companies. The United States, Israel, France, and India are beginning to
build effective schemes of interaction between the state and the private
sector in this area.

The developers of the first ultra-high-resolution satellites were
exclusively American companies, but since 2006, launches of such
devices have been carried out: Israel (Eros-B), Russia (Resurs-DC),
Korea (COMP-2) and India (Cartosat-2). Nevertheless, the United States
still retains its technological leadership, as evidenced by the launch of
such devices as the IKONOS satellite (1999), geo-Oko-1 (2008),
WorldView-1 satellite (2007) and WorldView-2 satellite (2009) with a
resolution of 0.4-0.5 m.

An important feature of 2007-2010 is the increase in the number of
launches of spacecraft with high-resolution radars. Radar images can be
obtained regardless of weather conditions and light conditions in the
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target area and allow making requests for shooting within a few days. In
addition, space—based radar images make it possible to create digital
terrain models, and special interferometric imaging technologies make it
possible to detect minor ground movements.

The existing radar space systems RADARSAT-1 (Canada), ERS-2,
ENVISAT-1 (both ESA) and ALOS (Japan) provided an area resolution of
no better than 8 m, which did not meet modern requirements, so the
launch of the civilian satellite TerraSAR-X (Germany, 2007), which
provided radar shooting with a resolution of 1 m, was a landmark event.
At the same time, the Italian COSMO-Skymed satellite program was
implemented. (Lavrov, 2010)

Current state of remote sensing and development
prospects in the Republic of Kazakhstan

Today, more and more new satellites with modern sensor systems
are being put into the orbit. The last of NASA's Landsat series satellites
(number 8), was launched in early 2013 and today continues to provide a
continuous archive of data from this mission. Other satellites, such as
SMAP (USA) or FLEX (ECO), are very important for environmental
monitoring.

SMAP was launched in early 2015 and carries SAR (synthetic
aperture radar, L-band, 1.2 — 1.4 GHz) and a radiometer that measure
soil moisture and monitor the continuous water cycle in nature. The
antenna covers a 1000-kilometer range, providing global coverage of the
Earth in just a few days.

FLEX is a derivative of ESA's eighth research mission and is
intended to provide global fluorescent vegetation maps. The FLORIS
(Fluorescence Imaging Spectrometer) is an on-board instrument that
measures the emission of waves in the range of 500 to 800 nm with a
bandwidth of 0.1 nm to 2 nm, which allows images to be obtained with a
150-kilometer range and a pixel size of 300 m. This information will allow
a thorough study of the vegetation cover in dynamics. FLEX is scheduled
to be launched in 2022.

Another American future mission suitable for processing Earth data
is the large-scale hyperspectral GEO-CAPE (scheduled for launch in
2020). The GET-CAPE should become an improved MODIS receiver and
provide continuous data acquisition for a variety of application areas,
such as water resources, agriculture, disaster prevention, and
environmental monitoring.
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Another hyperspectral satellite, HysplIRI, is currently under
development. HysplIRI will include two instruments: a spectrometer (in
the spectrum from VIS to TIR) and a multispectral imaging unit (in the
SWIR and TIR spectra); these data could be used in many areas, but
primarily for monitoring the carbon cycle, ecosystems, and the Earth's
surface.

To support today's much-needed high-resolution environmental
monitoring, the European Union recently launched the Copernicus
programme (formerly known as GMES). Copernicus is the European
flagship of Earth exploration, adapted for environmental monitoring.
Copernicus includes two types of missions: the Sentinel programme
(Sentinel 1 - 6) and related space programmes. There are approximately
30 active or planned satellite space programmes operating under the
auspices of ESA, EU member States such as EUMETSAT, and other
global countries.

The launch of Sentinel-1A in 2014 provided new opportunities in the
field of microwave radiation, offering global data for study with a repeated
cycle of 12 days, which will be reduced to 6 days with the launch of the
Sentinel-1B satellite. Thanks to the public data access policy, they are
supposed to expand the scope of microwave methods. Subsequent SAR
data for this area will be provided by the AMOS-2 satellite group (Japan,
2014), as well as two planned SAOCOM satellites (Argentina, launches
2016 and 2017) and the RADARSAT Constellation mission (Canada,
2018).

Since there is a demand for high-resolution data in the commercial
market, new satellites are likely to be launched as private or national
initiatives over the next decade to replace the current generation of
TerraSAR-X and CosmoSkyMed sensors.

A pair of Sentinel-2 satellites (2015, 2016) will provide images with
medium spatial resolution. Sentinel-2 guarantees continuous spot
observation with the ability to improve spectral resolution and temporal
illumination. The multispectral imaging unit (MSI) on Sentinel-2 covers
the VIS, NIR, and SWIR spectral regions in 13 bands with a spatial
resolution of 10 m x 10 m (point observation), 6 groups of 20 m x 20 m,
and 3 groups of 60 m x 60 m. The increased width of the row,
approximately 290 km, together with the presence of two satellites in
orbit at the same time, will reduce the re-coverage of the territory to 2-3
days. This will make it possible to monitor rapid changes in the
environment, such as crop maturation, especially during the agricultural
season, and improve methods for detecting such changes.
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The Sentinel-3 project was created for the purpose of monitoring
the marine environment and was launched in 2016. This system carries
both ocean monitoring tools and an OLCI scanner, which is the
successor of MERIS, but with improved wavelength groups (21
compared to 15 on MERIS) and a spatial resolution of 300 m x 300 m.

The German En MAP (launched in 2018) will be a satellite with a
spatial resolution similar to Landsat, but with an increased number of
bands in the VIS and SWIR spectra (244), and a rotation time of less
than 4 days. (Thenkabail, 2015)

In addition to promising classical satellite programmes, it is time to
use small spacecraft (MCAS). One of the most promising is "CubeSat" —
nanosatellites of a certain design created at Stanford University. The size
of the basic element of the satellite structure is 10x10x10 cm. The launch
is performed using Poly-Picosatellite Orbital Deployer (P-POD). The
standard allows combining two or more standard cubes as part of a
single satellite (designated 2U, 3U, etc.). The development of modern
high-tech industries has made it possible to create small-sized spacecraft
at a relatively low cost of time and money. Despite the fact that they do
not have the lifetime of larger satellites, they offer fantastic potential for
testing new sensors or making specific short-term measurements, and
are capable of solving serious scientific, technical, research, and
industrial tasks. In fact, a new segment of the space industry is being
formed. However, the biggest challenge to expanding the use of small
spacecraft is the problem of putting them into orbit. Currently, ICAS are
often put into orbit as a passing cargo. (Prokopyev et al, 2014)

There are many promising ways to improve existing remote
sensing mechanisms. In addition to the obvious, i.e. improving the
technical stuffing of devices (robotization, design simplification, high-
efficiency solar panels, etc.), new technologies for autonomous operation
of spacecraft are being developed such as those for improving the launch
formation (swarm), i.e., types of missions in which several vehicles fly at
a short distance (up to several hundred meters) from each other. In
contrast to the traditional orbital grouping of satellites, where the devices
act independently, performing a common task, in the spacecraft
formation flying they act together, distributing individual functions and
elements of the task between individual devices. In fact, this is a creation
of distributed satellite systems. (Prokopyev et al, 2014)

In addition to satellites, other types of remote sensing devices are
becoming more popular (for example, fixed—wing aircraft, helicopters and
quadrocopters, unmanned aerial vehicles-drones), they are most often
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used for shooting at low altitudes and are test platforms for space
instruments. (Lavender & Lavender, 2015)

As mentioned earlier, remote sensing and data generated by it are
now an integral part of geographic information systems. GIS have many
classifications, but from the point of view of the prospects for use, we are
only interested in the possibility of using this system on the Internet.

The migration of desktop software products to the network is a
general trend in the software development market. For quite a long time,
users can use Google Docs instead of MS Word, or Yandex mail instead
of Outlook. Naturally, this approach requires a network connection, but it
does not depend on platforms at all, and makes programs and data
available from any computer and from any place.

The market for Web GIS systems is experiencing quite rapid
development. There are many proprietary developments, for example,
ArcGISServer, and no less freely distributed analogues (MapServer,
GeoServer, etc.), the functionality of which improves from version to
version, and almost always involves support for the WMS, WCS, and
WEFES standards.

Today, it is still more convenient to conduct primary data preparation
in desktop GIS, thanks to the remote sensing information processing
mechanisms developed over many years (image filters, classification
plugins, etc.), but quite serious steps are already being taken to transfer
this functionality to the network, i.e. full implementation of OGCWFS-T
and WPS standards.

Based on the prerequisites for the transition of geoinformation
systems that work with remote sensing data to the category of Internet
services, the use of almost unlimited computer power, known as cloud
computing, in the tasks of processing satellite images is becoming more
and more obvious.

Until recently, only specialized scientific organizations had access to
powerful supercomputers, which severely limited the ability of data
processing (including remote sensing data) by ordinary users. Moreover,
today even the expert community is not able to cope with the processing
and decryption of constantly incoming information in a timely manner. For
example, Digitalglobe's constellation of satellites — QuickBird,
WorldView-1, and WorldView-2 - Collectively capture ultra-high-
resolution images of about 1.5 million km per day. (PAPA, 2007)
However, thanks to the appearance of services such as, for example,
Amazon Elastic Compute Cloud, it is now possible to use its capabilities
to implement remote sensing tasks. Fast work with ultra — high-resolution
data (several meters), spectral data with hundreds of channels, daily
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updated data, implementation of image processing algorithms in the
cloud software environment, storage and archiving of very large volumes
of data - all this is the future of remote sensing. (Thenkabail, 2015)

Continuing the idea of a promising vector for the development of
remote sensing, it is necessary to note the increasing role of
crowdsourcing in the analysis of remote sensing data. When a large
number of people use the Internet to access information received from
satellites, there are amazing opportunities in using the capabilities of the
human brain to solve spatial problems. Despite the ever-increasing
performance of software systems for image analysis, nothing can replace
the intuition and perception of the human brain. Cognitive tasks that are
simple to us are very difficult for a machine.

There are several advantages of using crowdsourcing in remote
sensing:

— quick analysis of images by hundreds and thousands of people.
Even if they are not experts in a particular field, but the right task in this
case can overcome this disadvantage.

— leveling the problem of a large amount of data. What an expert can
analyze in a week, a large group of people will do in a day.

— full use of human cognitive capabilities, according to the
classification of objects. No matter how advanced machine image
recognition algorithms are, they cannot detect all possible variations of
objects on the Earth.

— reliability of the information received. This is, of course, an effect
that translates a quantitative assessment into a qualitative one, using
confidence analysis algorithms. Everyone makes mistakes, but if a lot of
people come to an agreed opinion on a particular issue, the reliability of
such information is considered significantly higher. (DigitalGlobe, 2014)

The last thing worth noting is the increasing role of standardization in
the provision of remote sensing data. Of course, remote sensing data
itself is also standardized, especially in terms of names and metadata
(Tyuflin, 2011), but the most important aspect is the transmission aspect,
since operating with unified protocols allows the creation of spatial data
infrastructures that provide information to any user on the Internet. This is
about the growing support of leading manufacturers of remote sensing
data and their derivatives for OGC standards (Open Geospatial
Consortium — a non-core, international, voluntary organization for the
development of standards in the field of geoinformation services). Map
services and services on the Internet that support the WCS, WFS, and
WMS standards make it possible to operate remote sensing data as if
they are locally available, which opens up unlimited opportunities for
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comprehensive analysis of such data, highlighting the necessary
information, and, ultimately, making the right management decisions.

The current level of scientific and technical development in the field
of geodetic and cartographic activities, associated with the use of satellite
geodetic methods, the widespread introduction of new technical means
and technologies for creating digital cartographic products, and
geoinformation systems, requires highly qualified specialists who can
solve complex production and scientific problems in the field of geodesy
and cartography.

The current stage of development of geodesy and cartography in
Kazakhstan is characterized by reaching a fundamentally new level of
production automation, which has caused fundamental changes in the
applied technologies, technical means, devices and equipment. Namely,
the implementation of cartographic and geodetic works is carried out
using: satellite radio navigation technologies (GPS NAVSTAR (American)
and GLONASS (Russian)) (Fig. 1), satellite surveys, digital mapping
methods, and GIS technologies.

a) b)

Figure 1 — Global satellite radio navigation systems: a — GLONASS, b — NAVSTAR
Puc. 1 - nobanbHbie criymHUKosble paduoHagu2ayUOHHbIE CUCMEMbI:
a—-ITIOHACC, b - NAVSTAR
Cnuka 1 - mobanHu camenumcku paduo-HaguealyUuoHuU cucmemu:

a) IMIOHACC, 6) NAVSTAR

Currently, the greatest attention is paid to the introduction of remote
sensing data and high-resolution satellite imagery materials from the
domestic KazEOSat-1 spacecraft to create and simultaneously update
digital state topographic maps of the entire scale range.
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Remote sensing spacecraft of the Republic of Kazakhstan
- KazEOSat-1

Figure 2 — Remote sensing spacecraft of the Republic of Kazakhstan - KazEOSat-1
Puc. 2 — Kocmuyeckut annapam OucmaHUUOHHO20 30HOuUposaHusi KazEQSat-1
(Pecrntybniuka KaszaxcmaH)

Cnuka 2 — Ceemupcka nemenuya KazEOSat-1 3a darbuHcky demekuyujy (Penybnuka
Kazaxcman)

The Law of the Republic of Kazakhstan No. 528-1V of January 6,
2012 "On Space Activities" stipulates that, by the decree of the
Government of the Republic of Kazakhstan dated May 31, 2012, the
joint-stock company "National Company Kazakhstan Gharysh Sapary" is
the national operator of the space system for remote sensing of the
Earth.

In 2014, Kazakhstan acquired its own space system for remote
sensing of the Earth. Two vehicles were launched into orbit sequentially:
high-resolution KazSat-1 and medium-resolution KazEOSat-2.

The KazEOSat-1 (Kazakhstan Earth Observation Satellite) is the
first Kazakh satellite for remote sensing of the Earth, created by the order
of the government.

On April 30, 2014, the KazEOSat-1 satellite was launched into orbit
from the European Space Agency's Kourou spaceport in French Guiana.
The device, which has an almost record spatial resolution of 1 meter per
pixel for satellites of this level, was developed for our country by the
French aerospace concern Airbus Defense and Space (PAPA, 2007),
which was called EADS Astrium before the rebranding.
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Figure 3— KazEQOSat-1 Satellite At the Kourou cosmodrome before launch (Photo by
ESA-CNES-Arianespace Optique Video du CSG)
Puc. 3 — CnymHuk KazEOSat-1 Ha kocmodpome Kypy neped 3arnyckom
(®omo ESA-CNES-ARIANESPACE Optique video du CSG)
Cnuka 3 — Camenum KazEOSat-1 Ha kocmodpomy Kypy nped naHcupare
(®omoepachuja ESA-CNES-Arianespace Optique Video du CSG)

As a payload, the satellite is equipped with a scanning device
“‘“NAOMI” (New Astro Sat Optical Modular Instrument), which enables
taking photos with a resolution of up to 1 meter (in the panchromatic
mode) and up to 4 meters (in the multispectral mode).

The survey capacity of the KazEOSat-1 spacecraft is 220,000
square kilometers per day.
The maximum length of the shooting lane is 2000 km.

Table 1 — The characteristics of the imaging system KazEOsat-1
Tabnuua 1 — Xapakmepucmuku cbemo4Hou annapamypbl KazEOSat-1
Tabena 1 — Kapakmepucmuke cucmema KazEOsat-1 3a cHumare camenuma

The diameter of the 640 mm
aperture
Panchromatic Multispectral Red - 0.62-0.69 ym
Spectral channel 0.45-0.75 um Blue - 0.45-0.52 ym infrared - 0.76-0.89 pm
’ o Green - 0.53-060 um
Spatial resolution 1m 4m
Capture band 12 bit
Deviation from
Nadir 20 km
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Radiometric

resolution +/- 35 degrees

Tool weight 150 kg

Possibility to get

. Yes, from one turn
a stereo pair

Customer JSC "NC "Kazakhstan Gharysh Sapary»

Manufacturer Airbus Defence and Space (EADS Astrium)

Platform Leostar-500-XO

Orbit Sun-synchronous, H=750 km, inclination 98.5
degrees

Sizes 210mx3.70 m

Power 1200 W

Data rate 270 Mbit/s in the X-band

Modulation of transmitted data QPSK

Weight 820 kg

Estimated duration of stay in orbit 7 years

Remote sensing spacecraft of the Republic of Kazakhstan
- KazEOSat-2

Figure 4 — Remote sensing spacecraft of the Republic of Kazakhstan - KazEOSat-2
Puc. 4 — Kocmuyeckutl annapam OucmaHUUOHHO20 30HOuUposaHusi KazEQSat-2
(Pecrniybniuka KazaxcmaH)

Cnuka 4 — Ceemupcka nemenuya KazEOSat-2 3a darbuHcKy demekuujy (Penybrnuka
KazaxcmamH)

Already in June 2014, the second medium-resolution remote
sensing satellite KazEOSat-2 went into orbit. It was built by a
subcontractor of Airbus Defence and Space — the British company Surrey
Satellites Technology Ltd (Estes, 2005).
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The KazEOSat-2 (Kazakhstan Earth Observation Satellite) is the
second Kazakh satellite for remote sensing of the Earth, created by the
order of the government of the Republic of Kazakhstan on the basis of
the SSTL — 150+ satellite platform by the British company SSTL. The
SSTL is a subsidiary of Airbus, Figure 5.

; Sy
1

Figure 5 — Photo ESA-CNES-Arianespace Optique video du CSG
Puc. 5 — ®omo ESA-CNES-Arianespace Optique video du CSG
Cnuka 5 — ®omoepagpuja ESA-CNES-Arianespace Optique video du CSG

The KazEOSat-2 medium-resolution remote sensing spacecraft was
launched on June 20, 2014, from the Russian launch base Yasny
(Orenburg region, Russia).

The KEIS (Kazakh Earth Imaging System) scanning device, also
known as "JSS-56" (Jena-Optronik Spaceborne Scanner-56) or "MSI"
(multispectralimager) is installed on board of the KazEOSat-2 satellite as
a payload.

The survey capacity of the KazEOSat-2 spacecraft is 1,000,000
square kilometers per day.
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Table 2 — The characteristics of the imaging system KazEOsat-2
Tabnuya 2 — Xapakmepucmuku cbemoy4HolU annapamypbl KazEOsat-2
Tabena 2 — Kapakmepucmuke cucmema KazEOsat-2 3a cHumMare camenuma

The diameter of

the aperture 145 mm

Focal length 633 mm

Spectral channel blue - 0.45-0.52 um Extreme red - 0.69—-0.73 um
green - 0.53-060 ym infrared - 0.76-0.89 uym
red - 0.62-0.69 um

Spatial resolution | 6,5 m (in Nadir) 5 m (when creating an orthophoto)
Capture band 12 bit

Deviation from

Nadir 77 km

Radlometrlc +/- 35 degrees

resolution

Tool weight 150 kg

Possibility to get

. Yes, from one turn
a stereo pair

Customer Kazakhstan Gharysh Sapary (KGS)

Manufacturer SSTL

Platform SSTL-150+

Orbit Sun-synchronous, H=630 km, inclination 98
degrees

Sizes 700 mm x 800 mm x 900 mm

Data rate 160 Mbit/s in the X-band

Weight 180 kg

Estimated duration of stay in orbit 7 years

Under the contract with the French side, a fairly serious ground
infrastructure was created in the capital of Kazakhstan to service
satellites. It includes a spacecraft control system, a ground-based target
system, and antenna systems, Figure 6.

The antenna systems are two autonomous systems for full control of
telemetry, issuing commands to satellites and receiving information that
they transmit to the Earth. The antenna of the Kazsat-1 satellite is
mounted on the top of a three-story tower in a special spherical case built
of radio-transparent material. It protects the device from atmospheric
disturbances, precipitation, and sunlight. The dome of the KazEOsat-2
antenna system is made in the form of an icosahedron geometric shape.
This shape improves the electromagnetic background in the antenna
area, Figure 6.
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Figure 6 — Building of the National space center in Nur-Sultan, where the control and data
processing systems KazEOSat-1 and KazEOSat-2 are located
(Photo by Grigory Bedenko)

Puc. 6 — 30aHue HayuoHansHo20 KocMmu4eckozo ueHmpa 8 2. Hyp-Cynmat, 2de
Haxo0amcs cucmembi ynpasneHus u obpabomku OaHHbIx KazEOSat-1 u KazEOSat-2
(®omo puzopusi bedeHko)

Cnuka 6 — 3epada HayuoHanHoe yeHmpa 3a ceemup y Hyp CynmaHy ede cy nouyupaHu
cucmemu 3a ynpassbarbe U obpady nolamaka camenuma KazEOSat-1 u KazEOSat-2
(®Pomoepadpuja: pueopuj bedeHko)

Both satellites move in so-called sun-synchronous orbits. This is
when the device flies from one pole of the planet to the other and is
always on the illuminated side of the Earth. The radio visibility zone of the
KazEOSat-1 satellite extends over a huge territory of the continent — from
the Taimyr Peninsula and almost to Northern India. In total, the satellite
makes 15 orbits per day, Figure 7.

Three day and three night sessions are held with it in the radio
visibility zone. One communication session lasts 10-12 minutes. During
this time, a package of program commands is transmitted to the satellite,
and the information accumulated by the device is reset. The spatial
resolution of the KazEOsat-1 satellite is one meter, and the survey is
performed in panchromatic and multispectral modes.

The device simultaneously covers the territory of 20 by 20 km. The
shooting period is 3-5 days. Capacity — 220,000 square kilometers per
day.

The angle of inclination of KazEOsat-2's orbit is 98 degrees. And in
98 minutes, it makes a complete revolution around the Earth. It performs
14-15 revolutions per day. Of these, 5-6 times the satellite is in the radio
visibility zone of the antenna.
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Figure 7 — KazEOSat-1 Ballistics calculated based on telemetry data
(Photo by Grigory Bedenko)
Puc. 7 — bannucmuka KazEQOSat-1, paccyumaHHasi Ha 0cHoge daHHbIX mesreMempuu
(®omo puzopusi bedeHko)
Cnuka 7 — Banucmuka u3padyyHama Ha OCHO8Y merieMempujckux noGamaka camesiuma
KazEQOSat-1 (bomoepacpuja: puzopuj bedeHKo)

So-called flywheels are used to orientate KazEOSat-2 in space. This
is a system of gyroscopes that record the position of the device relative
to any static objects. And already for orbit correction, an ion engine
running on xenon is used. The orbit is adjusted approximately once a
month. There was already a case when the device evaded space debris.
At an altitude of 600-800 kilometers, there is a lot of it.

The Kazsat-2 radio visibility Zone covers an area of 3 by 4 thousand
square kilometers. Tracking the vehicle starts when it is only 5° above
the horizon. The antenna orientation is performed by an automated
system. The spatial resolution of Kazsat-2 is 6.5 meters per pixel. The
shooting mode is multispectral. The stage size is 77 by 77 kilometers.
The shooting period is 3-5 days. Productivity — one million square
kilometers per day.

Images obtained from satellites are received at the Group for
Photogrammetric Processing. The Department receives the original data.
First, the primary processing is performed — unpacking and decoding.

The primary product gets the code L-1 A. Next, a geometric
correction of the image is performed. It eliminates distortions caused by
inaccuracy of geo-linking, curvature of the Earth, and terrain. Distortion —
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optical distortions - is also eliminated. All software for this complex
processing is developed by French manufacturers, Figure 8.

Figure 8 — KazEOSat-2 satellite is controlled from here (Photo by Grigory Bedenko)
Puc. 8 — LleHmp ynpasnerus criymHukom KazEOSat-2
(®omo puzopusi bedeHko)
Cnuka 8 — LleHmap 3a ynpasrbare camenumom KazEOSat-2
(Pomoepadpuja: pueopuj bedeHko)

As a result, specialists receive three types of products:

L-3 — orthorectified image. This is when the objects in the image are
seen in the vertical plane. To do this, the corresponding orientation of
each pixel is made;

L-4 — digital terrain or terrain model; and

L-5 — stitched mosaic.

As a result, a single whole image is obtained, which has the widest
range of applications, in particular, when monitoring territories or
mapping.

The information is sent to the server and processed within two
hours. After that, the data is written to special storage media for
permanent storage. The server also has an array of RAM in which
shapshots are stored up to a certain period. The server receives up to 12
terabytes of data per day. One medium is designed for 1.5 terabytes.

Remote sensing data obtained from the orbiting satellites is most
reliable. In addition, this information is available on the whole territory of
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Kazakhstan. All hard-to-reach territories that are difficult to control are
clearly seen from space.

A special role is assigned to satellite information in geographic
information systems (GIS), where remote sensing of the Earth's surface
from space is a regularly updated source of data necessary for the
formation of natural resource inventories and other applications, covering
a very wide range of scales (from 1:10000 to 1:1000000).

At the same time, remote sensing information enables to quickly
assess reliability and, if necessary, update the graphic layers used (maps
of the road network, communications, etc.), and can also be used as a
raster "substrate" in a number of GIS applications, without which modern
economic and military activities are unthinkable today.

Use of remote sensing data in the armed forces,
other troops and military formations of the Republic of
Kazakhstan

Worldwide, the main consumers of remote sensing data (80%) are
law enforcement agencies and government agencies. Kazakhstan is no
exception. In Kazakhstan, 90% of consumers of the total volume of
satellite data are government agencies. In particular, 72% of the total
volume is presented to law enforcement agencies across the MD of RK.

To date, only Russia and Kazakhstan have their own satellite
systems in space among the CIS countries.

The Resolution of the Government of the Republic of Kazakhstan
dated May 31, 2012, No. 722, On approval of the rules for planning
space surveys, receiving, processing and distributing remote sensing
data by the national operator of the space system for remote sensing of
the Earth:

General provisions

A division of the Ministry of Defense of the Republic of Kazakhstan
is authorized to conduct control viewing procedures - remote sensing
data and to plan space surveys together with the remote sensing system
operator.

For the state bodies and the Armed Forces, other troops and military
formations of the Republic of Kazakhstan, data obtained from the
domestic remote sensing satellites are used to solve the following tasks:

- detection of forest fires, large emissions of pollutants into the
natural environment;

- monitoring of man-made and natural emergencies, including
natural hydrometeorological events;
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- monitoring of agricultural activities and natural (including water and
coastal) resources;

- land-use;

- operational observation of specified areas of the Earth's surface;

- monitoring the territory of possible hotbeds of hostilities and
violations within the state; and

- production of derived materials for space surveys.

The Center for Mlitary Space Programs of the Defense Ministry
produces a procedure of the control view - remote sensing data and, in
conjunction with the operator COP ERS to plan satellite imagery and
remote sensing data, provides the staffs and the management bodies of
the Armed Forces, other troops and military formations.

To fully solve all of the above tasks, it is necessary to create a unit
capable of processing data in the DZ Forces, other troops and military
formations of the Republic of Kazakhstan.

The photogrammetric analysis of remote sensing and UAV data
encompasses:

- photogrammetric thickening of the reference point network;

- the transformation or artifact repository space images (photos);

- decryption of satellite images (photos); and

- creating original updates (quickly corrected vector topographic and
special maps of large scales and creating a 3-d terrain Model based on
remote sensing and UAV data).

Training of specialists is possible at the National Defense University
named after the First President of the Republic of Kazakhstan — Elbasy,
together with the Center for Military Space Programs of the Ministry of
Defense of the Republic of Kazakhstan.

Thus, in the future, the Republic of Kazakhstan needs to create a
new generation of ultra-high-resolution mini-satellites such as fiber-optic
gyrostabilization systems, spacecraft equipped with the most modern
systems of unprecedented maneuverability, and train specialists for the
"Photogrammetric data processing center for remote sensing and
UAVS".

Conclusion

Analyses of modern military conflicts in the Persian Gulf and
Yugoslavia shows that contactless methods of armed struggle are
coming to the fore. The winner is the one who has highly accurate and
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up-to-date information about the enemy, ranging from a digital
description of the terrain of its territory, the location of troops and vital
objects to the climatic and weather conditions of the areas of combat
operations.

Data from remote sensing of the Earth is part of the information
required by the management bodies and headquarters of the Armed
Forces, other troops and military units in the course of their activities. In
addition to terrain data, there is a growing flow of operational-tactical,
intelligence, meteorological and geophysical information used in the
process of managing troops, which must be analyzed and taken into
account when preparing and conducting operations.

Integration of geographic information systems with rapidly
developing remote sensing systems will dramatically increase the
capabilities of modern GIS, allowing real-time updating of spatial
information, especially in the field of making important decisions.
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NMPUMEHEHWME OJAHHBLIX ANCTAHUMOHHOIO
30HONPOBAHMA B BOOPYXXEHHbLIX CUINAX PECIYBJTIMKA
KASAXCTAH

Epnan C. 3akves®, CepukxaH K. KoxaxmeTos®

@ HauuoHanbHbI yHMBepeuTeT 06opoHbl MMeHun Mepsoro MpeanaeHTta
Pecnybnukn Kasaxctan — Enbacel,
dPakynbTeT UMEPPOBLIX TEXHOMNOrMN N 6€30NacHOCTM MHPOPMALMOHHBIX
cucTem,
Kadeapa MMUTALUOHHOTO MOAENUPOBAHNS U MHPOPMALIMOHHBIX CUCTEM,
r. Hyp-CyntaH, Pecnybnuka KasaxctaH, KOppeCnoHAEHT,

® HaumoHanbHbIi yHuBepcuTeT 060poHbl MeHu MNepsoro MNpe3ngeHTa
Pecny6nukn KasaxctaH — Enbacel,
dakynbTeT MaTepuansHO-TEXHNYECKOrO obecneyeHmnst BOWCK,
kadegpa TbIOBOro obecneveHus,
r. Hyp-CyntaH, Pecnybnuka KasaxcrtaH

PYBPUKA TPHTW: 36.00.00 FTEOOE3NA. KAPTOIPA®UA:
36.29.00 Tonorpaduma. doTtoTonorpacus;
36.29.33 Tonorpadunyeckme 1 cneumnannanpoBaHHble KapThbl
1 nnaxsbl. LUndposbie Mogenm mectHocTr
BWO CTATbW: npodeccrmoHanbHas ctaTbs

Pe3swome:

BeedeHue/uens: [JaHHasi cmambsi HanucaHa C UEsblo O3HAaKOMIIEHUS
yumamernell C repcriekmueamu pa3sumusi KOCMUYECKoU cucmemb!
OucmaHUUOHHO20 30HOUposaHusi 3emmiu 8 Pecnybriuke KaszaxcmaH u
UCrofib308aHusl OaHHbIx  [33 8 npouyecce op2aHu3auuu
moroeeode3uydeckoeo obecriedyeHusi BoopyxeHHbix Curt, dpyaux eolick u
B8OUHCKUX ghopmupoesaHuli Pecriybrniuku Kazaxcman.

Memoodbi: [lNpumeHsii  aHanumu4deckull nModxod npu uccredosaHuu
MPUYUH, pas3sumue KOCMUYecKoU U UHGOPMaUUOHHOU mexHooaul
fpueesnu K KayecmeeHHbIM USMEHEHUsIM 8 ompacsu OucmaHUyUOHHOZ0
30HAuposaHusi 3emrnu. BbigoObi bbiriu cOenaHbl U Ha OCHO8aHUU aHasu3a
UCMOPUYECKUX acriekmoe CmaHoesneHUs1 U pasgumusi KOocMUYeckol
cucmemb! ucmaHUyUuoHHO20 30HOUposaHusi 3emnu. B daHHoOU cmambe
paccmampuearomcsi 80MpPOChkl KapOUHaIbHO20 YrlydWeHUsT cumyauyuu 8
obriacmu  2eouHghopmayUoHHO20 obecriedyeHusi BoopyxeHHbIx Curl,
Opyaux 80UCK U 80UHCKUX ¢hopmuposaHuUll 8 UHMepecax beszornacHocmu
Pecnybnuku KazaxcmaH ¢ ucronb308aHUeM Mamepuanog KOCMUYeCcKoU
CbEMKU B8bICOKO20 paspewieHuss C OMme4YecmeeHHO20 KOCMUYECKO20
annapama 0risi co30aHusi ¢ 0OHOBPEMEHHbIM OBHOBIEHUEM UUGPOBbIX
eocydapcmeeHHbIX morogpaghudecKux Kapm eceao MacuimabHoeo psida.

Pesynbmambi: B cmambe npusedeH Kpamkul 063op cucmem
ducmaHUUoHHO20  30HOUpOBaHUsi  3emru € UCMOSIb308aHUEM
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260UHOPMAaUUOHHbBIX  MexHomoaul  3apybexHbix 2ocydapcme U
Pecnybnuku Kazaxcmar.

Bbi80o0bi: Co3sdaHue creyuasnibHo20 rnodpasdesieHust
«®omoepammempu4eckoeo ueHmpa obpabomku OaHHbix 133 u BJTIA»
criocobHbIx obpabambisamb OaHHble [J/J3 u BJIA dnsi BoopyXeHHbIx
Cun, dpyeux solck U 8OUHCKUX GhopmuposaHul Pecriybriuku Kazaxcmar,
mak Kak mexHosroauu obpabomku OaHHbIX UMerom Maso obuie20 ¢
mpaduyuoHHol obpabomkol u rnpedcmasneHuemM 2eospaghudeckux
OaHHbIX, 00HaKo 2eoepaguyeckue OaHHble MO2ym MocayXumbe 6a3ol
0151 pewieHusi 6onbWOo20 Yucra rnpuknadHbIx 3aday.

Knrouesblie  criosa:  KocMu4yeckue — cucmembi — OUCMaHUUOHHOZ0
30HOUPOBAHUSI, aguayUOHHbIE U KOCMu4YecKkue cpedcmea, CrymHUKU,
fpocmpaHcmMeeHHoe pa3pewieHue, paduoMempuUYecKoe paspeweHue,
criekmparibHbil uana3soH.

NPUMEHA NMOAATAKA JOBUJEHNX OAJTbUHCKOM JETEKLINJOM
Y BOJCLUW PEMYBJIMKE KASAXCTAH

Epnax C. 3akvjes®, CepukxaH K. KoxaxmeTos®

@ HapogHu yHusepauteT oabpane ,MNpBy npeaceaHuK
Peny6nuke KasaxctaH — Enbacu”,
dakynTeT MHDOPMaLMOHMX TEXHOMOrKja 1 6e36eaHOCTM NHAOPMALIMOHMX
cuctema,
Kartegpa cumynaumoHor MmoaenoBaka U MHPOpMaLUoHKX cUCTeEMA,
Hyp-CynTtaH, Penybnuka KasaxctaH, ayTop 3a npenucky,
6 HapogHu yHuBep3auTeT oabpaHe ,IpBu npeaceaHuk
Peny6nuke KasaxctaH — Enbacu”,
dakynTeT BojHe noructuke, Operberwe NorucTuke,
Hyp-CynTtaH, Penybnuka KasaxcrtaH

OBJTACT: uHdopmaumoHe TeXHonormje, reonHopmMalnoHe TexXHorornje
BPCTA YJTIAHKA: cTpy4Hu pag

Caxemak:

Yeod/uyure: Lurb 0oz pada jecme yrio3Hagaw-€ ca repcriekmusama
bydyhee pasgoja ceemMupckux cucmema darbUHcKe demekuyuje 3emrbe y
Penybnuuyu  KasaxcmaH. Kopuwhenu ¢y nodayu  OarbUHCKoe
ucmpaxuearba y npouecy opeaHusosarba moriozpaghcke U 2eodemcke
nodpwke OpyxkaHuM CHa2ama, ocmarsnum mpyrnama U 80jHUM jeduHuuama
Penybnuke Kazaxcmar.

Memode: Y pady ce pasmampa HU3 KpyuujanHux rnumarka y eesu ¢
nobosrbWwakeM cmara y obnacmu 2eouHgopMmayuoHe nodpliKe
Opy»xaHum cHazama, ocmarum mpyrnama U 80jHUM jeduHuuyama a oOHoce
ce Ha 6e3sbedHocHe uHmepece Penrybriuke KazaxcmaH. KopuwheHu cy
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camernumcKu CHUMUU 8UCOKe pe3osTyyuje Koju cy CHUMIbeHU ca domahe
ceemupcke rnemenuuye padu uspalde U axypuparba JOuaumarnHux
OpxkasHUX mornogpagbCKux Mara 3a UesioKynaH pasmMepHU HU3.

Pesynmamu: Pad cadpxu kpamak npeared cucmema OarbUHCKe
demekuyuje 3eMrbe Koju KOpuCme KakKo cmpaHe 2e0UH@OpMayuUoHe
mexHorioauje, mako U 2eouHghopMayuoHe mexHosiozuje Perybriuke
Kazaxcmar.

Sakbyyvak: HeorxoOHo je ¢hbopmuparse nocebHoz oderbera (,Llenmap
3a ¢pomoepamempujcky obpady nodamaka MPUKY/bLEHUX Y3 romoh
OarbuHcKe demekuyuje ca becriuriomHux nemenuya’) Koje 6u ce 6asursio
obpadom npukyrnrbeHux roGamaka 3a rompebe OpyxaHux CcHaza,
ocmarnux mpyna u eojHux jeduHuua Penybruke KasaxcmaH, ¢ 063upom
Ha mo Oa mexHoriozuje obpade nodamaka Hemajy MHO20 3ajeOHUYKO2 ca
KOH8EHUUOHaHoM 06padoM U rnpe3eHmauyujom eogpaghckux rnodamaka.
lMNoped moea, nMpuKyn/beHu a2eozpaghcku nodayu moay 0a Mocryxe Kao
OCHO8 3a peuiagaH-e 8es1uKoz bpoja akmyersiHuUx rpobnema.

KrbydHe peyqu: ceemMupcku cucmemu 3a O0arbUHCKO OemeKmoearbe,
gasdyxonnogHa U ceemupcka cpedcmea, camernumu, [POCMOPHa
pesonyuuja, paduomempudka pe3osyyuja, CeKmpasHU PacrioH.
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Abstract:

Introduction/purpose: The consequences of the NATO aggression on the
Republic of Serbia (then part of FR Yugoslavia) in 1999 are still being
considered, especially from the aspect of the use of illicit means such as
cluster and graphite bombs, depleted uranium ammunition (DUA), etc.
There is no doubt that the use of depleted uranium, as a type of weapon
of mass destruction (radiological weapon) is mostly in the focus of public
interest. The amount of DUA used and the consequences of its use have
not yet been fully proven (even after 20 years), but it can be said with
certainty that it has caused certain side effects. The units of the Yugoslav
Army at that time were mostly the target of this type of ammunition and
certainly suffered the greatest consequences. However, DUA also
targeted infrastructure facilities, base stations, television transmitters, and
agricultural land.

Methods: Special scientific methods (mainly analysis and synthesis
methods) and empirical methods (content analysis method and
observation method) were used in the paper.

Results: The consequences of the effect of DUA on people, material
goods, and environmental degradation are considered as well as the
directions of further work in this area.

Conclusion: The paper presents the results of the radiological
reconnaissance and radiological decontamination of the contaminated
DUA areas, which were carried out by ABH service units (then ABHO)
with the help of other branches and services of the Serbian Army, as well
as the institutions of the Republic of Serbia (INS ,Vin¢a“, MMA, eftc.).

Key words: uranium, depleted uranium ammunition, ABH service,
reconnaissance, decontamination.
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Introduction

Uranium-238 (*8U or U-238) is the most common uranium isotope
that can be found in nature (about 99.3% of the mass of natural uranium
is uranium-238). Unlike uranium-235, it is not subject to fission, which
means that it cannot sustain a chain reaction. However, it is flexible for
fast neutrons and fertile, which means that it can be converted into
fission plutonium-239. The half-life of this element is 1.41 X 1017
seconds (4.468 X 109 years, i.e. ~ 4.5 billion years). Due to its
distribution in nature and half-life in relation to other radioactive elements,
uranium-238 produces ~ 40% of the radioactive heat produced inside the
Earth. (Arevalo et al, 2009, pp.361-369)

Depleted uranium is a toxic by-product of the natural uranium
enrichment process and is highly hazardous radioactive waste. It was
stored until the beginning of the seventies of the last century, after which
it began to be used for the production of projectile penetrators. This is the
main reason for the public attention this type of weapon has gained in the
last thirty years, starting from its first official use in 1991 in Iraq, and then
through the Republic of Srpska (RS/BiH), the Republic of Serbia, Libya
and others countries. It is certainly necessary to state that this type of
radiological weapon indiscriminately, inhumanely and insidiously causes
consequences for both the winners and the losers. (Rajkovi¢, 2001,
pp.167-182)

The harmful effects of depleted uranium have been known to a
narrow circle of experts in the United States for a very long time. It is
estimated that in the United States alone, close to 900,000 people were
exposed to the harmful effects of depleted uranium between 1945 and
1995 (uranium miners, their families, laboratory workers in Los Alamos
and Oak Ridge, residents of the regions around nuclear power plants,
residents of the Marshall Islands, members of the U.S. military, etc.).

During the NATO aggression on FR Yugoslavia, thousands of
depleted uranium projectiles were fired from A-10 Thunderbolt Il aircraft
targeting army units as well as certain facilities.

According to NATO data, this ammunition was fired at: 84 locations
on the territory of Kosovo and Metohija (KiM), 10 locations on the territory
of the Republic of Serbia and 1 location on the territory of the Republic of
Montenegro with a total of 112 DUA strikes. Data from the then Yugoslav
Army (YA) show: 85 locations on the territory of Kosovo and Metohija, 4
locations on the territory of the Republic of Serbia and 1 location on the
territory of the Republic of Montenegro with a total of 99 DUA strikes.
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From the above we can conclude that there are different data on the
use of DUA in the area of the Republic of Serbia, but certainly the data of
the YA (now the Serbian Army) must be taken as valid, because they
were verified in the field (by conducting radiological surveys of the
affected areas).

Immediately after DUA strikes and after a certain period of time,
army units (mainly ABH services) performed radiological (R)
reconnaissance of the contaminated areas. After reviewing the
consequences, preparations were made for the subsequent elimination
of the consequences of the application of DUA with a focus on
radiological decontamination.

The paper aims to show the way of realization of these tasks, the
problems that the Army units encountered, but also to highlight the
successes that have been achieved in the remediation of the areas
contaminated with DUA. The Serbian Army (YA, AS, and MN) is the first
to completely remediate the consequences of the use of DUA in the
world, especially in the segment of radiological decontamination. (Indi¢ &
Filipovi¢, 2018, pp.259-281)

Basic characteristics of depleted uranium

As already mentioned, uranium (U, lat. Uranium) is a chemical
element from the group A actinoids of group Il B. Among the elements
that occur naturally on Earth, it has the largest atomic number a (92) and
it is weakly radioactive. Natural uranium occurs in the form of 3 isotopes:
238 (99.284%), 2*°U (0.711%) and slightly 2*U (0.0058%). The isotope
235U undergoes spontaneous nuclear separation under the influence of
thermal neutrons. The isotope #*®U receives neutrons, as a result of
which it is converted into ***Pu (plutonium). Also, the artificial isotope ?**U
separates the nucleus, and is obtained by bombarding #*’torium with
neutrons. (Meija et al, 2016, pp.265-291)

Uranium is a relatively soft, silvery-light metal of high density. It
occurs in three allotropic modifications, Table 1 (Binder, 1999, pp.674-
682).

Powdered uranium is self-igniting. Most acids dissolve uranium in a
metallic form, while bases do not "attack" it. On exposure to air, a layer of
oxide is formed on the surface of uranium metal, which protects it from
further oxidation. (Brauer, 1975, p.1195)

Uranium builds a whole series of compounds in which it can be in
states from +2 to +6. The color of the uranium complex, as a rule,
strongly depends on the oxidation number, but also on the ligand in the
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environment. The following combinations of color and oxidation state
most often occur in aqueous solutions, as well as in solid compounds:
U* (purple), U** (green), UYO," (pink), and UY'0,?* (yellow). (Holleman et
al, 2007)

Table 1 - Modifications of uranium at atmospheric pressure
Tabnuuya 1 - Modugukayuu ypaHa rpu ammocghepHom dasrieHuu
Tabena 1 — Moducgpukayuje ypaHujyma npu ammocghepcKkoM rnpumucky

Phase Stable Crystal system
temperature range
G- uranium to the 688 °C ozthorhomblc (a=285.4 pm, b=586.9 pm,
¢c=495.6 pm)
B- uranium between 688 °C and tetragonal (a=1075.9 pm,
776 °C c=565.6 pm)
Y- uranium above 776 °C cubic (a=352.5 pm)

Uranium is present in the form of chemical compounds in the
amount of 2.4 ppm in the nature. It can be found in rocks, water, plants,
animals, and even in the human body. It also occurs in larger quantities
in minerals, the most important of which are:

* uranium U3Og and

° K2(U02)2(VO4)2 ° 2H20

Uranium is an extremely toxic element, very similar to mercury and
arsenic. The degree of toxicity depends on the chemical composition and
solubility of the compound it forms. Toxicity depends, among other
things, on their solubility. Easily soluble salts of uranium are the most
toxic, while sparingly soluble oxides are less toxic. Uranium is
teratogenic, i.e. causes deformities and / or damage to the fetus in the
womb. The most toxic are compounds in which uranium is hexavalent.
Uranium is at the same time a radioactive element, so that it has a
harmful effect on the organism by alpha-gamma emission.

Humans can be contaminated with uranium during all phases of
exploitation, processing and use in several ways:

* by inhalation (via the respiratory system),

* ingestion (via food and water, through the digestive system), and

« through the skin, both healthy and damaged (wound) or diseased.

Regardless of the route of contamination, the ingested uranium

binds to proteins, bicarbonates and erythrocyte membranes (red blood
cells) in the blood. Only an hour later, 95% of the matured uranium
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disappears from the blood, out of which over 50% is excreted through the
kidneys and urinary tract. The remaining uranium is deposited in the
body. As we can see, the most important way to eliminate uranium from
the body is through the kidneys and urinary tract.

Depleted uranium concentrations can be determined by several
methods:

1. gamma spectrometric method,

2. alpha spectrometry,

3. alpha radiometry,

4. atomic absorption spectrometry, with a flame detector, and

5. neutron activation analysis using gamma spectrometry.

All methods except the gamma spectrometric analysis require a very
complicated sample preparation or are very expensive. The gamma
spectrometric analysis enables a very simple sample preparation which
requires only its homogenization. This method can be used to analyze all
types of samples: soil, vegetation, water, air, food, and urine. The
sensitivity of the method is 80 pug. (Puri¢ & Popovi¢, 2000, pp.50-52)

If an increased degree of radioactive contamination (above 0.5
uGy/h) has been determined in a certain area, the area should be
marked with a contaminated soil marking kit (CSM kit) or hand tools and
samples should be taken for analysis. Samples are taken from the place
where the greatest contamination was determined and from the place of
the outer borders of the marked contaminated area, i.e. from 3 to 5
places. All samples should weigh about 1.5 kg. Sampling is realized as
follows:

1. Soil - it is necessary to take two samples, individual masses of
about 1.5 kg:

Sample I: the surface layer of vegetation or soil with an area of 1 m?.

Sample II: another sample of the soil layer is taken from the same
surface to a depth of 2 cm. (Serbian Armed Forces - General Staff, 2000,
pp.14-15)

2. Water - it is necessary to take 40 | of previously turbid water.

3. Air sample is taken by special devices (e.g. chemical detectors),
through a cellulose-asbestos filter (the sample is the filter itself). The
aerosol sample is taken as soon as possible and as close as possible to
the place of explosion, and it can be taken later in the period of up to 2
weeks from the moment of strike.

4. Food sample of plant and animal origin is taken in the amount of
about 1.5kg, taking into account the volume.
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5. Urine - the exposed person collects a 24-hour urine sample in a
special container.

6. Parts of the projectile - due to the large specific weight of the
material from which the projectile was made and the required geometry
of measurement, it is necessary to take several smaller pieces, with a
total weight of about 1.5 kg.

All samples should be:

- packed in PVC bags or containers (which have been checked for
contamination),

- closed and marked well (date and place of the sampling, date of
strike, quantity, who took the sample, etc.), and

- submitted to the competent institution for analysis, with the
necessary supporting documentation which is adequately completed.

The main application of uranium is the use of its *°U isotopes as a
material for the production of nuclear bombs, nuclear reactors in nuclear
power plants, as well as for the launch of submarines.

Other applications of uranium:

* used for painting ceramics, but no longer used due to its radiation;

« 28 is converted to plutonium in atomic reactors;

* uranium metal is used as a shield in X-ray generators due to its
large atomic mass;

* also used in photography and chemical analyses.

Natural uranium has three isotopes (***U (0.006%), **U (0.71%),
and 2*8U (99.28%)) but only ?°U (as a natural nuclear fuel) is important
for nuclear energy, while its content does not fall below 0.2-0.3 %. When
this happens, it is called depleted uranium ?**U (depleted as a nuclear
fuel, but not harmless from the aspect of protecting the human
population). It occurs most often:

* as a by-product of the process of enrichment of natural uranium for
the needs of nuclear reactors and nuclear weapons (**U) and

* when extracting plutonium from the spent fuel of nuclear reactors.

Due to its characteristics of action: high mechanical (penetrating)
effect, high temperature when hitting an object (pyrogenic effect), and
consequences on people (radiological effect), depleted uranium began to
be used by the NATO alliance in almost all armed conflicts after 1990
(Iraq, Republic of Srpska (Bosnia & Herzegovina), Republic of Serbia,
Libya, Somalia, Haiti, etc.).
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The following calibers of this type of ammunition are most often used
for military purposes (Figure 1):

* 25 mm (BVP M2A2 and M3A3 Bradley - 85 g),

* 30 mm (aircraft A-10 Thunderbolt I - 298 g),

* 105 mm (tank Abrams M1, Leopard - from 2200 to 3700 g), 120
mm (tank Abrams M1A2, Leclerc, Challenger - 5 kg). (Serbian Armed
Forces - General Staff, 2000, pp.25)

I

Figure 1 — Means for the application of DUA: A-10 Thunderbolt Il aircraft and tank

Abrams M1A2
PucyHok 1 — Cpedcmea 0ns npumeHeHuss 6OY: aguayus A-10 Thunderbolt Il u maHk
Abrams M1A2
Cnuka 1 - Cpedcmea 3a npumeHy MOY: easdyxonnos A-10 Thunderbolt Il u meHk
Abrams M1A2

Certainly, the biggest problem for people when coming into contact
with this type of illicit weapon (in addition to inhaling uranium oxide) is the
delayed effect of DUA, and the consequences can be felt even after a
few years.

Reconnaissance of the areas contaminated with

depleted uranium ammunition

In the introduction, it was mentioned that the territory of the Republic
of Serbia (without AP KiM) was targeted with DUA at 4 locations, namely:
Pljackovica (near Vranje), Borovac (near Bujanovac), Bratoselce, and
Reljan (near PreSevo), Figure 2. (Indi¢, 2018, p.143)
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Figure 2 — Areas contaminated with depleted uranium ammunition in the area of
R. Serbia (without AP Kosovo and Metohija) during the 1999 NATO aggression
PucyHok 2 — _ 30HbI, nopaxeHHble 6oernpunacamu ¢ 06e0HeHHbIM ypaHOM & palioHe
P. Cepbus (6e3 AK Kocoso u Memoxusi) o spemsi azpeccuu HATO e 1999 a.
Cnuka 2 — PejoHu KoHmMaMuHuUpaHu MyHUUUjoM ca ocupoMalieHuM ypaHujyMoM Ha
nodpyyjy P. Cpbuje (6e3 Al KuM) mokom HATO aepecuje 1999. eoduHe

Units of the ABHO (then the Yugoslav Army) performed a
radiological survey of the mentioned areas and marked the contaminated
ground for the purpose of later remediation of the consequences. On that
occasion, the following was established at the above locations:
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« Location 1 - "Pljagkovica", contaminated area: about 2500 m?,
radioactivity: from 5500 to 235000 Bq / kg (Figure 3),

* Location 2 - "Borovac", contaminated area: approx 1500 m?,
radioactivity: over 250 Bq / kg (Figure 4),

+ Location 3 - "Bratoselce", contaminated area: about 5500 m?
radioactivity: from 1800 to 23400 Bq / kg (Figure 5), and

* Location 4 - "Reljan", contaminated area: about 6800 m?,
radioactivity: over 200 Bq / kg (Figure 6).

Figure 3 — Location 1 "Pljackovica"
PucyHok 3 — Jlokayus 1 «lnsykosuya»
Cnuka 3 — Jlokayuja 1 — [lbaykosuya”

Figure 4 — Location 2 "Borovac”
PucyHok 4 — Jlokayus 2 «boposay»
Cnuka 4 — Jlokayuja 2 — ,boposay,”
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Figure 5 — Location 3 "Bratoselce"
PucyHok 5 — Jlokayusi 3 «bpamocenue»
Cnuka 5 — Jlokayuja 3 — ,,bpamocenue”

Figure 6 — Location 4 "Reljan"
PucyHok 6 — JTokayus 4 «PensiH»
Cnuka 6 — Jlokauuja — 4 ,PerbaH”

The radiological reconnaissance was performed in accordance with
the then valid rules and instructions of the ABHO units, and after the
experiences gained on that occasion, the appropriate tactical actions of
the ABHO units were changed and a new Instruction was issued.

For the radiological reconnaissance (R reconnaissance) of a location
of DUA strikes, a group (reconnaissance body) is formed, consisting
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generally of: radiological reconnaissance scout and group commander at
the same time; chemical reconnaissance scout; explosive technician;
physician, and reconnaissance vehicle driver. The equipment for R
reconnaissance includes calibrated detectors of the type of radioactive
contamination meter (RCM M-87), detector from the radiometric
laboratory M2 (KOMO-TM), and general purpose radioactive radiation
detector (GPRRD) or radiological detector (RD-M3). The detector probe
window (KOMO-TM, RD-M3) must be open. RCM and GPRRD detectors
must be protected by a plastic bag secured with an adhesive tape
(rubber band). (Serbian Armed Forces - General Staff, 2014, pp.48-50)

For chemical reconnaissance (X reconnaissance), manual and semi-
automatic chemical detectors should be provided, which in addition to
formation detectors must also have indicator tubes (IT) for qualitative
detection and quantitative determination of toxic gases produced as a
product of explosives combustion (CO,, CO, NOx, HCN).

A shovel, a sampling set (KUM-1), plastic bags or sacks, metal
containers with lids (so that they can hold a minimum of 1.5 kg of
samples) and labels for marking samples are carried for sampling. A set
of vehicle decontamination equipment (VDE) or a group decontamination
device (GDD), and personal decontamination equipment (PDE M-3) are
carried in case decontamination is needed. It is important to note that the
physician must have medical supplies to provide for first aid for injuries
from explosives and toxic chemicals (TC).

After receiving the order and preparing the equipment, the
reconnaissance body puts the protective equipment in the preparatory
mode and starts the reconnaissance. During the movement to the area of
DUA action, the natural background of gamma radiation is occasionally
controlled (from the vehicle). (Indi¢, 2018, pp.141-144)

Upon arrival in the wider area of operation, the radiological
reconnaissance scout turns on the KOMO-TM, while keeping the RCM
M-87 in a pouch on a belt placed over the protective suit, and the
chemical reconnaissance scout turns on the semi-automatic chemical
detector (SACD) with a formation IT and prepares a hand-held chemical
detector with a specific IT. About 300 m from the DUA strike site, the
vehicle stops. Upon exiting the vehicle, the scouts put protective
equipment in a protective position. The scout for R reconnaissance, at a
distance of 10m from the vehicle, controls the natural background of
gamma radiation and the degree of soil contamination. The control is
repeated in several places around the crater of the explosion, i.e. the
place of DUA strike (in each place, 3 measurements are carried out and
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the mean value is taken), Figures 7 and 8. (Serbian Armed Forces -
General Staff, 2014, pp.48-50)

Figure 7 — Radiological reconnaissance of the place of DUA strike
PucyHok 7 — UsobpaxeHue paduonoaudeckol pa3gedku yd4acmku 6OY
Cnuka 7 — lNpuka3 paduonowkoe ussufara Mmecma dejcmea MOY

Figure 8 — Measurement of the radioactive contamination of DUA samples on the ground
PucyHok 8 — UamepeHue paduoakmugHoz20 3azpsisHeHus1 obpa3uyos 5OY Ha noyse
Cnuka 8 — Mepere paduoakmusHe KOHmamuHauuje y3opaka MOY Ha 3emrbuwmy

During R reconnaissance, special attention must be paid to the
altitude and the location where the measurements are performed,
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because the natural background of radioactive radiation can be 5 to 10
times higher than the average value for the territory of R. Serbia, which is
about 0.1 uGy/h. After that, the degree of contamination is measured
with the radiological device KOMO-TM (or RD-M3) with an open probe
(the scout lowers the cable with the probe next to the foot, taking care not
to touch the grass and other plants).

If there is a significant deviation from the typical natural background
(deviation values greater than 0.5 uGy / h), from that point the scout for X
reconnaissance takes soil samples as follows:

« first, the layer of vegetation is removed from the surface of 1 m?
with an ax and thus the first sample is formed;

» another sample is taken from the same surface by removing soil
about 2 cm deep.

The mass of each sample must be up to 1.5 kg, and soil samples
are taken from the place where the greatest contamination was
determined (3 to 5 places). Air sampling is taken with a special device
(chemical detector) and filtering through a cellulose-asbestos filter with a
minimum of 100 m* of air. The area in which the increased degree of
radioactive contamination was determined is marked with a set of CSM.
The value of radiation taken as the limit of the contamination area is 0.5
uGy/h. (Serbian Armed Forces - General Staff, 2014, pp.48-50)

The scout for X reconnaissance controls the presence of TC with the
help of SACD, and determines a possible presence and concentration of
other toxic substances with a hand-held chemical detector (Figure 9).

Figure 9 — Method of detection of toxic chemicals
PucyHok 9 — Memod o0bHapyxeHUs1 MOKCUYHbIX XUMUKamoe
Cnuka 9 — HaquH demekyuje ompo8HUX XeMUJCKUX CyrncmaHuyu
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After the R and H reconnaissance of the areas contaminated with
DUA, it was possible to eliminate the consequences with a focus on
radiological decontamination.

Two important facts must be stated here:

« first, during the R and X reconnaissance, the DUA effects on the
flora and fauna in the contaminated areas were not considered, which is
of exceptional importance from the aspect of complete protection
(humans, flora and fauna, as well as the environment), and

+ second, several years passed from the moment of the
reconnaissance of the areas contaminated with DUA to the moment of
the remediation or radiological decontamination of the area (3 to 8
years).

Decontamination of the areas contaminated with
depleted uranium ammunition

Starting in 2001, with the adoption of the then unique algorithm of
work on decontamination of areas contaminated with depleted uranium
ammunition, the remediation work began as follows:

» Cape "Arza" in R. Montenegro, remediated in 2001 and 2002,

* location "Bratoselce", remediated in 2002 and 2003,

* location "Pljackovica", remediated in 2004,

« two locations in the area of "Borovac", remediated in 2005, and

* location "Reljan", remediated in 2006 and 2007.

The manner in which the remediation i.e. decontamination of the
areas contaminated with DUA was performed will be shown on the
example of the "Bratoselce" area. The Proposal of CGS YA to the
President of the State and the Prime Minister of the Republic of Serbia
for the permanent solution of the remediation of contaminated areas (at
the beginning of 2002) preceded the creation of the Contaminated Soil
Remediation Project at the "Bratoselce" location and its submission to
the then Federal Government for adoption.

After the adoption of the project, the realization started with the
participation of units and institutions of the then AS and MN and
members of the Institute of Nuclear Sciences "Vinca" (INS "Vinca"). The
project was managed by an expert team: three members from AS and
MN and three members from the INS "Vinca". The engagement in the
implementation of this activity was as follows:

* ABHO SA Management (project implementation management);

* ABHO SA units (performing R decontamination);
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* INS “Vinga” (professional assistance and participation in R
decontamination);

* MMA (medical supervision and examination of personnel);

* Engineering units (communication and R decontamination
assistance);

« other AS and MN units (security and logistics).

The dosimetric control of the contaminated area began in mid-
September 2002 with the aim of:

« finding depleted uranium ammunition,

* removal of DUA and contaminated soil and their disposal in the
special facilities of INS "Vinc¢a",

* removal of fences and danger signs and return of land to its
original purpose.

The efficiency of detection and decontamination was influenced by
the following factors:

» knowledge of microlocation (traces of strikes after three years were
not noticeable);

* soil characteristics - increased concentration of natural uranium
and geological composition made it difficult to detect and decontaminate
(projectiles were detected at depths of 50 to 100 cm);

» characteristics of the measuring equipment — it was mainly
domestic equipment, because the procurement of foreign equipment was
very difficult (as a whole, domestic equipment showed satisfactory
results);

» detection methods - radiological search of the surface part by
sectors (very difficult due to low surface contamination), removal of the
surface layer and re-detection and finally digging of characteristic
sections to a depth of 1 m.

The decontamination works began with the arrangement and
preparation of the area of works and the organization of security. The
following were engaged in the realization of the task: the working team
for work on decontamination (professional members of ABHO and the
Military Academy, as well as the experts from the INS "Vinca") and the
unit for security and logistics (from the ABHO unit then AS and MN).

The working team worked in three groups:

* clearing group,

» dosimetric examination group, and

* penetrator removal group.
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With this work organization, a probability of finding contamination
was higher than 90% and a possibility of "failure" in finding and extracting
depleted uranium projectiles was almost certainly ruled out.

For more efficient work on the decontamination of DUA
contaminated areas, the members of engineering units also participated
with engineering machines in field preparation (construction of access
communications) and R decontamination (removal of the upper layer of
contaminated soil), Figure 10.

Figure 10 — Soil decontamination using engineering machines
PucyHok 10 — Obe33apaxusaHue ro4Ysbl UHXEeHePHbIMU MawluHamu
Cnuka 10 — [JekoHmamuHayuja 3emrbulima yrnompebom UHXUH-epUJCKUX MallUuHa

Due to a large volume of work and unfavorable weather conditions,
the works had to be stopped at the end of 2002 and continued in the
spring of 2003 (Figure 11), when the area of the village of Bratoselce was
completely decontaminated from depleted uranium.
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Figure 11 — Scheme of the contaminated land in the village of Bratoselce
PucyHok 11 — Cxema 3a2psi3HeHHOU ro4ebi 8 depesHe bpamocenue
Cnuka 11 — lllema koHmamuHupaHoa 3emrbuwima y cesy bpamocenuye

The results and experiences in the remediation of the consequences
of the DUA use in the area of the village of Bratoselce can be presented
as follows:

* complete decontamination of the contaminated soil (area of 54
ares) was performed;

* over 320 penetrators and more than 300 shells from depleted
uranium projectiles were found (the largest number at a depth of 50 to
100 cm);

* about three tons of contaminated soil were collected:;
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* parts of DUA and contaminated soil were deposited in the special
warehouse of the INS "Vinca";

* Members of the army achieved high competency by applying the
experience from the decontamination of Cape Arza in R. Montenegro;

* measuring instruments of domestic production were used (KOMO-
TM, RCM, SACD, etc.);

* due to the acquired experiences and characteristics of the soil, the
following tasks were realized much faster (remediation of the Pljackovica
region near Vranje, Borovac near Bujanovac and the Reljan region near
PreSevo).

After performing gamma spectrometric analyzes on 25 samples
taken from the area of the village of Bratoselce, it was proven that the
site was completely decontaminated, i.e. the effects of depleted uranium
were remediated according to the requirements of the construction
project.

Once again, it must be pointed out that more than three years
passed from the moment of DUA strikes to the decontamination of the
area, which could have resulted in the pollution of the flora and fauna as
well as the environment at the said location.

Conclusion

The use of depleted uranium ammunition by the NATO countries
has led to serious consequences for people and the environment in the
countries targeted by this type of prohibited weapon. The goal of using
this type of weapon, in addition to the military one, is certainly to solve
the problem of radioactive waste in the NATO countries that possess it,
especially when the half-life of uranium (about 4.5 billion years) is taken
into account.

Even after several decades of the application of DUA in the area of
the Republic of Serbia, conclusions are drawn about the scope and
severity of the consequences of its application. To that end, in 2018, the
Assembly of the Republic of Serbia formed a Commission to investigate
the consequences of the NATO bombing in 1999 on the health of citizens
and the environment (Cekerevac, 2018). The task of the commission,
among other things, is to determine the negative effects of toxic chemical
substances in the destroyed facilities of the process industry
("Petrohemija" and "Azotara" Pancevo, facilities of the oil industry of
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Serbia, facilities of military industry in Baric, Lucani, Kragujevac and
many others) south R. Serbia, etc. (Indi¢, 2012, pp.288-307)

Faced with the problem of a new type of weapon, the units of the
Serbian Army (YA, AS and MN) decisively and bravely chose the optimal
method of implementation, first radiological reconnaissance, and later
radiological decontamination of the areas contaminated with depleted
uranium. The competent institutions of the Republic of Serbia, such as
the INS "Vin¢a", the MMA and others, provided them with great help in
the realization of the mentioned tasks.

Certain problems that arose during the implementation of the
remediation of the areas contaminated with DUA were:

+ delayed effect of DUA (radiological decontamination was realized
much later than the use of DUA);

* soil characteristics - increased concentration of natural uranium
and geological composition made detection and decontamination difficult
(projectiles were detected at depths over 50 cm);

» characteristics of the measuring equipment - mainly domestic
equipment was used (which showed good results);

 detection methods - radiological search of the surface area by
sectors (very difficult due to low surface contamination);

» work for a longer period of time with protective equipment in a
protective position (so radiological decontamination was mostly realized
in late autumn or early spring);

+ insufficient experience in working on remediation of DUA
consequences, etc.

Despite the mentioned problems, the units of the army, together with
competent state institutions, successfully realized the remediation of the
areas contaminated with depleted uranium on the entire territory of the
Republic of Serbia (without the autonomous province of Kosovo and
Metohija). It must be especially emphasized that the Army of Serbia (YA,
AS and MN) was the first in the world to completely perform radiological
decontamination of areas contaminated with depleted uranium
ammunition, without the help of other countries.

The experience gained at that time served for further improvement of
tactical actions and procedures of ABH service units in eliminating the
consequences of the use of radiological weapons, as well as for training
in eliminating the consequences of nuclear and chemical accidents in
peacetime. (Indi¢ et al, 2015, pp.215-239)
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BOCCTAHOBEHVE MECTHOCTU, MOPAXXEHHOW CHAPALAMM
C OBEAHEHHbLIM YPAHOM

HesiH P. Hgxny

YHuepcuTeT 060poHbI B I. benrpaa, BoeHHas akagemus, kacdenpa TakTuku,
r. benrpag, Pecnybnuka Cepbusa

PYBPUKA TPHTW: 78.00.00 BOEHHOE OENO:
78.25.12 Xumuyeckoe, buonornyeckoe 1 saxuratenoHoe
opyxue. CpeacTtea 3aluTbl OT OPYXUS
MaCCOBOI0 Nopa)xeHus
BWO CTATbW: npodeccrnoHanbHas ctaTbs

Pe3some:

Besederue/yenb: lNocnedcmeusi agpeccuu HATO npomus Pecriybriuku
Cepbusi & 1999 20dy (8 mo epems exodusweli 8 cocmae Cor3HoU
Pecnybnuku HOzocnasusi) paccmampusaromcesi 0o cux rop. Ocoboe
8HUMaHUEe r0CesAUEHO 80rpocy MPUMEHeHUs 3arpeuleHHbIX cpedcms,
makux KaK:. KaccemHble U epaghumosbie 6ombbl, boerpurnacbl C
06edHeHHbIM  ypaHoMm (BOY) u np. be3ycrogHo, 4mMoO rfpuMeHeHuUe
06e0HeHHO20 ypaHa Kak euda OpyKusi Maccogoz20 [OpaxXeHUs
(paduoroeu4eckozo opyxusi) Haxodumcs 8 ueHmpe obuwecmeeHHO20
8HUMaHus. Hecmompsi Ha mo, Ymo Konu4ecmeo ucrnosnb3yemozo bOY u
rocredcmeusi om ux rMpuMeHeHUs1 00 CuX Mop He ymeep»K0eHb! (xoms u
npowrio 20 nem), MOXHO C YBEPEHHOCMbIO CKaszamb, 4Ymo UX
rpuMeHeHUe  8bI3gario  orpedernieHHbie  060oYHble  3gbcheKmbl.
lModpa3sdeneHusi HOzocrasckol apmMuu S6MAANUCH 2/1asHOU  MULIEHBIO
OaHHbIX CHapsidoe U, 6e3ycrioeHO, UMEHHO Yy apMuu 8bisI8/IeHO
Hauborbwee  Konudyecmeo HeeamugHbIX  riocriedcmeuli.  OOHaKo
cHapsidamu QY maroke 6binu nopaxeHb! 06LeKmbI UHGhpacmpyKmypel,
6a3oebie cmaHyuu, mesiesUu3UOHHbIe balwHU U CerlbCKOX03AUCMeeHHbIe
y200bs1.

Memoodbi: B pabome npumeHsinuce crieyuarbHble Hay4YHble Memoobl (8
OCHOBHOM MemoObl aHanu3a U cuHmesa) U aMrupuyeckue memoobl
(Memod KoHmeHm-aHanu3a u Memod HabnoeHus).

Pesynbmambi: B cmambe nposedeH aHanuiz  nocrnedcmeud
go3deticmeusi BOY Ha HaceneHue, MamepuarnbHOe UMYyWecmeso u
paspywieHue oKpyxarouiel cpedbl, a makxe paccMompeHbl 803MOXHbIE
HaripaesrneHusi OarbHeliuel pabomsi 8 daHHOU obsiacmu.

Bbigodbl: B cmambe npedcmaesieHbl pe3ynbmambl paduorosudeckol
paseedku u paduorioeudeckoeo obesgpexusaHusi rnopaxeHHolu bOY
MecmHocmu, Komopble Obifu  8bInosiHeHb! nodpasdeneHusmu PXb
(moeda PXB3) ¢ nomouwibto Opyaux rodpasdernieHuli u cryx6 cepbckol
apmuu, a makxe 2ocydapcmeeHHbIX yuYpexoeHuli Pecriybriuku Cepbusi
(HUW «Buryva», BMA u nip.).

Knouesnle criosa: ypaH, boenpunacbl ¢ 06€0HEHHbIM ypaHOM, 80licKa
PXB, passedka, obesspexusaHue.
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CAHALUMJA NMOAPYHJA KOHTAMUHUPAHUX MYHVLIMJOM CA
OCMPOMALLEHNM YPAHNJYMOM

HejaH P. NHRuh

YHuBepauteT ogbpaHe y beorpagy, BojHa akagemuja, Kategpa Taktuke,
Beorpan, Peny6nuka Cpbuja

OBNACT: xemujcke TexHornoruje
BPCTA YJTAHKA: cTpy4Hu paa

Caxemak:

Yeod/uurb: lNocneduuye HATO aepecuje Ha Penybnuky Cpbujy (mada y
cacmagy CP Jyeocnasuje) 1999. eoduHe jow yeek ce pasmampajy,
rnocebHo ca acriekma yrnompebe Hed0380/beHUX cpedcmasa, nornym
KacemHux U e2pagumHux 6ombu, MyHuuuje ca OoCUpPOMaWEHUM
yparujymom (MQOY) u Op. Ceakako Oa je ynompeba ocupomawieHo2
ypaHujyma, Kao jeOHe epcme opyXja 3a MacOBHO YHUWIMAasaHe
(paduonowko opyxje), Hajeuwe y QOKyCy UHMepecosara jagHOCMU.
Konuuuna kopuwheHe MOY u nocneduye meHe yrnompebe jow ysek (u
nocne 20 eo0uHa) HUCy y nomryHocmu QokasaHe, asnu ce ca cuaypHowhy
Mmoxe pehu Oa je oHa npoys3pokoeana odpeleHe HexerbeHe eghekme.
Tadawmre jeduHuue Bojcke Jysocrnasuje bune cy enasHU yusrb Oejcmea
080M 8pcmoM MyHuuuje, na cy rnpempnesie u Hajsehe nocreduue.
Mehymum, dejcmeom MOY eafjaHu cy u objekmu uHgbpacmpykmype,
basHe cmaHuue, mernesu3ujcku npedajHuyu U  MosbONMPUEPEOHO
3emsbuwime.

Memode: Y pady cy kopuwheHe riocebHe Hay4dHe memode (MEXULWHO
Memoda aHanu3e u cuHme3se) u emrnupujcke Memode (Memoda aHarnuse
cadpxaja u Memooda riocmamparba).

Pesynmamu: CaznedaHe cy nocneduye Odejcmea MOY Ha rbyde,
MmamepujaniHa dobpa u deepadupar-e XUBoMmHe cpeduHe, Kao U rpasyu
Oarbee pada y o8oj obriacmu.

Bakrbyyak: [llpukasaHu cy pesynmamu paduosiowkoz u3euhara u
paduornowke OekoHmMamuHayuje rnodpydja KoHmamuHupaHux MOY, koje
cy peanu3soearnie jeOuHuue ABX cnyxbe (mada poda ABXQO) y3 nomoh
ocmarnux podosa u crnyxbu Bojcke Cpbuje, ka0 u UHcmMmumyyuja
Peny6nuke Cpbuje (MHH ,,Burya”, BMA u dp.).

KrbyuHe peyu: ypaHujym, MyHUyuja ca ocupoMaweHUM ypaHUjyMOoM,
ABX cnyxb6a, ussuhare, 0eKoHmamMmuHayuja.

Paper received on / [lata nony4yenusi pabotsl / Jatym npujema ynaHka: 14.10.2020.
Manuscript corrections submitted on / lata nony4eHus ncnpaeneHHon Bepcum paboTel /
Oatym goctaerbana ncnpasku pykonuca: 01.12.2020.

Paper accepted for publishing on / Jata okoH4aTenbLHOro cornacoBaHusi pabotel / Jatym
KOHa4Hor nNpuxBaTana YnaHka 3a objasreusamne: 03.12.2020.
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CABPEMEHO HAOPY>XAHE 1 BOJHA OINPEMA
COBPEMEHHOE BOOPY>KEHVE 1 BOEHHOE OBEOPY[OBAHVE
MODERN WEAPONS AND MILITARY EQUIPMENT

AHanu3sa: HajmogepHuje camoxoaHe xaybuue Toukalum'

Beb cajt Army Recognition npegctaBrba aHanusy HajMoOEepHMWjUX
caMoXxofHuX xaybuua Todkala y KoHdurypaumju 6x6 koje cy y onepatuBHO]
ynoTpebun unu cy cnpemHe 3a cepujcky npoussoawy. CamoxogHa xaybuua je
apTUIbEPUJCKM  OpYXXaHW CUCTeM oOnpemibeH CBojuMm noroHom. OcHoBHa
NpeaHOCT OBaKBOI apTUIbEPUjCKOr cUCTeMa y OOHOCY Ha BYYHY apTurbepujy je y
O6panHn  ynotpebe. [aHac nocTtoje TpuM OCHOBHE BpPCTE  MOOWIHMX
apTUIbEPUJCKMX CUCTEMA KOje YKIbYYyjy By4HY xaybuuy, camoxoaHy xayouuy Ha
6as3n OKMOMHOr BO3WMa ryceHuM4apa M caMoxogHy xaybuuy Ha Lwacuju BOjHOTr
KaMWoOHa unn Todkawa y koHdurypaumjy 8x8 nnm 6x6.

http:liwww. ArmyRecognition.com Army Recognition

' %s! =

A'H'anusa HajmodepHujux Camoxo0HUX xaybuua y KOHd)uaypauju x6

Koje cy pasnuvke namehy camoxogHunx xaybuua ryceHudapa v Todkawua?

CamoxoaHa xaybuua ryceHmyap je texxa n omoryhaea ynotpeby xayomnukmnx
opyha Beher kanubpa koje nocTnxky Behe gomerte n Behn ekcnnosneHu edekar.
OBakBO apTurbepucjko opyhe je OoKnonybeHo M npyxa Behy 3awTuTy nocagu

! World defence news 08 September 2020
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NpoTUB BaTpe neLuagunjCkor HaopyxXamwa U apTurbepujckux renepa. 'yceHmdapu
Cy MOKpeTIbMBUjU y Bnaty u cHery.

CamoxogHa xaybuua Todkaw mnocefyje HeKe eneMeHTe CaMOXOOHe
xaybvue ryceHudapa, anv je MHOro nakwa. MobwnHuja je 1M nakwe ce
TpaHCcnopTyje BOjHUM TPaHCMOPTHUM aBWOHMMA. Mory je KOpUCTUTK cHare 3a
Op30 pearoBam€ koje nmajy noTpeby 3a apTUILEPUjCKOM NOLPLIKOM.

Army Recognition © https://'www.armyrecognition.com

e ¥,

Army Recognition ® https://www.armyrecognition.com
Camoxo0lHa xaybuya moykaw CAESAR 155mm 6x6 (CDomo Army Recongition)

Caesar — ®paHuycka

CAESAR (CAmion Equipe d'un Systéme d'Artillerie — apTurbepujcku
CMUCTEM Ha KaMUOHY) jecTe camoxofHa xaybuua 155 Mm ca ueBu gyxuHe 52
kanubpa, kojy je mpojektoBana c¢paHuycka komnaHuja Nexter Systems. [NpBa
Bepanja cuctema CAESAR 6una je moHTMpaHa Ha wacujy kammoHa Mercedes-
Benz Unimog U2450L y kodurypaumjyu 6x6 u npogaTta je knujeHTy Ha Cpegrem
nctoky. HajHoBuja Bepanja GasupaHa je Ha wacujy Bo3una Renault Sherpa y
KoHGurypaumjy 6x6 ca gogaTtHO OKMoMrbLEHOM KabmHoM. Cam xayOumykm cuctem
MOXe OUTU MOHTMpPaH W Ha Apyre KaMUMOHCKe Lacuje no 3axTteBy kynua. OBaj
CaMOXOAHWN apTUIbEPUjCKM cUCTeM Hocu 18 rpaHaTta u obu4yHo ra oncnyxyje net
ynaHoBa nocage. Mehytum, ykonuko je notpebHo, cuctem CAESAR mory
ONCIyXuMBaTM caMo TPW YnaHa nocage, a NPEHOCMUB je TPaHCNOPTHUM aBMOHUMA
Tuna C-130 unu A400M. Pagujyc fejctBa je 42 kM rpaHatama nNpOAyXeHor
gometa Tuna Extended Range, Full Bore (ERFB), n npeko 50 kM rpaHaTama
MOTNOMOrHyTUM pakeTHMM motopom. CAESAR nocegyje MOTNyHO MHTErpvcaH
KOMMjyTepu3oBaH CUCTEM 3a yrnpaBrbake BaTpoM Koju obe3bel)yje BUCOK cTeneH
ayTomartumsaumje.
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TexHW4KM nogaum

Haopyxare: xaybuua 155mm/52 kanmbpa v jegaH muTtparbes y kanmopy
7,62 unun 12,7 mm.

HomeT xaybuue: ctaHgapaHa myHuumja: 19 go 40 km, npogyxeHu gomet: 40
KM, rpaHaTa NoTroMOrHyTa pakeTHMM MOTOPOM: 55 kM, AMPEKTHO rahame: 2 Km.

Maca: Mawe oa 18.000 kr

OumeHanje: gyxnHa: 9,94 m, wnpwuHa: 2,55 m, BucuHa: 3,2 m.

Archer — Lllsedcka

Camoxo0Ha xaybuuya Archer 1565mm y koHpuaypayuju 6x6

CamoxogHa xaybuua Archer onpemrbeHa je apTurbepujckum opyhem
155mm FH77 koju cy npojektoBane u npoussene komnanuje Bofors n BAE
Systems. Xay6uua uma gomet 0o 40 km kaga ucnasreyje ctaHgapgHy MyHULMY
n 60 km kaga kopuctn myHuumjy M982 Excalibur. Takohe, ucnarbyje npojektune
3a Hanag Ha Bpx MeTe (Bonus top attack rounds) koje cy npojekToBane
komnanwuje Bofors n Giat (caga Nexter). Boanno je Volvo A30D y koHdurypaumju
6%x6. KabuHa u MOTOpHU Oe0 Cy MOTNYHO OKMOMNSbEHM, a MPO30pu Ccy Takohe
HenpobojHM 3a newagujcky MyHWUUMjy 1 renepe. Bosuno Hocu 21 rpaHaty 155
MM y ayToMaTCKOM nykady. [TOHOBHO Myhere OBOr Mykaya, nomohy yrpaheHe
HameHcke cnpase, Tpaje go 10 wmuHyta. [omeTr ca rpaHatama BAE
Bofors/Nexter Bonus n3Hocu 35 kM, a ca NpeunsHom HaBoheHOM MyHWLMjOM
Raytheon/Bofors XM982 Excalibur o 60 km.

TexHW4KkM nogaum

Haopyxame: xaybuua 155mm/52 kannbpa.

[omeT xaybuue: ctaHgapaHoM MyHuumjom: 35 KM; npoayxeHu gomet: 60
KM npeumsHoM HaBoheHOM MyHuumjom Raytheon/Bofors XM982 Excalibur,
rpaHaToM MOTMNOMOrHYTOM PaKeTHUM MOTOPOM: 55 KM; AUPEKTHO rafame: 2 KM.

Maca: 30.000 «r.

Oumensnje: gyxnHa: 14,1 M, wnpuHa: 3 M, BUCKHA: 4 M.
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Atmos — Uspaen

"© Army Recognition

ATMOS camoxodHa xaybuua moykaw ca xaybuuyom Soltam Sstems 1566mm/52 (®omo:
Army Recongition)

ATMOS je camoxogHa xaybuua Todkaw ca xaybuuom Soltam Systems
155mm/52 towed TIG 2000 system. Cuctem ATMOS pasBuna je uspaencka
koMmnaHuja Soltam Systems kao npuBaTHM NpojekaTt. APTUIBEPUJCKU CUCTEM je
MOHTMpaH Ha KaMMWOHCKOj Llacuju y KoHdurypaumjm 6x6. Xaybuuke cucrteme
nokpehe xugpaynuynn ypehaj. Xaybvua nma ues kannbpa 155 mm, gyxumHe 52
kannbpa. MakcumanHu gomet o 41 kM nocTmxe ce rpaHatom Tuna Extended
Range Full-Bore — Base Bleed (ERFB-BB). Jomer go 30 km noctmke ce
rpaHatom L15 High Explosive (HE), a gomeT o 24,5 km cTapujum npojekTniom
M107 HE. ATMOS 2000 Hocu go 27 rpaHaTta 155 MM, a nocagy 4YnHe YeTmpu
ynaHa nocage, of Kojux Cy ABa nyHuoua Koju ce Hanase jegaH Hacnpam apyror
ca cTpaHe koneske xaybuue. Cuctem omoryhasa kageHuy BaTpe mamehy 4 n 9
rpaHaTta y MUHyTY.

TexHu4kn nogaum

Haopyxame: xaybuua 155mm/52 kannbpa.

OowmeT xaybuue: go 41 km rpaHatom Tuna ERFB-BB go 35 kM rpaHatoM
Tvna L15 High Explosive, oo 24,5 km rpaHatom tuna M107 HE.

Maca: 22.000 «r.

OumeHsanje: gyxnHa: 9,5 M, wnpuHa: 2,5 M, BUCMHA: Hema nogarka.
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Bohdana 2522 — YkpajuHa

N

i

. hdana 2S22 155mm y KOHd)UZ);baL;UjU 6x6

Bohdana 2S22 je camoxogHa xaybuua 155 mm pasBujeHa y YkpajuHu.
Hanasn ce Ha wacuju kammnoHa KrAZ-6322 y koHdurypauuju 6x6. Nocenyje
OKNoMrbeHy KabuHy M OOBOSBHO MpocTopa 3a cknaguwTtewe o 20 rpaHaTta.
Xaybuua nma makcumandm gomeT o 40 KM, JOK MMHUMAInHM goMeT uaHocu 780
M. MakcumanHu gomeT noctumke MyHuumjom HE/AP noTnoMOrHyTom pakeTHUM
MoTopoM. NpoceyHo ucnarsyje 00 5 rpaHata y MUHYTY.

TexHuykn nogaum

Haopyxare: xaybuua 155 mm.

OomeTt xaybuue: 35 pgo 41 km rpaHatom tuna HEIAP, 45 po 60 km
rpaHaTtom Tuna RAP.

Maca: 28.000 kr.

OumeH3anje: Hema nogaTaka.

Brutus — CA]

Brutus je camoxogHa xnbpugHa xaybuvua mMekor Tp3aja Kojy Cy 3ajeQHuYKn
pasBune amepuyke komnaHuje AM General n Mandus Group. OnpemrbeHa je
ncTom xaybmuom kKao n cuctem M777, anu ca XvapaynMyHUM yMakbMBayem
Tp3aja pagu MOHTUpawa Ha cpedwe KaMuoHcke wacuje FMTV (Family of
Medium Tactical Vehicles truck). Brutus 155mm je MOHTUpaH Ha Lwwacujy
NneToToHCKOr kKammoHa M171083 ca crnorbHMM cTabunusaTtopuma. MHade, cepuja
KamnmoHa FMTV cnaga y ctaHgapdHe TakTU4yke KaMWOHE aMepudke BOjcKe.
CamoxogHa xaybuua noraha mMeTe Ha parbMHama go 24,7 kM CTaHOapHOM
MYHMLMOM M NOCTMXE farbuHe rafawa Ao 30 KM MyHULMjOM MOTNOMOIHYTOM
pakeTHMM MoTopuma. Kopuctu cee rpaHate komnatnbunHe ca Tonom M777.
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CamoxodHa xaybuuya Brutus AM General 155mm y koHgbueypayuju 6x6

TexHM4YKM nogaum

Haopyxame: xaybuua M 777 ca ctangapgHom myHuumnjom 30 km, o 30 km
MYHVLIMjOM NOTMOMOrHYTOM PakeTHUM MOTopuMa.

Maca: 13.435 kr.

OumeHsnje: gyxnHa: 7,6 M, wnpuHa: 2,44 m, BucuHa: 3,5 m.

D-30 Ural 4320-1911-30 — Ecunam

Tokom geuembpa 2018. roguHe, Ha n3noxou Haopyxawa EDEX y ErvnTy,
nokanHu npoussohad je npvkasao HOBM apTUILEPUJCKM CUCTEM — By4YHY Xaybuuy
D-30 122mm wmoHTupaHy Ha kamuoH Ural 4320-1911-30 y koHdurypaumju 6x6
ca 0jayaHOM LIacujoM 1 xugpaynuyHnum ctabunusatopvma. Boauno je npsu nyT
npukasaHo 3. maja 2016. rognHe 3a BpeMe BOjHUX BEXOW ernnaTckux opy>KaHux
cHara. D-30 122mm je coBjeTcka xaybuua Koja je ywna y onepaTuBHy ynotpeoy
TOKOM Lue3geceTux roguHa. Pagn ce o pobyctHom opyhy koje ce moxe
KOPUCTUTU Yy CBMM ycroBuma. Xaybuua nma makcumarnHum gomet go 15,4 km un
npeko 21 KM MyHWULIMjOM MOTNOMOIHYTOM PaKETHUM MOTOPOM.

TexHW4KkM nogaum

Haopyxare: xaybuua 122 mm.

OomeTt xaybuue: 15,4 kM cTaHgapgHOM MyHUUMjOM, 21 KM MYHULMjOM
MOTNOMOrHYTOM pakeTHMM MOTOpMMa.

Maca: Hema nogaTaka.

[umeH3nje: Hema nogaTaka.
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Camoxo0Ha xaybuya D:0 122mm Ural 4320-1911-30 y koHgueypauyuju 6x6 (Gomo:
Army Recongition)

D-30 Ha kamuoHy Mercedes Zetros 2733A — Armxup

AmXup je nNpojekToBao HOBY caMOXOOHY xaybuuy y koHdurypauumjy 6x6 no
yrnegy Ha coBjeTcKy ByYHy xayouuy D-30 12mm MOHTMpaHy Ha WN3MEHEeHY
KaMuoHcKy wacujy Mercedes-Benz Zetros 2733a. KamuoH Mercedes-Benz
Zetros je TepeHCKU KaMUOH 3a onepauumje y eKCTpeMHumM ycriosuma. Npeu nyT je
npvkasaH TokoM 2008. roguHe Ha n3noxou Haopyxawa Eurosatory y MNapwnay.
KamuoH ce npoussogn y Mepuegecosoj pabpuun y Hemaukoj. Komnatnbmnan
je ca TpaHcrnopTHMM KamumoHom Hercules C-130 w opgroBapa cTaHOapAHUM
HEMaYKMM XKerne3HWYKMM BaroHuma. Xaybuua nma makcumanHu gomet o 15,4
KM 1 0o 21,9 KM KWHECKOM MYHULIMJOM NOTMOMOTrHYTOM PakeTHUM MOTOPOM.

TexHuykn nogaum

Haopyxame: xaybuua 122 mm.

HOomet xaybuue: 15,4 Km cTaHOapAHOM MyHUUMjOM, 21 KM MyHULMWjOM
NOTNOMOrHYTOM pakeTHUM MOTopuMma.

Maca: Hema nopaTka.

OumeHsunje: gyxuHa: 6,2 M, wunpuHa: 2,45, BUCMHA: HEeMa nogaTka.

D-30 Ha I;;MUOHy Mercedes.Zetro‘s 5733A - An}:(ub '
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EVA — Cniosayka

EVA 155mm y koHgbueypauyuju 6x6 (®omo: Army Recongition)

EVA je cnoBadka camoxogHa xaybuvua y koHdurypaumju 6x6, komnaHuje
Konstrukta Defence v npBu nyTt je npukasaHa 2015. roguHe. basupaHa je Ha
kKamuoHy Tatra 815 y KoHdurypaumju 6x6, ann apTUIbEPUjCKM CUCTEM MOXe
OUTM MOHTMpaH u Ha wacwuju 8x8. HaopyxaHa je xaybuuom 155 mm/L52, a
MakcuManaH gomeT joj je 41 km myHuuumjom Tuna ERFB-BB. Bo3uno Hocu 24
rpaHaTte of Kojux je 12 cnpemHo 3a narb0y.

TexHn4YKkM nogaum

Haopyxame: xaybuua 155 mm.

OowmeT xaybuue: 41 km myHuumjom Tuna ERFB-BB.

Maca: 22.000 r.

OumeHsnje: gyxunHa: 11,2 m, wupuHa: 2,55 m, Bucuna: 3,33 m.

G6 Rhino — JyxxHa Agpuka

http:/lwww.ArmyRecognition.com Army Recognition @

i sl LY il
G6 Rhino 1565mm

KoHpuzypauyuju 6x6 (@omo: Amy Reconition)
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JyxHoadpuuky camoxogHy xaybuuy G6 npojekToBana je v npoussena
komnaHwja Denel. Y jyxHOadpuyKoj BojcuM xaybuvua je nosHaTa nof Ha3vBOM
G6 Rhino (Hocopor). HaopyxaHa je xaybuuom 155 mm, gyxuHe 45 kanubapa.
Wcnarbyje nyHy nanety MyHuuumje, Kao WTO cy rpaHaTte tuna HE, gumHe,
ocBeTsbaBajyhe, kKaceTHe, Kao 1 rpaHaTe nykweHe nponaraHaHUM mMartepujanom.
G6 Rhino Hocy po 45 rpaHaTa 155 MM, a makcumarnHu gomert je 50 km.

TexHuykn nogaum

Haopyxame: xaybuua 155 mm, gyxnHa uesu: 45 kanmbapa.

Oomet xaybuue: 30 km cTaHOapAHOM MyHUUMjOM, 39 KM MYHULMjOM
NMOTNOMOrHYTOM pakeTHUM MOTopuMa, 50 KM MyHULMjOM NPOAYXeHe AarbuHe.

Maca: 37.000 kr.

OumeHsuje: gyxuna: 9,2 M, wupuHa: 3,4 M, BucuHa: 3,3 m.

HM-41 155mm y koHebuaypauuju 6x6 — UpaH
. i 1 BEE R I

i

NN
s

N
s

FARS - L e ;
Photo:Vahid Reza Alaei ®» FARS NEWS AGENCY
Camoxo0Ha xaybuya HM-41 155mm y koHgbuaypayuju 6x6

Tokom oktobpa 2017. rogvHe wupaHcka ogbpambeHa uwHOYycCTpuja
npukasana je HoBy Bep3ujy Aomahe camoxogHe xaybuue 155 mm. MobunHu
apTUIbepUjCKn CUCTEM CacToju Ce of upaHcke By4YHe xaybuue HM-41 n kamnoHa
Tuna IVECO Trakker. WUpaHcka xaybuua HM-41 je, vHaye, mogepHM3oBaHa
Bepanja amepuyke xayouue M71714. [lo cBom wm3rnegy vpaHcku cuctem HM41
BP0 je cnuyaH jyxHokopejckoj xayouuu KH179155mMm/39 kannbapa Kojy je
npojektoBana kopnopauuja WIA. NpaHcka ogbpambeHa nHayctpuja HaBoam ga
je makcumanHu gomet xaybuue 30 kv, a ga je kageHua BaTpe Ao 4 rpaHaTe y
MUHYTW.

TexHn4YkM nogaum

Haopyxame: xaybuua 155 mm, gyxnHa uesu: 39 kanmbapa.

HowmeT xaybuue: 30 km ca cTaHAapaHOM MYHULIMjOM.

Maca: Hema nopaTka.

OunmeHsnje: Hema nogaraka.
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K105HT — JyxHa Kopeja

(@ .h; N
Camoxo0Ha xaybuya K105HT 105mm y KOHd)uaypauUJu 6x6 (®omo: Army Recongition)

CamoxogHy xayouuy K105HT 105mm nponsBefena je komnaHunja Hanwha
Land Systems y JyxHoj Kopeju. Bo3urno je 6asupaHo Ha kKaMMOHCKOj wacuju Kia
KM500 (6x6), HoCMBOCTM 5 TOHa, OMpeMIbeHoj amepuykom xayouuom 105 mm
M101A1. Opyhe je yHanpeheHo cuctemom GPS n cucteMom 3a ynpaBrbare
BaTpOM pagu peayuuparwa 6poja nocage u BpemeHa ,CrnpemMHor 3a narb0y”.
KoHBeHUMoHanHoj xaybuum 105 mm notpebHo je 10 muHyTa ga Byge cnpemHa
3a narbby, ook je cuctemy K105HT 3a ucty pagkwy notpebHo camo 5 MuHyTa.
ApTUIbEPUjCKN CUCTEM MMa Mocady of 4YeTvpu unaHa — Bo3ada, nomohHuka
HULWaHLInje, HULWaHLMje n KoMmaHgupa. Bosuno nma 6opbeHy macy o 19 ToHa u
MakcumanHy 6p3vHy go 90 km/yac. Hocu 60 rpaHata m uma MakcumarHy
kageHuy BaTpe o 10 rpaHaTa y MuHyTW. MakcumarnHa garovHa gejctea je 11,3
KM.

TexHn4kM nogaum

Haopyxarme: xaybuua 105 mm.

Homet xaybuue: 11,3 kM cTaHOapAHOM MYHULNjOM.

Maca: 20.000 r.

OumeHsnje: gyxuHa: 7,76 m, wnpuHa: 2,24 m, BUCMHA: HEMa nogaTka.

Khalifa-1 — CydaH

Khalifa GHY02 je apTurbepujckm CMCTEM KOju je pasBuna cydaHCka BOjHa
nHaycTpujcka kopnopauuja. Pagn ce o komGuHaumjy BydHe xaybuue, cosjeTcke
D-30 MoOHTMpaHe Ha pycku KamumoH KamAZ y koHdurypaumjm 6x6. OBaj
apTurbepujckn cucTem npBeu nyT je npukasaH 2013. roguHe. Hberos makcmanaH
aomeT m3Hocn go 17 km. Xaybuua mma moryhHOCT M HenocpepgHor rahamwsa.
MakcumanHa kageHua BaTpe je 8 rpaHata y MuHyTy. Bosmno Hocu po 45
rpaHara.

TexHn4YkM nogaum

Haopyxame: xaybuua 122 mm.
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HomeT xaybuue: 17 kM cTaHAap4HOM MYHULMjOM.
Maca: 20.500 «r.
Oumensuje: gyxnHa: 9 m, wnpuHa: 2,67 M, BucuHa: 3,49 m.

. T
Khalifa-1 (®omo: Army Recongition)

KMO Aselsan — Typcka

KMO Aselsan y KOHcpuaypauUju 6x6 (Pomo: Army Recongition)

CamoxogHy xaybuuy KMO passune cy Typcka Bojcka U Typcka KoMnaHuja
Aselsan. TpoToTnn 0OBOr apTUrbepujckor cuctema npukasaH je y majy 2017.
roavHe Ha um3nox6bm Haopyxawa IDEF. Ha 3agmwoj ctpaHu cuctema Aselsan
KMO wmoHTMpaH je KommneTaH opyxHu cuctem 155 mm/52 kanubpa koju ce
Hanasn Ha camoxofHoj xaybuuwn Firtina 155mm xoja ce Hanasu y onepaTvBHOj
ynoTpebun y TYypCKMM oOpyxaHuM cHarama. HoBun KMO kopuctn cTaHgapaHy
HATO myHuumjy Ha makcumanuum pgarbuHama go 30 km. OBaj apTurbepumjcku
CMCTEM HOCM YKYMHO 21 rpaHaTy Koje Cy CMELUTEHE Y CaMOM KaMWOHY.
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TexHW4KM nogaum

Haopyxare: xaybuua 155 mm/52 kanubpa.

HowmeT xaybuue: 30 kM cTaHAap4HOM MYHULMjOM.

Maca: 26.000 «r.

OumeHanje: gyxnHa: 11 M, wunpwuHa: 2,58 M, BucuHa: 3,5 m.

Kryl — lNorbcka

Kryl 155mm ‘y”KOHd)uéypauuju 6x6

Kryl je naka camoxogHa xaybuua 155 mm, Kojy je npojekToBana nosbcka
koMmnaHwja Huta Stalowa Wola (HSW). Xaybuua je MOHTUpaHa Ha KamunoH Jelcz
663.32 y koHburypaumju 6x6. Pagum ce o apturbepumjckom cuctemy Atmos 2000
Koju je passuna uspaencka komnanuja Elbit Systems, a ueB je ayxuHe 52
kanmbpa. CuctemM 3a KOHTPOSNy BaTpe cacToju ce of GanucTuykor komnjytepa,
KOMMjyTepa TOMOBCKOr CUCTEMA 1 Aucnneja 3a koMaHavpa v HuwaHyvjy. Opyxje
uma go 18 rpaHarta y cnpeMuiTy 1 KageHuy BaTpe of LeCT rpaHaTa y MUHYTK.
Moxe rahatm ca eneBauuom op -2° to 70°, rge je asmmyt Batpe 50°.
MwuHumanHu gomer je go 5 kM, a MakcumanHu o 40 k.

TexHuykn nogaum

Haopyxame: xaybuua 155 mm/52 kanmbpa.

Homet xaybuue: 5 km go 40 km.

Maca: 23.000 «r.

Oumensuje: gyxnHa: 10,3 M, wnpuHa: 2,55 m, Bucuna: 3,44 m.

Otaman y koHebuaypauuju 6x6 — YkpajuHa

Otaman je camoxogHa xaybuua y KoHdUrypaumju 6x6 «kojy je
npojekToBana ykpajuHcka komnanuvja NGO Practika, a npBu NyT je npuka3aHa Ha
MHAWJCKOj n3noxbu Haopyxawa Defexpo Tokom 2016. rogmHe. Boswno je
OnpeMrbEHO KyMoroM HaopyxaHom Tornom 122 mm 2A718 koju je Takohe
ynotpebrbeH y cosjeTckoj xaybuum D-30. MakcumanaH gomet je 15,4 kv, a
noctuxe 21,9 kM rpaHaTama NOTNOMOTHYTUM PakeTHUM MOTOPOM.
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TexHW4KM nogaum

Haopyxare: xaybuua 122 mm.

HowmeT xaybuue: 5 km go 40 km.

Maca: 16.000 «r.

OumeHsnje: gyxnHa: 6,5 M, wnpnHa: 2,66 M, BUCUMHA: HEMa nogarka.

 Otaman 122mm y
PLC-181 — KuHa

PLC-181 1556mm y koHgbueypayuju 6x6

PLC-181 je kumHecka camoxogHa xaybuua 155 MM umju je npoussohau
knHecka komnanunja NORINCO. MoHTupaHa je Ha kaMUOHCKyY wacujy Taian GM'y
KoHGwurypaumjy 6X6 ca tonom 152 MM gyxuHe ueBu 52 kanubpa Ha 3agH0j
CTpaHu KammnoHa. Xaybuua nma gomet 0o 40 KM KOHBEHLMOHANTHOM MYHULWjOM
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M 0o 72 KM MyHAUMjOM MpoayxeHor gomeTa. bopbeHu komnneT uuHm 27
rpaHata. OBa camoxogHa xaybuua Hanasw ce y perMoHy jyrosanagHe Kune, y
ayTOHOMHOj obnactu TubeTa.

TexHnykn nogaum

Haopyxame: xaybuua 155 mm.

HomeTt xaybuue: 40 kM cTaHOApOHOM MYHMLMOM U OO 72 KM MYHULMWjOM
npoay>XeHor gomeTa.

Maca: Hema nogaTka.

OumeH3nje: Hema nogaTaka.

RUM Il — JopdaH

Camoxo0Ha xay6ua RUM Il 155mm 6x6 (®omo: Army Recongition)

JopaaHcka komnaHuja KADDB (King Abdullah Il Design and Development
Bureau) npukasana je cBojy HajHOBWjy camMOXOAHy xaybuuy nog Hasmeom RUM
Il Ha n3noxbu Haopyxawa SOFEX 2018 y AmaHy, y JopgaHy. OBa xaybuua
b6asupaHa je Ha kamuoHy DAF y koHdurypaumjym 6x6, a Ha OBOj KaMMWOHCKO]
Lwacuju Hanasu ce xayovua M126 155 mm/L23. Pagn ce o Tony ca camoOxoaHe
xaybuue ryceHmyapa M7109, ann ca HOBMM CUCTEMOM MpPOTMB Tp3aja.
MakcumanHa garbvHa ejcTBoBawa camoxogHe xaybuue RUM I je po 27,7 km.

TexHM4YKM nogaum

Haopyxame: xaybuua 155 mm, ayxuHa uesu: 39 kanubapa.

HomeT xaybuue: 27,7 KM cTaHgapAaHOM MYHULIMjOM.

Maca: Hema nogatka.

OumeHsnje: Hema nogaraka.

SH-1 - KuHa

SH1 je camoxogHa xaybuua Tovkall kanmbpa 155 MM, Kojy je npojekToBana
n npomsBena kuHecka komnanwuja North Industries Group Corporation Limited
(Norinco). OBaj apTUIbepujCkM CUCTEM 3aCHOBaH je Ha kamunoHy WS5252 y
KoHGwurypaumju 6x6, a xaybuua je MOHTMpaHa Ha 3aaH0j CTpaHu Bo3una. Pagu
ce 0 BY4YHOj xaybuum 155-mm/L5 koja je komnaTnbunHa ca ctaHgapgaHom HATO
MyHUUMjOM. Vicnarbyje MyHULM)y NpoOyXeHOr AoMeTa, BUCOKO EKCMMO3UBHY,
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MYHULMjY NOTNOMOrHYTY pakeTHUM MOTOPOM U MyHuuujy Tuna Extended-Range
Full-Bore, Base-Bleed, High-Explosive (ERFB-BB/HE) koja uma gomeT 8o 53 km.
Xaybvua ucnarbyje u nonyakTMBHe nacepcku HaBofheHe npojektune 155 mMm koje
je passuna komnaHuja NORINCO, a koja je 3acHOBaHa Ha TEXHOMOIMjU pycke
rpaHate152mm Krasnopol, komnaHuje Russian Instrument Design Bureau
(KBP).

SH 1 1 55mm 6x <Domo Army Recongmon)

TexHu4kM nogauu

Haopyxare: xaybuua 155 mm, gyxuHa uesu: 39 kanubapa.

Oomet xaybuue: 40 km cTaHOapAHOM MyHUUMjOM, 53 KM MyHMLMjOM
NpoAyXeHor AoMeTa.

Maca: 22.000 «r.

OumeHanje: gyxnHa: 9,68 M, wnpuHa: 2,58 m, BucuHa: 3,5 m.

SH-15 — KuHa

KuHecka komnaHuja Norinco npukasana je HOBY CaMOXOAHy xaybuuy 155
MM Ha u3noxbu Haopyxama y rpagy 3yaju y Kunu Tokom 2018. roguHe. SH15
Ce Harasu Ha Lacuju kammoHa Shaanxi KOjyu uma OKMnonsbeHy npeary KabuHy,
Kao 1 3agtn L0 Ha KOjeM je MOHTMpaHa Ton-xayouua 155 mm. ApTurbepujcku
CMCTEM 3aCHOBaH je Ha xaybuum AH-2 155 mm/L52 koja ucnareyje ctangapaHy
HATO myHuumjy. Xaybuua nma makcumanHum gomeT go 20 KM cTtaHZapoHOM
MyHUUMjOM M OO0 53 KM MyHUUMOM MOTNMOrYHYTOM pakeTHUM MOTOPOM.
MakcumanHa kageHua BaTpe je 4 oo 6 npojektuna y muHytu. Ca obe ctpaHe
KaMWOHCKe Luacuje Hanase ce cnpemMuLUTa 3a MyHULMjy 1 eKCno3mBHa NyHeHsa.

TexHn4YkM nogaum

Haopyxame: xaybuua 155 mm, gyxmHa uesu: 52 kanvbpa.

HOomet xaybuue: 20 kM cTaHOapoHOM MYHUUMOM, 53 KM MyHULMWjOM
NPOAYXeHor AoMeTa.

Maca: 22.000 kr.

OumeHsnje: ayxuHa: 6,5 m, wWnpuHa: 2,66 M, BUCMHA: HEMa nogaTka.
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&
SH-15 155mm 6x6 (®omo: Army Recongition)
Yavuz MKE — Typcka

:!| i
Yavuz MKE 155mm 6x6

Yavuz je camoxogHa xaybuua Toykaw 155 MM kojy je mpojekToBana u
npomsBena Typcka komnaHuja MKE, a koja je npukasaHa Ha mehyHapogHoOM
cajmy Haopyxama y Typckoj Tokom 2017. roguHe. 3acHOBaHa je Ha HEMa4KoM
kamnoHy Tmna MAN 6x6 ca xaybuuom kanubpa 155 mm/52 Ha 3agHem Kpajy
Bo3una. Pagu ce o By4HO] xaybuum Panter 155mm, kojy npou3Boau Typcka
koMmnaHvja MKE, a Hanasu ce y onepaTuMBHOj YNOTPeOu y TYPCKUM OpYXaHUM
cHarama. Xaybuua je onpemrbeHa nonyayToMaTCKMM CUCTEMOM 3a Myhehe ca
ykynHo 18 rpaHaTta y cnpemuiTMMa Koja ce Harnase ca obe cTpaHe KaMuoHa.
HarbuHa rahama je 0o 40 km.

TexHnykn nogaum

Haopyxare: xaybuua 155 mm.

HowmeT xaybuue: 40 km cTaHAap4HOM MYHULMjOM.

Maca: 20.000 «r.

Oumenanje: gyxnHa: 10,8 M, wnpwuHa: 2,6 M, BucuHa: 4,1 m.
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Soko — Cpbuja

Soko 122mm 6x6

SOKO SP RR (no3HaTt 1 noa HasveBoM SOKO camoxogHa xaybuua 3a 6pau
OLroBOp) camoxofHa je xaybuua Todkall Kojy je mpou3Bena cpricka KomnaHuja
Jyroumnopt. Pagn ce o uHTerpaumju xaybuue 122 MM OyxuHe uesu 35
kanubapa D-30 Ha wacujy kKamuoHa y KoHdurypaumjy 6x6. MakcumanHsm gomet
n3Hocu o 21 KM, a kageHua BaTtpe je 6 rpaHaTa y MUHYTK.

TexHuykn nogaum

Haopyxame: xaybuua 122 mm.

HomeTt xaybuue: 17,3 km rpaHatama tuna HE mn 21 km rpaHatama Tuna
HE/BB.

Maca: 17.000 «r.

Oumenanje: gyxnHa: 8,38 m, wnpuHa: 3,09 m, Bucuna: 3,17 m.

Hpazar M. By4dkosuh (Dragan M. Vuékovic),
e-mail: draganvuckovic64@gmail.com,

ORCID iD: ' http://orcid.org/0000-0003-1620-5601
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Cpbuja Tectmpana gomahy NnpoTMBaBMOHCKY pakeTy KpaTkor
pometa RLN-IC/170?

BojHoTexHn4kn uMHCTUTYT y beorpagy, kao geo MuHucTtapctBa opbpaHe
Cpbuje, npojektoBao je, 22. maja 2020. rogvHe, NPOTMBABMOHCKY pakeTy
KpaTkor JomeTa ca UHdpaupeHum HaBohewem RLNIC/170.

Tecmupf-benpomueaGUOHCKe pakeme kpamkoz domema ca UHgpaupseHUM
Hasoherem RLNIC/170

Kao peo TpogenHor nporpama mogepHusauvje KonHeHe Bojcke Cpbuje,
TecTMpawe  CaMOXOAHOr  XMOPWOHOr  OKIOMHOr  apTWibepujckor U
npoTuBBasgyxonnoBHor cuctema PASARS 13BplWIEHO je Ha MONUIoHY
MacyreaHcke nvBage 6nm3y Thynpuje. MogndukoBaHn MOOMITHU OpyXaHu
cuctem PASARS FM-1 naHcupao je pakeTy tuna RLN-IC/170 Ha wmety —
MUHoGaua4vky ocBeTrbaBajyhy MyHy.

Linre Tecta 6una je npoBepa 3axBaTa pakeTe y NpenaHCupHoOj U NaHCUPHO)
dasn pagn notephuBama aepogMHaMunyke KoHdurypauuvje u camoHasofera y
peanHOM BpPEMEHY M YCMoCTaBibake HOBOMHCTaANMpaHuMX nogcuctema pakete
RLN-IC/170.

Bpwwunay payxHocTu nomohHuKa MuWHUCTpa oabpaHe 3a martepujanHe
pecypce HeHag Munopagosuh usjasuo je aa je paketa RLN-IC/170 yHanpeheHa
Bep3uvja ctapuje pakete RLN-IC, nomahe Bep3uje pycke pakeTe Basayx-Basgyx
KpaTkor gomeTa R-13M kojom cy Gunmn Haopy>xaHu cprnckn aBnoHun Tuna MiG-21.
Paketa RLN-IC/170 wma HOBM pakeTHM MOTOP Ca UYBPCTUM TOPUBOM,
MOOEPHM30BaHy CaMOHaBoheHy  WHdpaupBeHy CcamMOHOBONEHy  rnaey,
OVrMTanHy KOHTPOJSTHY EeNEKTPOHMKY W pekoHdurypucaHy Behy GojeBy rnasy.
Mwunopagosuh je, Takofhe, HaBeO Aa Cy OBE HOBE KOMMOHEHTE, Kao U pakeTHU
MOTOP, pa3BujeHn Y BOJHOTEXHNUYKOM UHCTUTYTY U HEroBUM No4yroBopaynma.

2 Janes Defence International June 2020
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Mnatdopma PASARS je npeu nyT npukasaHa oktobpa 2016. roguHe nog
npeTrnocTaBkoM Aa By4HM Tonosu KonHeHe Bojcke Bofors L/70 40 mm, pomeTta
o 3,7 kM, mory OWMTU MOOEPHM30BaHM Kao [Ae0 NPOTMBBA34YXOMNIOBHUX
b6aTtarboHa KonHeHe Bojcke Cpbuje. MiHmumjanHa Bepsuvja cuctema PASARS-16
Terminator 6una je HaopyxaHa TonoBuma Bofors L/70 40 mm wn ca no gge
pakete RLN-IC.

Tokom HoBemMbpa 2019. roguHe, BTW je npukasao Tpu pasBojHe
koHdurypauuvje PASARS koje he 6utn HaopyxaHe paketama RLN-IC/170,
cuctemom MBDA Mistral 3 v moaudukosaHom pakeTom Silo, AoMahom 03HaKoM
3a pakety Tuna 9K38 Igla (SA-18 Grouse), /9K310 Igla-1 (SA-16 Gimlet).
Mwnopagosuh je u3jaBno fa he cee Bep3auje cuctema PASARS 6utu ynapeHe
ca MOAEPHM30BaHUM NPOTUBBA3AYXOMMOBHUM pafjapckum cuctemom KornHeHe
Bojcke Tuna M85 Zirafa (papap Ericsson Giraffe M75 MoHTMpaH Ha
JYrocrioBeHCKN  KaMWoH FAP 2026) ca kOMaHOHMM W  KOHTPOSHMM
cnocobHocTma Tuna C2.

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

ORCID iD: “='http://orcid.org/0000-0003-1620-5601
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Mo3mB N YTIYTCTBO AYTOPUMA
NPUMALLEHWE N MHCTPYKUNA 1A ABTOPOB PABOT
CALL FOR PAPERS AND INSTRUCTIONS FOR AUTHORS

Nno3uB U YNYTCTBO AYTOPUMA O HAYMHY NPUNPEME YJTAHKA

YnyTCcTBO aytopuma O HayvHy npunpeMe 4naHka 3a objaBrbuBarke Y
BojHOTexHMYKOM rnacHuky ypafeHo je Ha ocHoBy [lpaBunHuka O kaTeropusaumjyu u
paHrupaky Hay4Hux baconuca MuHucTapcTBa NpocBeTe, Hayke M TEXHOSOLLKOr pa3Boja
Peny6nuke Cpbuje ("Cnyx6eHun rmacHuk PC", 6poj 159/20). Mpumena osor MNpasunHuka
NPBEHCTBEHO CNyXM yHanpefewy kBanuteTa gomahmnx yaconuca n HUXOBOTr NOTNyHWjer
YKIbyunBama y meflyHapogHu cucTeM pasmeHe Hay4HUx nHdopmaumja.

BojHoTtexHu4yku rnacHuk / Vojnotehnicki glasnik / Military Technical Courier
(BTr.mo.ynp.cp6, www.vtg.mod.gov.rs, ISSN 0042-8469 — wTamnaHo u3gawe, e-ISSN
2217-4753 - online, UDC 623+355/359, DOI: 10.5937/VojnotehnickiGlasnik;
https://doi.org/10.5937/VojnotehnickiGlasnik), jecte MynTMAMCLUMNAMHAPHW  Hay4YHU
yaconuc MwuHucTapctBa opbpaHe u Bojcke Cpbuje. Yaconuc objaBrbyje HayyHe M
CTpy4YHe unaHke u3 obnactn OCHOBHMX UCTpaXuBara (MaTtemaTuke, padyHapCcKux Hayka
M MexaHuKe) M  TEexHOmoWKor pa3Boja  (eneKTpoHuKe,  TerneKoMyHWKauuja,
MHGOPMaLMOHUX TEXHOSOIKja, MallMHCTBa, MaTepujana 1 XeMUjCcKMX TeXHomnoruja), kao u
TEXHWMYKE MHOPMaLMje O CaBpEMEHMM CUCTEMMMA Haopyawa W CaBPEMEHUM BOjHUM
TexHomnorujama. Yaconuc npatu jeauHCTBEHY MHTEPBMAOBCKY TEXHUYKY MoAapLuky Bojcke
Ha MNPUHUMNY NOrMCTUYKE CUCTEMCKE noAapLuke, obracTy OCHOBHMX, MPUMEHEHUX U
pasBOjHMX UCTpaKMBarsa, Kao 1 NPOM3BOAHY U YyNoTpeby cpeAcTaBa Haopyxara U BojHe
onpeme. Yaconuc objaBrbyje M ocTana Teopujcka W npakTUyHa JocTurHyha Kkoja
OOMprHOCe YycaBpluaBaky CBWUX NpuNagHuKa cpricke, pernoHanHe wn MehyHapogHe
akagemcke 3ajegHuue, a nocebHO NpunagHvKa BOjCKM U MUHKUCTapcTaBa ogbpaHe.

YpehuBauka nonutuvka BOjHOTEXHWYKOr rnacHuka 3acHMBa ce Ha Mpenopykama
Opbopa 3a etnyHocT y wmsgasawTBy (COPE Core Practices), kao n Ha Hajoorbsum
npuxeaheHum npakcama y Hay4yHoM usaaBawTsy. BojHoTexHuuku rnacHuk je unaH COPE
(Committee on Publication Ethics) oag 2. maja 2018. roguHe.

MuvHucTapcTBO npocBeTe, Hayke W TexHomowkor passoja Penybnuke Cpbuje
yTBpauno je gaHa 18. 12. 2020. rognHe kateropusauujy BojHoTexHuYKor rnacHuka, 3a
2020. rogunHy:

3a 06nacT OCHOBHa UCTpaxuBara:
— Ha NIUCTK Yacomnuca 3a MaTemMaTuky, padyHapcke Hayke U MeXaHUKY:
KaTeropuja HauuoHanHu Yaconuc (M53),

3a 06nacT TeXHOMOLLKM pa3Boj:

— Ha NUCTKU Yaconuca 3a efieKTPOHUKY, TereKoMyHuKaumje n nHcopmaumoHe
TexHonoruje:

KaTeropuvja UCTakHyTM HaumMoHanHu Yaconuc (M52),

— Ha NMCTK Yaconuca 3a MalIMHCTBO:

KaTeropwuja UCTakHyTK HaLuoHanHu Yaconuc (M52),

— Ha NMCTU Yaconuca 3a Matepujane U xemmjcke TexHornoruje:

KaTeropuja UCTakHyTM HaumoHanHu Yaconuc (M52).

YcBojeHe nucTte gomahux yvaconuca 3a 2020. roguMHy MOry ce BMOETU Ha cajTy
BojHoTexHuukor rmacHuka, cTpaHuua Kameeopusayuja udaconuca (MwuHucTapcTBO
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npocBeTe, Hayke M TexHonowlkor pa3soja Penybnuke Cpbuje jow yBek Huje objaBuno
3BaHWYHY KaTeropusauujy HayuyHux Yaconuca 3a 2021. roguHy).

HeTtarbHuje nHopmauuje mory ce npoHahu un Ha cajty MuHucTapcTBa npoceeTe,
HayKe 1 TexHorowkor passoja Penybnuke Cpbuje.

Mopaum o kaTteropusaumjy mory ce npatutu u Ha cajty KOBCOH-a (KoH3sopuujym
6ubnunoteka Cpbuje 3a objeanHeHy HabaBky).

KaTeropusauuja yaconuca ussplleHa je npema [1paBunHuKy o kateropusauuju v
paHrupaky Hay4Hux baconuca MuHucTapcTBa NpocBeTe, Hayke M TEXHOSOLLKOr pa3Boja
Peny6nuke Cpbuje ("Cnyx6enu racHuk PC", 6poj 159/20).

Y cknagy ca OBMM MpaBUINIHMKOM W Tabenom O BpPCTU M KBaHTMMKaLMju
MHAMBMAYaNHNX HayYHOUCTpaXunsBaykmx pesyntaTa (y cactasy lNpasunHuka), objaBreeHu
pag y BojHoTexHMYkOM rnacHuky BpefHyje ce ca 2 Gopga (kateropuja M51), 1,5 6og
(kaTteropuja M52) n 1 6op (kaTeropuja M53).

Yaconuc ce npatu y koHTekcTy Cpnckor umtatHor uHgekca — CLUWHpekc (6asa
nogartaka gomahmx Hay4yHuX yaconuca) u Pyckor nHgekca HaydHor uutmpawa (PUHL).
MooBprHyT je cTanHOM BpegHOBakwy (MOHWTOPWHIY) Y 3aBMCHOCTM O YTULAJHOCTK
(nmnakTta) y camum 6Gasama u, nocpegHo, y MeRQyHapogHum (Clarivate Analytics)
uMTaTHUM  uHAekcuma. [leTarbM O WHAEKCUpawy MOry Ce BuMAeTM Ha  cajTy
BojHoTexHuyKor rnacHuka, ctpaHuua MHoekcupare yaconuca.

BojHoTexHnukn rmacHuk omoryhaBsa wu  npumenyje Creative Commons

(CC BY) ogpenbe o aytopckum npaBuma. [etarbM O ayTOpCKMM MpaBuma Mory ce
BUAETW Ha cajTy Yaconuca, cTpaHuua Aymopcka npasa u rnosumuka camoapxusuparsa.

PapgoBn ce npegajy nytemMm OHMajH cuUCTeMa 3a €EneKTPOHCKO ypehuBame
ACUCTEHT, koju je pa3suo LleHTap 3a eBanyauujy y obpasoBary 1 Hayum (LLEOH).

MpucTyn u pernctpauuja 3a cepBuC BpLUE Ce Ha cajTy www.vtg.mod.gov.rs, npeko
ctpaHuue ACUCTEHT wnu  CUMHOEKC, o0QHOCHO  AMPEKTHO  Ha  MUHKY
aseestant.ceon.rs/index.php/vtg.

[eTarbHO ynyTCTBO O perucTpauvjy 1 npujaBn 3a CEpBUC HamnasuM ce Ha cajTy
www.vtg.mod.gov.rs, cTpaHuua Yinymemeo 3a ACUCTEHT.

MoTpebHO je Hma ce cBM ayTopu KOjMu MOOHOCE pyKonNUC 3a ObjaBrbuBame Yy
BojHoTexHuuykom rnacHuky peructpyjy y peructap ORCID (Open Researcher and Contributor
ID), npema ynytcTBY Ha CTpaHuum cajta Peeucmpayuja 3a 0obujare ORCID
udeHmucgbukalyuoHe wugppe.

BojHOTEXHMYKM TMacHWK objaBrbyje YnaHke Ha CPrCKOM, PYCKOM W EHITIECKOM je3uKy
(arial, cpncka hupunuua unm cprncka naTMHuua, BenvuuHa cnosa 11 pt, npopea Single).

MocTynak npunpeme, nucarwa n ypehueara YnaHka tpeba ga Oyge y carmacHocTu ca
U3jasom 0 emuukom nocmynarsy (http://iwww.vtg.mod.gov.rs/izjava-o-etickom-postupanju.html).

UnaHak Tpeba fa cagpxu caxeTak ca KibydHUM peuvma, yBod, pa3pagy, 3akibydak,
nUTepatypy M ancTpakT ca KbydHUM peysMa Ha EHIMeckoM M pyckoM je3uky (6es
Hymepaumje HacroBa u nogHacrora). Obum unaHka Tpeba aa Gyoe oko jegHOr ayTopckor
Tabaka (16 ctpaHuua cbopmata A4 ca npopenom Single), a HajauLe 24 cTpaHuLe.

UnaHak TpebGa na Oyne HanucaH Ha obpacly 3a nucake 4rnaHka, Koju ce 'y
€neKTPOHCKOj hopMM MOXeE NpeyseTn ca cajta Ha cTpaHuumn Obpasay 3a rnucar-e YraHka.

Hacnos

Hacnoe Tpe6a [a ofpaxaBa TeMy 4naHKa. Y NHTEpecy je Yaconuca u aytopa ga ce
KOPpUCTEe peyun npuknagHe 3a MHAEKCnpawe U npetpaxunBame. AKO TakBuX pe4yn Hema y
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HacroBy, NMOXErbHO je Ja ce npugoaa u nogHacnos. Hacnos Tpeba ga 6yae npeseneH n
Ha €HrMecKn N pyCcKku jesuk.

OBwW HacnoBwm UCNUCYjy Ce UCNpen caXeTka Ha ogroBapajyhem jesuky.

Tekyhu HacnoB

Tekyhn Hacnoe ce ucrnucyje ca CTpaHe CBake CTpPaHWLEe YnaHka pagu nakwe
naeHTudukaumje, nocebHO Konumja YnaHaka y enekTpoHckoMm obnuky. Cagpxu npesvme u
MHMLMjan MMeHa ayTopa (ako ayTopa MMa BuLle, nMpeocTanu ce o3HadvaBajy ca et al.”
unu 1 ap.“), Hacnoee paga v Yaconuca u Kkonauujy (rognHa, BONyMeH, CBecka, NoveTHa
1 3aBpLUHa CTpaHuua). Hacnosu Yaconuca n YnaHka Mory ce gatu y ckpaheHoM obnuky.

Ume ayTopa

Hasogm ce nyHo ume 1 npesnme (CBMX) ayTopa. Beoma je noxersHo Aa ce HaBedy
n cpegwa cnosa aytopa. MiMeHa u npesumeHa gomahux aytopa yBek ce ucnucyjy y
opuvrnHanHoM obnuky (ca CpnckuM AUjakpUTUHKMM 3HAKOBMMA), HE3aBUCHO Of je3nka Ha
KojeM je HanucaH pag.

Ha3uB ycTaHoBe ayTopa (acdhmnujauuja)

HaBogu ce nyH (3BaHWYHM) Ha3MB 1 CeduLUTe YCTaHOBE Y KOjoj je ayTop 3anocrieH, a
€BEeHTyalHoO M Ha3vWB YyCTaHOBe Y KOjoj je ayTop 00aBvO uUCTpaxuBamse. Y CrOXEHUM
opraHv3aumjama HaBoau ce ykynHa xujepapxuja (Hnp. YHuBepauTeT oabpaHe y Beorpagy,
BojHa akagemwuja, Kategpa npupogHo-maTemaTtvdkvx Hayka). bap jegHa opraHusauuja y
xvjepapxvju Mopa GuUTW MpaBHO Nnuue. AKO ayTopa uMa BWLLIE, a HEeKU NOoTU4y K3 ucte
ycTaHoBe, Mopa ce, MocebHVMM O3Hakama UMM Ha ApYrv Ha4vH, HasHa4YMTU U3 Koje of
HaBeJeHMX YCTaHOBa MNOTMYE CBaky O HasedeHux aytopa. Adwunujaumja ce ucnucyje
HernocpeaHo HaKoH MMeHa ayTopa. PyHKUMja 1 3Bake ayTopa Ce He HaBogde.

KoHTakT nogauu
Agpeca unu e-agpeca CBMX aytopa aje ce nopes MMeHa 1 npes3umeHa aytopa.

KaTteropuja (Tun) unaHka

KaTeropusauuvja unaHaka obaBes3a je ypegHuwTBa M of nocebHe je BaXHOCTW.
KaTteropujy unaHka mory npegnaratv peueH3eHTW U YnaHOBWM YPEeAHWULLTBA, OLHOCHO
ypeoHuum pybpuka, anum OOroBOPHOCT 3a KaTeropusauujy CHOCU WUCKIbYYMBO [NaBHU
ypenHuK.

UnaHun y BojHOMexXHU4YKOM enacHUKy Knacudukyjy ce Ha HayyHe U CTpy4dHe
ynaHke.

HayyHn ynaHak je:

— opurMHanaH HayyYHu pag (pag Yy KojemM ce M3HOCe NPeTXoAHO HeobjaBrbeHu
pesynTaTi COMCTBEHNX UCTPaXuBarka Hay4YHUM METOO0M);

— npernegHu paz (pag Koju cagpXv OpurMHanaH, getarbaH U KPpUTUYKU Mpukas
UcTpaxusaykor npobrema wnu nogpyyja y Kojem je ayTtop ocTBapuo oppeheHu
OONpYHOC, BUASLYB Ha OCHOBY ayTouuTara);

— KpaTKO WM NPeTXO4HO caonwiTexwe (OpUrMHamHU HayYyHu pag nyHor dopmarTa,
anu mawer obvMa nnu NpenuMUHapHor Kapakrepay);

— HayyHa KpuTMKa, OOHOCHO nonemuka (pacnpaBa Ha oapeheHy Hay4dHy Tewmy,
3aCHOBaHa MCKIbYYMBO Ha Hay4HOj apryMeHTaLmju) U OCBPTU.

M3y3eTHO, y Hekum obnactma, HayyHu paf Yy 4Yacomucy Moxe uMatn obnuk
MoHorpadcke CTyauvje, kao W KpUTUYKOr u3gawa HayyHe rpahe (MCcTopujcko-apXmBeke,

274




nekcukorpadpcke, Oubnuorpadcke, npernega nogataka WM cn.), OOTad HenosHate unm
HeOO0BOSbHO NPUCTYNaYHe 3a Hay4Ha UCTpaXKuBaH-a.

PapoBu knacmdgukoBaHu kao Hay4HU Mopajy nMmatu 6ap ABe nosmtmneBHe peLl,eH3VIje.

Ako ce y yaconucy objaBrbyjy 1 Npunosn BaHHay4YHOr KapakTepa, Hay4yHW YnaHum
Tpeba aa Oyay rpynmMcaHun u jacHo M3LBOjEeHN y MPBOM Aeny CBECKE.

CTpy4HM YnaHak je:

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

— MHpOpPMaTUBHM NpUnor (YBOOHWUK, KOMEHTap v cn.);
— NpuKa3s (Kkure, padyHapcKor nporpama, crny4aja, HayvHor gorahaja, u crn.).

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

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

CaxeTak

CaxeTak jecTe KpaTak MHGOPMAaTMBaH Mpukas cagpxaja 4naHka Koju uutaouy
omoryhaBa ga 6p30 1 Ta4HO OLEHWN HEroBy PeneBaHTHOCT. Y MHTepecy je ypeaHuLTasa
N ayTopa fa caxeTak cagpXu TepMMHe KOju Ce 4eCcTO KOpUCTe 3a MHAEKCcMpake U
npetpary unaHaka. CacTaBHM [enoBW caxeTka Cy yBOA/UMIb UCTpaxuBama, MeToaw,
pesyntati u 3akrbyyak. Caxetak Tpeba ga mma og 100 go 250 peum n Tpeba ga ce
Hanasn namehy 3arnaerba (Hacrnos, MMeHa ayTopa U Ap.) U KIbYYHUX Peyn, HAaKOH KOjUX
cneawu TEKCT YnaHka.

KrbyuHe peun

KrbyyHe peun cy TepmuHu unu dpase Koje agekBaTHO npeacTaBrbajy caapkaj
ynaHka 3a noTpebe MHOekcMpara 1 npeTpaxusawa. Tpeba ux gogersmatu ocnamajyhu
ce Ha Heku MehyHapoaHu wM3BOp (MOMUC, PEYHMK UMM Tesaypyc) Koju je Hajwupe
npuxsaheH wnn yHyTap gate HayyHe obnactu. 3a Hnp. HayKy yonwTe, TO je nucTa
Kby4HUX peun Web of Science. Bpoj kibydHux peun He moxe 6utn Behm og 10, a y
MHTEepecy je ypeOHULITBA M ayTopa Aa yyecTanocT wuxoBe ynotpebe byae wro Beha.
KrbyyHe peuun Aajy ce Ha je3uKy Ha KOjeM je HanucaH unaHak (CaxkeTak) M Ha eHrneckom
jesnKky. Y unaHky ce nuLly HeMocpedHO HaKOH caxeTka.

Cuctem ACUCTEHT vy Ty cBpxy kopuctu cneunjanny anatky KWASS: aytomatcko
€eKCTpaxoBame KrbyYHUX Peyn M3 AUCUMNIMHapHUX Tesaypyca/peyHuka no usbopy u
pyTMHE 3a HMXOB ofabup, Tj. NpuxBaTakwe OAHOCHO ofbauuBare Of CTpaHe ayTopa
n/vnu ypeaHuka.

D,aTyM npuxeaTtama 4naHkKa

[JaTtym kafa je ypeOHWLITBO NPUMWUIIO YnaHak, AaTyM Kaja je ypeOHWLITBO KOHa4Ho
NMpUXBaTWMoO u4naHak 3a objaBrbMBame, Kao W aaTymu kaja cy y MefyBpemeHy
[OCTaBIbeHe eBEHTYyarlHe UCMpaBKe pPyKonuca HaBode Ce XPOHOMOLLKUM peflocreaom, Ha
cTarHoM MecTy, No NpaBuy Ha Kpajy YnaHka.
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3axBanHuua

Ha3aue n 6poj npojekTa, 04HOCHO Ha3MB Nporpama y OKBMPY KOjer je YraHak HacTao,
Kao U Ha3uB MHCTUTYLUMje Koja je puHaHCMpana npojekaT unu nporpam, HaBogau ce Yy
nocebHoj HaNoOMeHW Ha cTanHoOM MecCTy, MO NPaBWIy Npy AHY NPBE CTpaHe YnaHka.

MpeTxoaHe Bep3uje papa

AKO je unaHak y MnpeTxodHOj Bepauju 61O M3MNOXeH Ha CKymy y Buay YCMeHor
caonwTewa (Mo4 MCTMM WNW CRUMYHUMM HACcMOBOM), nogatak o Tome Tpeba ga Gyae
HaBegeH y nNocebHOj HanomeHw, No Npaswuny Npu AHY NpBe cTpaHe uynaHka. Pag koju je
Beh objaBrbeH y HeKOM 4aconucy He Moxe ce 06jaBuTu y BOjHOTEXHUYKOM rracHuKy
(npewTamnatu), HA NOA CAMYHUM HACNOBOM U M3MEHEHOM OBMUKY.

TabenapHu u rpacnykmu npukasm

MoxercHo je Aa HacnoBu CBUX Mpukasa, a no MoryhcTBY M TEKCTyanHu cappxaj,
Oyay Aatv 4BOje3NYHO, Ha je3nKy pada M Ha eHrMeCcKoM je3uKy.

Taberne ce nvLy Ha UCTWM HAYWH Kao M TEKCT, a 03Ha4vaBajy ce peaHum BpojeBrma
ca ropte cTpaHe. Potorpaduje u upTexu Tpeba aa 6yay jacHu, NnpernegHu 1 NOrogHu 3a
penpoaykuujy. Liptexe Tpeba pagutu y nporpamy word unu corel. ®otorpadmje u
LpTexe Tpeba NOCTaBUTU Ha KEILEHO MECTO Y TEKCTY.

3a crnuke u rpaduKoOHE He CMe Ce KOPUCTUTM CHMMaK ca eKpaHa padyHapa
nporpamMa 3a NpuKynrbarwe nogataka. ¥ camoMm TEeKCTy unaHka npenopydyyje ce ynotpeba
cnvka u rpadmkoHa HenocpeaHo M3 nporpama 3a aHanuay nogartaka (kao wrto cy Excel,
Matlab, Origin, SigmaPlot n gpyrn).

HaBohewe (uMTupame) y Tekcty
HauvH nosmBara Ha M3BOpE Y OKBMPY YnaHka Mopa 6uTu jefHoobpasaH.

BojHoTexHMuYkM rmacHuK 3a pedepeHumpatbe (LMTupawe u HaBohewe nutepartype)
npumetrsyje XapBapAcku cuctem pedepeHLmn, 0AHOCHO XapBapAcku NPUPYYHUK 3a CTUM
(Harvard Referencing System, Harvard Style Manual). ¥ camom Tekcty, y 0OMYHUM
3arpagama, Ha MecCTy Ha KOjeM Ce BpLUM MOo3uBare, OAHOCHO LuTMpamwe nutepaType
HabpojaHe Ha Kpajy YnaHka, o6aBe3HO y 06MYHOj 3arpagun HanucaTu Npe3nMe UmMTrpaHor
ayTopa, roguHy usgamwa nybnukauuje M3 kKoje uMtTupaTte u, eBeHTyanHo, 6poj cTpaHuua.
Hnp. (Petrovi¢, 2012, pp.10-12).

[eTarbHO ynyTCTBO O HauuHy LUMTMpara, ca npuMepuma, AATo je Ha CTpaHuum
cajta Ynymcmeo 3a Xapeapdcku npupyd4HuUk 3a cmus. MNoTpebHo je aa ce nosmBakwe Ha
nuTepaTypy y TeKCTy ypaau y cknagy ca NOMeHyTUM YryTCTBOM.

Cuctem ACUCTEHT y cBpxy KoHTpone HaBohewa (uuTupara) y TeKCTY KOpUCTU
cneumnjanHy anatky CiteMatcher: oTkpuBarwe M30CTaBrbEHUX UMTaTa y TEKCTy paga v y
nonucy pedgepeHum.

HanomeHe (cpycHoTe)

HanomeHe ce gajy npu AHy cTpaHe Ha Kojoj Ce Hanasu TeKCT Ha Koju ce OAHOcCe.
Mory cagpxatun make BaxHe AeTarbe, AOMnyHcka objaltbersa, HasHake o0 kopuwheHum
n3BopuMa (Ha npumep, Hay4dHoj rpafu, npupyyHuumMma), anv He Mory 6uTu 3ameHa 3a
LUTMpaHy nuteparypy.

INucra pedepeHumn (nutepatypa)

Liutuparna nutepaTypa obyxsaTa, no npaeuiy, Gubnuorpadcke n3Bope (UnaHke,
MoHorpacuje 1 cn.) U faje ce UCKIbYYMBO y 3aceGHOM oferbKy YnaHka, y Bugy nucTe
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pedepeHun. PedepeHue ce He npeBode Ha je3uk paga M Habpajajy ce y nocebHom
OferbKy Ha Kpajy YnaHka.

BOjHOTEXHMYKM MMACHWK, Kao Ha4uH McnMca nutepaTtype, NpMMenyje XapBapacku
cucteMm pedpepeHUn, oOHOCHO XapBapAcku npupydHuk 3a ctun (Harvard Referencing
System, Harvard Style Manual).

JNutepatypa ce obaBe3HO nuLle Ha NaTUHUYHOM MMCMYy U Habpaja no abeuegHoM
pepocneny, HaBogehu Hajnpe npe3vmeHa ayTopa, 6e3 Hymepauuje.

[eTarbHO ynyTCTBO O HauMHy nonuca pedepeHun, ca npumepvma, AaTto je Ha
cTpaHuum cajta Ynymcmeo 3a Xapeapdcku npupyyYHuUk 3a cmus. [NoTtpebHo je pga ce
nonuc nuTepaType Ha Kpajy YnaHka ypaaum y cknagy ca noMeHyTUM yrnyTCTBOM.

HecTtangapgHo, HenoTnyHo unn HegocnegHo HaBOf]eH::e nntepartype y cumcremmma
BpegHoOBawa 4aconuca cmatpa ce [OOBOJbHMM pasfioroMm 3a ocnopaBawe HaydHor
CTaTycCa 4Yaconuca.

Cuctem ACUCTEHT y cBpxy KOHTpOne npaBWiHOTr uchiuca nucte pedepeHum
Kopuctu cneumjanHy anaTtky RefFormatter: koHTpona obnukoBara pedepeHum y cknagy
ca XapBapacKnM NpyYpy4YHUKOM 3a CTWII.

U3jaBa o aytopcTBY

[Nopen unaHka goctaerba ce M3jasa 0 aymopcmey y KOjoj ayTopu HaBode CBOj
nojeaAvHayYHn JONPUHOC Yy u3pagu YnaHka. Takohe, y Toj usjasu NnoTBphyjy Aa Cy YnaHak
ypagunu y cknagy ca [losusom u ynymcmeoMm aymopuma w M3jagomM 0 emuykom
nocmynary Yacornuca.

CBM pagoBu NoAarnexy CTPy4YHOj peLieH3uju.

Cnuncak peleH3eHata BojHOTEXHMYKOr rmacHWka MoXe ce BuAeTU Ha CTpaHuuuM
caita Crnucak peueHseHama. [lpouec peLeH3npawa O0bjalkeH je Ha CTpaHuum
cajta PeueH3aeHmcKuU rnocmynak.

Appeca pepakumje:

BOjHOTEXHMYKM rNacHUK

Berbka Jlykuha Kypjaka 33

11042 Beorpag

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
"MaBHM 1 0QrOBOPHN ypeaHuK
mMp Hebojwa Mahewwua, Avnn. nHX.
nebojsa.gacesa@mod.gov.rs,

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

MHCTpyKUMst Ans aBTOpPOB O Mopsidke MOArOTOBKW CTaTbM K OMNybruvkoBaHWiO B
XypHane «BoeHHO-TexHUYeckuii BecTHUK» paspaboTaHa cornacHo PernameHTty o
KaTeropmsaumm 1 paHXMpoBaHWM HayyHbIX XypHanoB MwuHuctepcTBa obpasoBaHusg,
Hayku 1 TexHonornyeckoro passutusa Pecnybnuku Cepbus («Cnyx6erun rnacHmk PCy», Ne
159/20). TpumeHeHne aToro PernameHTa CcNOCOOCTBYET MOBLILEHWIO KayecTBa
OTEYECTBEHHbIX XypHanoB W uX 6oree MOMNHOMY BOBMEYEHUIO B MEXOYHAPOAHYO
cnucTemy obMeHa Hay4yHoln nHdopmaumen.

BoeHHo-TexHMuyeckun BecTHUK (Vojnotehni€ki glasnik / Military Technical
Courier), BTr.Mo.ynp.cp6, www.vtg.mod.gov.rs/index-ru.html, ISSN 0042-8469 —
neyatHoe wusgaHue, e-ISSN 2217-4753 - online, UDK 623+355/359, DOI:
10.5937/VojnotehnickiGlasnik; https://doi.org/10.5937/VojnotehnickiGlasnik, sBnsetca
MYynbTUANCLUMNNHAPHBIM Hay4HbIM XypHanoMm MuHuctepctesa 060poHbl 1 Boopy»KeHHbIX
cun Pecnybnnkn Cepbus.. B xypHane nybnukytloTca HayuHble M npodpeccroHanbHble
cTaTbMn, uccrnegylowye Takne obnacTv Kak: MaTemaTuka, KOMMbIOTEPHble Hayku U
MexaHuka, a Takke 00nacTu  TEeXHONMOrMYeckoro  pas3BUTUSL:  3MEKTPOHMKA,
TEeNneKoMMYyHUKaLuMK, MHOPMaLIMOHHbIE TEXHOMOMMM, MalIMHOCTPOEHWe, maTtepuansl U
XMMUYECKME TEXHOMOMMK, B XypHarne Takke nybnukyeTcs: TexHuyeckas uHgopmaums o
COBPEMEHHBIX CUCTEMAaX BOOPYXEHWUS U COBPEMEHHBIX BOEHHbIX TexHomorusx. XXypHan
cneauvT 3a eOuMHON  MEXBWOOBOW TEXHMYECKON MNOAAEPXKON BOOPYXKEHHbIX CuI,
OCHOBAHHOW Ha NMPUHLMMIAX CUCTEMHON NOMMCTUKK, 3a MPUKNAGAHLIMW U MHHOBALIMOHHbLIMU
Hay4HbIMW UCCMegoBaHWAMK, B TOM 4ucne, B obnactu npou3BOACTBa BOOPYXEHUS U
BOEHHOWN TexHWKW. B xxypHane nybnukyloTca v npoyne TeopeTudeckue u npaktuyeckne
OOCTWKEHUs, KOTOpble CNocobCTBYIOT MOBbILLEHWIO KBanudukaumn npeacraButenein
cepObcKoro, permoHanbsHoOro 1 MexayHapoaHOro akagemmnyeckoro coobLecTsa, 0Co6eHHO
BOeHHocnyxawmx MuHnctepctea O60poHbI U BOOpYXEHHBIX cun.

PepakuvoHHasa nonutuka XypHana «BoeHHO-TEXHUYECKUI BECTHMK» OCHOBaHa Ha
pekomeHpaumax Komuteta no atuke HaydHbix nybnukauui (COPE Core Practices), a
TawKe Ha nydlwen MpakTMke B Hay4YHO-U3JaTenbCKOW AesiTenbHoCTU. «BoeHHo-
TEXHMYECKU BeCTHUK» siBnseTcs uneHom COPE co 2 maa 2018 ropa.

MuHncTepcTBOM 06pasoBaHWsA, HaykM M TEXHOMOrMYecKoro passutna Pecrybnvku
Cepbus ytBepxaeHa 18 pekabps 2020 r. kateropusauusi XypHana «BoeHHO-TEXHUYECKUN
BecTHMK» 3a 2020 roa;

KaTteropun B 06nacTv OCHOBHbIX NCCReA0BaHWIA:

— O6nactb MmaTemMaTuKa, KOMNbIOTEPHbIE HAayKN, TEXHUYECKUE HaYKW:

HaumoHanbHbIN xypHan (M53).

KaTteropun B 06nactv TEXHONOrM4eCcKoro passuTus:

— O6nacTb 3NEeKTPOHMKWU, TENEKOMMYHUKaLMIA U MHOPMALMOHHbLIX TEXHOMOTUN:

BbICOKOKa4YeCTBEHHbIV HaLMoHanbHbIn xypHan (M52).

— Obnactb MexaHUKK:

BbICOKOKA4YeCTBEHHbIV HaLMoHanbHbIN xypHan (M52).

— O6nacTb MaTepnanoB U XMMMYECKON TEXHONOTUK:

BbICOKOKa4YeCTBEHHbIV HaLMoHanbHbIn xypHan (M52).

C vHopMaLmen oTHOCUTENBHO kaTeropusaumm 3a 2020 rog MOXHO O3HAKOMUTBCS
Ha cTpaHuue camnTta «BoeHHO-TexHu4eckoro BecTHuKa» Kameesopu3ayusi BecmHuka
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(MUHMCTEPCTBOM MNPOCBELLEHNS,, HayKM W TEXHOMOrM4eckoro passutua Pecnybnuvku

Cepbusi noka He npousBedeHO OUUMANbLHOTO PaHXMPOBAHUA HAay4HbIX XXypHanoB 3a
2021 rog).

Bonee nogpobHyd wWHGOPMaUMIO MOXHO HaWTM Ha cante MuHUCTepcTBa
06pas3oBaHus, HayKu 1 TexHonornyeckoro passuTtusi Pecnybnuvkm Cepbus.

C uvHdopmMaLmen o kaTeropusaumm MOXHO O3HakoMuTbca M Ha cante KOBCOH
(KoHcopuunym 6ubnuotek Pecnybnukn Cepbusi no Bonpocam o6beanHeHUs 3aKyrok).

Kateropusauusi BecTHuka npoBegeHa cornmacHo PermameHTy O karteropusaumm um
paHXMpOBaHNK Hay4HbIX XypHanos MuHucTepcTBa 06pa3oBaHmns, Haykv Y TEXHONOTMYECKOro
passutusa Pecny6nukm Cepbus («Cnyxberu rnacHuk PCx», Ne 159/20)

B cooTBeTCTBUMM C BblleykadaHHbIM [lonoxeHnem u Tabnuuel C nokasaTensmm
Knaccudpukaumm M KaTeropusauuMmM - MHOMBUAYarbHbIX  HayYHO-WUCCREAOoBaTENbCKUX
pe3ynbTaToB, SBMSAOWENCA HeoTbeMneMon uYacTbto [lonoxeHusi, HayyHasa craTbs,
onybnvkoBaHHas B «BOEHHO-TEXHMYECKOM BECTHUKEY, OLIEHMBAETCS CreayroLwymM criocobom:
2 6anna (kateropusa M51), 1,5 6anna (kateropusa M52) n 1,5 6ann (kateropusa M53).

XKypHan cootBetcTByeT cTtaHgaptam Cepbckoro MHAEKCa Hay4yHoOro LMTUPOBaHUS
(CUMHpekc/SCIndeks) — HaykomeTpuuecko 6a3bl  AaHHbIX Hay4HbIX >KypHanoB
Pecny6nukn Cepbusi, a Takke Poccuiickoro nHaekca HayvHoro umtupoBanus (PUHLL).
KypHan nocTosiHHO nogBepraeTcss MOHWTOPUHIY W OLEHMBAETCH KONUYECTBEHHbLIMU
HayKOMETPUYECKUMMN MOKasaTensaMu, OTpaXKaloLMMKU €ro Hay4Hyl LEHHOCTb, B T.4.
0onocpenoBaHHO B MeXAyHapOAHbIX nHaekcax umtnpoBaHus (Clarivate Analytics).

C uHdopmauven 06 MHAEKCUPOBAHUM MOXHO O3HAKOMWTBCSA Ha CTpaHuue canta
XypHana MHdekcuposaHue BecmHuka.

«BoeHHOo-TexHMYeckniA  BeCTHMK»  obecneuyMBaeT 4uTaTensM  BO3MOXHOCTb
OTKPbITOTO ~ AOoCTyrna, B COOTBETCTBMM C  MOMOXeHWsAMM 06  aBTOPCKUX
npaeax, yTBepxaéHHbimn  Creative Commons (CC BY). C wuHcTpykumen o6
aBTOPCKMX NpaBax MOXHO O3HAKOMWTLCS Ha CTpaHuue Asmopckue npasa u noaumuka
camoapxusuposaHusi, nepenasa no ceoinke http://www.vtg.mod.gov.rs/index-ru.html.

Pykonucu ctaten HanpaensioTCA B pedakumio XXypHana ¢ ucnonb3osaHuem online
cuctembl ASSISTANT, 3anyweHHon LieHTpom noaaepxu passuTusi obpasoBaHus u
Hayku (LINMPOH).

Pernctpauus B cucteme n ocopmneHne npas [OCTyna BbINOMHAETCA MO agpecy
http://www.vtg.mod.gov.rs/index-ru.html, yepes ctpanuuy ASSISTANT wnv CUMHLOEKC
(aseestant.ceon.rs/index.php/vtg).

C VHCTpyKUMen no pernctpauumM 1 npaBaM AOCTYyNa MOXHO O3HaKOMWUTbCS MO
apgpecy http://www.vtg.mod.gov.rs/index-ru.html, Ha cTpaHuue MHcmpykyus o
ASSISTANT.

Bce aBTOpbl, NMpegocTaBnsiolMe CBOM pyKkonucu AN nybnukauum B pegakuumio
XKypHana «BOEHHO-TEXHUYECKMIA BECTHUK»  [OMMKHbI  MPOWTU  MpeaBapUTENbHYHO
pernctpauuio B peectpe ORCID (Open Researcher and Contributor ID). 3Ta npoueaypa
OCYLLECTBMAETCA B COOTBETCTBUM C WHCTPYKUMEN, pa3MELLEeHHOW Ha CTpaHuue canTta
Peaucmpauus 8 peecmpe ORCID 0nsi npuceoeHusi udeHmughukayUuoHHO20 Kooa.

«BoeHHo-TexHuYecknii BECTHUK» nybnukyeT ctatbn Ha cepbCKOM, pyCcCKOM wnuv
aHrnumnckom aseikax (Arial, wpudT 11 pt, npoben Single).

lMpouecc NOArOTOBKM, HanNWCaHWA W pedakTMpoBaHUs  CTaTbWM  [OIDKEH
OCYLLECTBNATbCS B COOTBETCTBUMM € NpuHUMNamu  Omuyecko2o  Kodekca
(http://www.vtg.mod.gov.rs/etichyeskiy-kodyeks.html).
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CraTtbs JOMmMKHA coaepXkaTb pestoMe C KIMHYeBbIMY CITOBaMu, BBEAEHME, OCHOBHYHO
YacTb, BbIBOAbI, CMIMCOK UCMONb30BAHHOW NUTepaTypbl 1 PE3OME C KIHOYEBLIMU CIOBaMU
Ha aHrmuickom a3bike (6e3 Hymepaumy 3arofioBKOB M noasaronoBkoB). O6bHEM cTaTby He
OOJDKEH MpeBblwaTb OOUH aBToOpckui nucTt (16 cTpanuy copmata A4 ¢ npobernom
Single).

Ctatbs gomkHa ObITb HabpaHa Ha KOMMbOTEPE C UCMOMb30OBAHMEM CreuuarnbHO
NoAroTOBMEHHOIO  pedakuMen  MakeTa, KOTOpbIi  MOXHO CkadaTb Ha  CTpaHuue
canTta lMpasuna u obpasey cocmasneHuss cmambu.

3aronoBok

3aronoBok JOMmKeH oTpaxaTb TeMy cTaTbu. B uWHTepecax XypHana u aBTopa
HeobxoaMMO MCnosb30BaTh CroOBa WM CIOBOCOYETAHUs!, yAOOHble AN MHAEKcauun u
novcka. Ecnu Takne cnoea He coaepxaTcsi B 3aronoBke, TO XenaTemnbHO Ux JobaBuTb B
noAs3arofioBoK. 3arofoBOK [OSMKeH ObiTb nepeBeféH Ha aHrmuMAckuin s3blk. HassaHue
3aronoBka (NoA3aronioBka) NULLETCH Nepes pe3toMe Ha COOTBETCTBYHOLLIEM SI3bIKE.

Tekywwmit 3aronoBok

TekylWil 3arofioBOK MULIETCS B TUTYNME KaOoW CTpaHuubl cTaTb C LEMbio
YMpOLLEHMS NpoLiecca MaeHTUdMKaLUK, B NEPBYIO 04epefb KOMWUIA CTaTbel B 9NIEKTPOHHOM
Buae. 3arornoBok cogepxuT B cebe hamunuio U MHULMan UMeHU aBTopa (B criydyae ecnu
aBTOPOB HECKOMbKO, OCTarbHble 06o3HavatoTes ¢ «et al.» unu «u ap.»), HaseaHWe paboTbl
M XypHana (rog, TOM, BbINYCK, HauanbHas W 3akmounTenbHas cTpaHuua). 3aronoBok
cTaTby 1 Ha3BaHWe XXypHana MoryT ObiTb NPUBEAEHbI B COKPALLEHHOM BUAE.

®PUO aBTOpa

MpuBoaATCcs nonHas haMunus 1 NosiHoe UMsl (BCex) aBTopoB. XKenaTtensHo, YTo6bl
6blNMM yKa3aHbl UHWUMAnNbl OTYeCTB aBTOpoB. ®amMunus U Msa aBTopoB U3 PecnyGnuvku
Cepbua Bcerga nuyTCS B OpuUriHarnbHOM Buae (C cepBCKUMU  AMaKpUTUHECKUMMU
3HaKamu), He3aBUCKMO OT sA3blka, Ha KOTOPOM HanvcaHa paborTa.

HanmeHoBaHue yupexaeHusa aBTopa (addunumauus)

MpuBognTCcA MonHoe (odMuUManbHOE) HaMMEHOBaHWe U MEeCTOHAaXOXAeHve
yypexaeHusi, B KoTopoM paboTaeT aBTop, a Takke HaUMEHOBAaHVE YYpexXaeHnsl, B KOTOPOM
aBTOp NPOBEN nccrnegoBaHne. B criyyae opraHnsaumin Co CIOXHOWM CTPYKTYPON NPUBOAUTCS
MX Mepapxuyeckasl COMOAYMHEHHOCTb (Hanp. BoeHHas akagemus, kadedpa BOEHHbIX
3MNEKTPOHHbIX cuctem, r. Benrpag). Mo kpanHen Mepe, ogHa M3 opraHM3aumnin B nepapxmm
[OIMKHa MMETb CTaTyC IopuanYeckoro nuua. B cnyyae ecnm ykasaHo HECKOMbKO aBTOPOB, U
€CnM  HekoTopble K3 HUX paboTaloT B OOHOM YYPEXOEHWW, HYXHO OTAernbHbIMK
0603Ha4YeHNAMN UM KakMM-nmbo Apyrum cnocobom ykasaTb B KakOM W3 MPUBEAEHHbLIX
yypexaeHuin paboTtaeT Kaxabli M3 aBTOPOB. Adhdunuauus nueTcs HenocpencTBEHHO
nocne PO aBTopa. [JOMKHOCTb 1 CNELManbHOCTb NO AUMIIOMY He YKasbiBaOTCS.

KoHTakTHble AaHHble

OneKTPOHHbI aipec aBTopa yKasbiBAOTCH PSOOM C €ro MMEeHeM Ha nepBoii
CTpaHu1Lbl CTaTby.

KaTteropus (tun) ctratbmn

KaTteropusauunsa crtatbent aBndeTcd 0053aHHOCTbIO penoakumm 1 nMMmeet ocoboe
3HayeHune. Kateropuio ctatbu MOryT npegnaratb peueH3eHTbl U 4YieHbl peJakuuu, T.e.
penaKkTopbl py6pV|K, HO OTBETCTBEHHOCTb 3a KaTeropmsauunto HeceT WCKNMIYUTEeslbHO
rnaBHbIN penakTop. Cratbu B XypHarne pacnpenenatoTca no cneagyrwmnm Kateropmam:
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Hay4yHble cTatbu:

— oOpurMHamnbHas HayyHas cratbs (paboTa, B KOTOpOW MpMBOAATCA paHee
HeonybnunkoBaHHbIe pe3ynbTaTbl COOCTBEHHbLIX WCCNEAOBaHWA, MOMYYEHHbIX HayYHbIM
MEeTOAO0M);

— obs3opHas cTatbs (paboTa, cogepXalias OpUrMHamnbHbIA, [eTanbHblidi U
KpUTUYeckuii o63op uccredyemoint npoGriembl Unu obracTi, B KOTOPbIA aBTOp BHEC
onpenenéHHbIn BKNag, BUOVMMbIA Ha OCHOBE aBTOLMTAT);

— KpaTkoe coobLieHVe (opurmHanbHasi Hay4Has pabota nomnHoro copmarta, Ho
MeHbLUero o6béma unu nveroLasa npeaBapuTenbHbIA XapakTep);

— HayyHasi KpuTudeckasl cTaTbsl (AMCKyCCUS-MONeMMKa Ha OnpeaeniéHHY HayyHyo
TeMy, OCHOBaHHasi MCKITIOUMUTESIbHO Ha Hay4HOW apryMeHTauum) 1 HayYHbIi KOMMEHTapWIA.

OpHako, B HEKOTOpbIX 06nacTax 3HaHW Hay4yHasi paboTa B KypHane MoXeT UMeTb
hopmy MOHOrpacnyeckoro nccrnefoBaHus, a Takke KpUTUYECKOro oBCyaeHNs Hay4yHOro
maTtepuana (MCTOPUKO-apXMBHOTO, NeKCuKorpaduyeckoro, bubnunorpaduyeckoro, ob63opa
AaHHbIX W T.N.) — 4O CMX NOP HEW3BECTHOTO UMM HEAOCTATOMHO AOCTYNHOMO AN Hay4HbIX
nceneposaHnii. PaboTbl, knaccuduumpoBaHHble B Ka4eCTBE Hay4HbIX, JOMMKHbI UMETb,
Mo MeHbLUen Mepe, ABE NOMNOXWUTENbHbIE PELeH3NN.

B cnyyae ecnu B XypHane o0bsBASIOTCA U MPUMOXEHWS, HE UMeOLWMe HayYHbIN
XapakTtep, Hay4Hble CTaTbW AOIKHbI ObITb CrpyNMUPOBaHbl U YETKO BblAeneHbl B NepBow
4YacTn Homepa.

[podheccroHanbHble cTaTbi:

— npodpeccroHanbHaa paboTta (NPUNoXeHusi, B KOTOPbIX NpeanaralnTcs OnbiThl,
nonesHble [Afs COBEPLUEHCTBOBaHWS MpodeccMoHanbHoW MPakTUKK, HO KOTOpble He
[OIMKHbI B 06513aTenbHOM nopsiake bbiTb 060CHOBaHbLI HA HAyYHOM MeToAe);

— UH(OPMaTUBHOE NpUNoXeHue (NepefoBas CTaTbsl, KOMMEHTAPUIA 1 T.M.);
— 0630p (KHMIM, KOMNBIOTEPHOM NPOrpamMMmbl, Criydasi, Hay4Horo cobbITs 1 T.M.).

A3bik paboThl

Pa6Gota MmoxeT 6bITb HanncaHa Ha Cep6CKOM, PYyCCKOM nnu aHIMUIACKOM A3bIKe.

TeKkcT fomkeH OblTb B NMHIBUCTUYECKOM U CTUMMCTUHECKOM CMbICNE YMOpPSA0YEH,
cucTemaTtusmpoBaH, 6e3 cokpalleHuii (3a UCKNYeHneM ctaHaapTHbIX). Bee dusnyeckne
Benn4nHbl OOIMKHbI COOTBETCTBOBATbL Me>|<,quapo,J:lH0|7| cucrteme egnHUL, U3MepeHna —
CW. OuepepHocTb hopmyn o60o3HavaeTcs NOpAAKOBLIMM HOMEPamu, NPOCTaBAEMbIMU C
NpaBol CTOPOHbI B KPYrfbIX CKOOKaXx.

Pe3rome

Pesiome aBnseTca kpaTkmMm MHGOPMaTMBHBIM 0630pOM COAEepXKaHuUs CTaTbMy,
obecneymBaowMM yuTaTento ObICTPOTY M TOYHOCTb OUEHKM eé penesBaHTHOCTU. B
MHTepecax pefjakuuM W aBTopoB, YTOObI pes3loMe COoAepXano TEepMWHbl, 4acTo
ncnosnb3yemble AN MHOAEKCUPOBaHMA 1 noucka ctatbei. CocTaBHbIMM YacTAMU pesiome
ABNATCA BBeAeHWe/Lenb uccrnegoBaHns, Metodbl, pesynbTaTbl U BbiBOAbl. B pestome
JomkHo ObiTb oT 100 go 250 cnoB, U OHO [JOMKHO HaxoAWUTCS Mexay TuTynammu
(3aronosok, PO aBTOpPOB U AP.) M KNOYEBLIMK CIOBaMU1, 3a KOTOPbIMU CrieayeT TeKCT
craTbu.
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KniouyeBble cnoBsa

KnioyeBbiMM  crioBamMu  SBASOTCS  TePMUHbI MM dpasbl,  afaekBaTHO
npeacTaensowme cogepxaHve cratbl, HeOOXoAMMblE ANS UHOEKCUPOBAHUS U Moucka.
KnioueBble cnoeBa Heobxogumo BblOMpaTh, onupasick NpuM 3TOM Ha Kakon-nnubo
MeXAYHapOAHbIN WCTOYHWK (pernctp, crosapb, Tesaypyc), Hanbonee nCNoOnNb3yembin
BHYTPW AaHHOW HayyHom obnacTtu. Ymcno Kno4veBbIX CrnoB He MoxeT npesbiwaTe 10. B
MHTepecax pedakumn 1 aBTopoB, YTOObI YacToTa MX BCTPeUn B cTaTbe Oblna kak MOXHO
Gonblien. Knoyesble crioBa 4aloTCa Ha S3blke, HA KOTOPOM HanucaHa ctaTtbs (pesiome),
1 Ha aHIMUIACKOM si3blke. B cTaTbe OHM NULLYTCA HENOCPEACTBEHHO NOCHe pesioMe.

Mporpamma ASSISTANT npepocTtaBnsieT BO3MOXHOCTb WCMOSb30BaHUS cepBuca
KWASS, aBTomaTtnyeckm UKCUPYIOLLIErO KITHoYeBble CoBa U3 MCTOYHUKOB/CoBapew no
BblOOpY aBTOpa/pegakTopa.

[aTa nony4yeHus ctatbu

[ata, korga pegakums monyyuna craTtblo; AaTta, Korga pefdakuusi OKOHYaTenbHO
npuHAna crTaTblo K NybnukaumMu;, a Takke [aTa, Korga Obinyv  NpeaocTaBreHbl
HeoGXoauMble UCMPaBIeHNs PYKOMUCK, NPUBOAATCA B XPOHOMOMMYEcKOM Mopsiake, Kak
npaBuno, B KOHLE CTaTbM.

BbipaxeHue 6narogapHocTH

HanmeHoBaHMe M HOMep MpoekTa, T.e. Ha3BaHWE nporpammbl 6narop,ap9| KOTOpOMN
CTaTbsA BO3HMKIAQ, COBMECTHO C HaMMeHOBaHMEM Yy4pexngeHud, KoOTopoe dunHaHcHpoBano
NPOEeKT nnu nporpammy, NnpMBoOATCA B OTAENTbHOM NpuMedaHun, Kak npasmno, BHU3Y I'IepBOI7I
CTpaHuUbIl CTaTbW.

MNpeabiaywme Bepcumn paboThbl

B cnyyae ecrnu cTtatba B npedplgylueni Bepcun Obina m3noxeHa ycTHO (nog
OOMHAKOBbIM MMM MOXOXWMM Has3BaHWeM, Hanpumep, B Buae [JokNaga Ha HaydHoWn
KoHdpepeHLUmm), cBeaeHns 06 3TOM OOIKHbI OblTh Yka3aHbl B OTAENbHOM MPUMEYaHuu, Kak
npaewro, BHW3y NepBON CTpaHuubl cTatbn. PaboTa, koTopas yxe Gbina onybnukoBaHa B
Kakom-nmbo 13 XypHanoB, He MOXeT ObITb HanevataHa B « BOEHHO-TEXHMYECKOM BECTHMKE»
HW Nop, MOXOXUM HasBaHWEM, HN B UIBMEHEHHOM BUae.

Hymepauus v HasBaHue Tabnuy u rpadmkoB

XKenartenbHo, 4Tobbl HyMmepaums 1 Ha3BaHve Tabnuy, 1 rpadmkoB ObiNM NCNOMNHEHb! Ha
OBYX fA3blkax (Ha s3blke opuriHana u Ha aHrnuMnckom). Tabnuubl NoANMCHLIBAIOTCA TaKUM Xe
cnocobom Kak n TeKCT M 0603HaYalTCs MOPSAKOBbIM HOMEPOM C BEPXHEN CTOPOHbI.
doTorpacpum N PUCYHKN AOSKHBI BbITb MOHATHBI, HAMSAAHBI M YAOOHBI ANS penpogyKumm.
PucyHkn Heobxoammo aenatb B nporpammax Word munu Corel. doTtorpacdum u pucyHkM Hago
MocTaBUTb Ha JXernaemoe MeCcTo B TekcTe. [Insi co3faaHvst u3obpakeHWd u rpadukos
ncronb3oBaHne PyHKLMN CHUMKa C 3KpaHa (CKpUHLLIOTa) He fJornyckaetcs. B camom TekcTe
CTaTbu PEKOMeHOYeTCs MPUMEHEHWEe M306paxeHuin 1 rpadmkoB, obpaboTaHHbIX TakMMu
KOMMbIOTEPHBLIMM Nporpammamu, kak: Excel, Matlab, Origin, SigmaPlot n gp.

CcbInku (UMTUPOBaHME) B TEKCTe

OdbopmMreHre CCbINoK Ha UCTOYHMKM B pamKax CTaTby JOIMKHO ObiTb 04HOOOPa3HLIM.
«BOEHHO-TEXHMYECKUIA  BECTHMK» Ans  OOPMIEHUss  CCbINOK, UMTaT U Crucka
MCMoNb30BaHHOW nuTepatypbl npumeHseT [apBapackyto cuctemy (Harvard Referencing
System, Harvard Style Manual). B TekcTe B ckobkax npuBoauTcs bamunns uuTMpyemoro
aBTopa (Unv damunusa NepBoro aBTopa, €CNM aBTOPOB HECKONbKO), MOA M3AaHus M no
HeobxoaumocTn HoMep cTpaHuubl. Hanpumep: (Petrovi¢, 2010, pp.10-20). PekomeHaauum
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0 cnocobe UMTUPOBaHUS pasMeLLieHbl Ha CTpaHuue canTa MHCMpyKyuUs rno ucroib308aHU
Fapeapdckoeo cmuns. NMpu 0OPMMEHUN CCbINOK, LUTAT U CNMCKa WUCMOSb30BAHHOW
nuTepaTtypbl  HeOOXOAUMO  MPUOEPXKMBATBCA  YCTAHOBMEHHbIX  HOpM. [porpamma
ASSISTANT npegoctaBnsieT nNpv LUTMPOBAHMM BO3MOXHOCTb WMCMONb30BaHUS CepBuca
CiteMatcher, doukcupytoLero nponyLeHHbIe LMTaTel B paboTe 1 B cnncke nutepaTtypsbl.

MpumeyaHus (cHOCKuK)

MpyMeyaHusi (CHOCKM) K TEKCTY YKasblBalOTCs BHWU3Y CTPaHuLbl, K KOTOPOWA OHU
oTHOcATCS. [MpumeyaHns MOryT cogepaTb MeHee BaXHble AeTanu, OOMOofHUTEenbHble
006bsACHeHUs, ykaszaHus 06 MCMONb30BaHHbLIX MCTOYHUKaX (Hamnp. Hay4yHOM martepuvane,
CnpaBOYHMKax), HO He MOryT GbiTb 3aMEHOIN NPOLEeAypPb! LUTUPOBAHNSA NUTEpaTypbl.

INuTtepaTtypa (pecdepeHumnn)

LinTnpoBaHHoW nuTepaTtypon oxBaTbIBalOTCS, Kak npaswuno, Takue
6ubnuorpacuyeckne UCTOYHMKM Kak cTaTbW, MoHorpadvm u T.n. Bca ncnonb3yemas
nuTepatypa B Buae pedepeHumnii pasmeLlaeTcs B OTAeNbHOM pasaerne cTaTbu.

Ha3sBaHusa nutepaTypHbIX UICTOYHMKOB HE NepeBoasTCA Ha s3blk paboThl.

«BOEHHO-TeXHMYECKMN BECTHUK» Ans  OPOpMIeHnss crnmcka WCnorib30BaHHOM
nutepaTypbl npumeHsieT [apBapackyto cuctemy (Harvard Style Manual). B cnucke
nMTepaTypbl UCTOYHMKM YKasbiBalOTCA B andaBMTHOM mopsAake damunuii aBTopoB WUnn
pepakTopoB. PekomeHgaumm o criocobe LMTMPOBaHMS pas3MelleHbl Ha CTpaHuue canta
WHcmpykyusi mo  ucrionb3oeaHuto  apeapdckozo cmuns. [Tlpyn  odopmMneHun  cnucka
MCMOb30BaHHOM NMUTEPaTYpbl HEOBXOAUMO NPUAEPKMBATLCS YCTAaHOBMEHHBIX HOPM.

Mpn odopmnennn cnucka nutepatypbl nporpamma ASSISTANT npepoctasnset
BO3MOXHOCTb UCMonb3oBaHusA cepBuca RefFormatter, ocywectensiowero KoHTponb
ochopmMneHns cnmcka nuTepartypbl B COOTBETCTBUM CO CTaHAapTamu [[apBapAcKoro CTuns.

HectaHpgapTHoe, HemonHoe W HemocrnegosaTeribHOe MpuUBEAeHWe nuTepaTtypbl B
cucTeMax OLEHKM XKypHana cyuMTaeTcs AOCTaTOYMHOW MNPUYMHOW AN OCnapuBaHUs
Hay4Horo craTtyca XypHana.

ABTOpCKOE 3asBneHune

ABTOpCKOE 3asiBfieHMe NpeaoCcTaBnseTcss BMECTe CO CTaTbeil, B HEeM aBTopbl
3aABNAIOT O CBOEM JIMYHOM BKMage B HanucaHvwe cratbW. B 3asBneHun aBTopbl
noATBEepXdalT, 4YTO CTaTbdl HanucaHa B COOTBETCTBMM C [IpuenaweHuem u
uHcmpykyusiMmu 0 aemopos, a Takke ¢ KodekcoMm npogheccuoHasbHol amuKu
XKypHana.

Bce pykonucu cTaten nognexar npocbeccuouaanomy peueH3npoBaHUIo.

Cnuncok peueH3eHTOB XypHana «BOEHHO-TEXHMYECKUI BECTHUK» pasmeu.l,éH Ha
CTpaHuue canta Criucok peueH3eHmMos. I'Ipou,ecc peueH3npoBaHna onucaH B pasgene

Mpasuna peyeH3uposaHus.

MouToBbIM agpec pepakuun:

«BojHOTEXHUYKM rNaCHUK»

yn. Benbka Jlyknua Kypsika 33

11042 Benrpag, Pecnybnuka Cepbus

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
[NaBHbIA M OTBETCTBEHHLIN peaakTop
KaHompat TexHudecknx Hayk Heboliwa Nayewa
nebojsa.gacesa@mod.gov.rs

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

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

The instructions to authors about the article preparation for publication in the
Military Technical Courier are based on the 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.mo.ynp.cp6, ISSN 0042-8469 — print issue, e-ISSN 2217-4753 — online,
ubC 623+355/359, DOI: 10.5937/VojnotehnickiGlasnik;
https://doi.org/10.5937/VojnotehnickiGlasnik) is a multidisciplinary scientific journal of the
Ministry of Defence and the Serbian Armed Forces. The journal publishes scientific and
professional papers covering fundamental research (mathematics, computer science and
mechanics) and technological development (electronics, telecommunications, information
technologies, mechanical engineering, material science and chemical technologies) as well
as technical data on modern weapon systems and military technologies. The journal covers
inter-service technical support to the Army on the principle of logistic system support;
fundamental, applied and development research; production and use of weapons and
military equipment. Also, the journal publishes other theoretical and practical achievements
leading to professional development of all members of Serbian, regional and international
academic communities as well as members of the military and ministries of defence in
particular.

The editorial policy of the Military Technical Courier is based on the COPE Core
Practices and the journal articles are consistent with accepted best practices in their
subject areas. As of 2 May 2018, the Military Technical Courier is a member of COPE
(Committee on Publication Ethics).

The Ministry of Education, Science and Technological Development of the Republic
of Serbia classified the Military Technical Courier for the year 2020, on December 18,
2020

in the field fundamental research:

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

category: national journal (M53),

in the field technological development:

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

category: quality national journal (M52),

—on the list of periodicals for mechanical engineering,

category: quality national journal (M52),

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

category: quality national journal (M52).

The approved lists of national periodicals for the year 2020 can be viewed on the
website of the Military Technical Courier, page Journal categorization (The Ministry of

Education, Science and Technological Development of the Republic of Serbia has not yet
published the official evaluation of scientific journals for 2021).

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).
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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.

In accordance with the Regulations and the table about types and quantification of
individual scientific and research results (as a part of the Regulations), a paper published
in the Military Technical Courier scores 2 (two) points (category M51), 1,5 (one and a
half) point (category M52) and 1 (one) point (category M53).

The journal is in the Serbian Citation Index — SCIndex (data base of national
scientific journals), in the Russian Index of Science Citation/Poccuinckun nHaekc
Hay4yHoro uutuposaHusa (RINC/PUHL) and is constantly monitored depending on the
impact within the bases themselves and indirectly in the international (e.g. Clarivate
Analytics) citation indexes. More detailed information can be viewed on the website of the
Military Technical Courier, page Journal indexing.

Military Technical Courier enables open access and applies the Creative Commons
Attribution (CC BY) licence provisions on copyright. The copyright details can be found on
the Copyright notice and Self-archiving policy page of the journal's website.

Manuscripts are submitted online, through the electronic editing system
ASSISTANT, developed by the Center for Evaluation in Education and Science — CEON.

The access and the registration are through the Military Technical Courier
site http://www.vtg.mod.gov.rs/index-e.html, on the page ASSISTANT or the page

SCINDEKS or directly through the link (aseestant.ceon.rs/index.php/vtg).

The detailed instructions about the registration for the service are on the website
http://www.vtg.mod.gov.rs/index-e.html, on the page Instructions for ASSISTANT.

All authors submitting a manuscript for publishing in the Military Technical Courier
should register for an ORCID ID following the instructions on the web page Registration
for an ORCID identifier.

The Military Technical Courier publishes articles in Serbian, Russian or English,
using Arial and a font size of 11pt with Single Spacing.

The procedures of article preparation, writing and editing should be in accordance
with  the Publication ethics statement (http://www.vtg.mod.gov.rs/publication-ethics-
statement.html).

The article should contain the abstract with keywords, introduction, body,
conclusion and references (without heading and subheading enumeration). The article
length should not exceed 24 pages of A4 paper format.

The article should be formatted following the instructions in the Article Form which
can be downloaded from website page Article form.
Title

The title should be informative. It is in both Journal’'s and author’s best interest to
use terms suitable for indexing and word search. If there are no such terms in the title, the
author is strongly advised to add a subtitle. The title should be given in English as well.

The titles precede the abstract and the summary in an appropriate language.

Letterhead title

The letterhead title is given at a top of each page for easier identification of article
copies in an electronic form in particular. It contains the author’'s surname and first name
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initial (for multiple authors add “et al”), article title, journal title and collation (year, volume,
issue, first and last page). The journal and article titles can be given in a shortened form.

Author’s name

Full name(s) of author(s) should be used. It is advisable to give the middle initial.
Names are given in their original form (with diacritic signs if in Serbian).

Author’s affiliation

The full official name and seat of the author’s affiliation is given, possibly with the
name of the institution where the research was carried out. For organizations with
complex structures, give the whole hierarchy (for example, University of Defence in
Belgrade, Military Academy, Department for Military Electronic Systems). At least one
organization in the hierarchy must be a legal entity. When some of multiple authors have
the same affiliation, it must be clearly stated, by special signs or in other way, which
department exactly they are affiliated with. The affiliation follows the author's name. The
function and title are not given.

Contact details
The postal addresses or the e-mail addresses of the authors are given in the first page.

Type of articles

Classification of articles is a duty of the editorial staff and is of special importance.
Referees and the members of the editorial staff, or section editors, can propose a
category, but the editor-in-chief has the sole responsibility for their classification.

Journal articles are classified as follows:
Scientific articles:

— Original scientific papers (giving the previously unpublished results of the author’s
own research based on scientific methods);

— Review papers (giving an original, detailed and critical view of a research problem
or an area to which the author has made a contribution demonstrated by self-citation);

— Short communications or Preliminary communications (original scientific full
papers but shorter or of a preliminary character);

— Scientific commentaries or discussions (discussions on a particular scientific
topic, based exclusively on scientific argumentation) and opinion pieces.

Exceptionally, in particular areas, a scientific paper in the Journal can be in a form
of a monograph or a critical edition of scientific data (historical, archival, lexicographic,
bibliographic, data survey, etc.) which were unknown or hardly accessible for scientific
research.

Papers classified as scientific must have at least two positive reviews.

If the journal contains non-scientific contributions as well, the section with scientific
papers should be clearly denoted in the first part of the Journal.

Professional articles:

— Professional papers (contributions offering experience useful for improvement of
professional practice but not necessarily based on scientific methods);

— Informative contributions (editorial, commentary, etc.);
— Reviews (of a book, software, case study, scientific event, etc.)
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Language
The article can be in Serbian, Russian or English.

The grammar and style of the article should be of good quality. The systematized
text should be without abbreviations (except standard ones). All measurements must be
in Sl units. The sequence of formulae is denoted in Arabic numerals in parentheses on
the right-hand side.

Abstract and summary

An abstract is a concise informative presentation of the article content for fast and
accurate evaluation of its relevance. It contains the terms often used for indexing and
article search. A 100- to 250-word abstract has the following parts: introduction/purpose
of the research, methods, results and conclusion.

Keywords

Keywords are terms or phrases showing adequately the article content for indexing
and search purposes. They should be allocated heaving in mind widely accepted
international sources (index, dictionary or thesaurus), such as the Web of Science
keyword list for science in general. The higher their usage frequency is, the better. Up to
10 keywords immediately follow the abstract and the summary, in respective languages.

For this purpose, the ASSISTANT system uses a special tool KWASS for the
automatic extraction of key words from disciplinary thesauruses/dictionaries by choice
and the routine for their selection, i.e. acceptance or rejection by author and/or editor.

Article acceptance date

The date of the reception of the article, the dates of submitted corrections in the
manuscript (optional) and the date when the Editorial Board accepted the article for
publication are all given in a chronological order at the end of the article.

Acknowledgements

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

Article preliminary version

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

Tables and illustrations

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

Address of the Editorial Office:

Vojnotehnicki glasnik / Military Technical Courier

Veljka Lukica Kurjaka 33

11042 Belgrade, Republic of Serbia

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

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

tel.: +381 11 3603 260, +381 66 8700 123
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OBABELUTEHA CAPAOHNLIMMA N YATAOLIMMA
COOBLLUEHNA ONA ABTOPOB U YATATENEN
INFORMATION FOR CONTRIBUTORS AND READERS

MwuvHMCTapCTBO NPOCBETE, HAayKe U TEXHOSOLLKOr passoja
Penybnuke Cpbuje o6jaBuno kateropusaumjy
,BOJHOTEXHMYKOr rnacHuka” 3a 2020. rognnHy

MuHMCTapCTBO NpPOCBETE, Hayke W TEexXHONOoWKor passoja Penybnvke
Cpbuje, carnacHo ognyum us vnaHa 27. ctaB 1. Tayka 4), a no npubaBrbEHOM
MULWIBbEHY M3 ynaHa 25. ctaB 1. Tadka 5) 3akoHa O Hay4YHOUCTPaKUBAYKO]
aenatHoctn (,Cnyx6eHn rnacHuk PC” 6p. 110/05, 50/06-ucnp. n 18/10),
ytBpauno je paHa 18. 12. 2020. rogunHe kateropusauujy ,BojHOTEXHUYKOR
rnacHuka” 3a 2020. roguHy:

3a obnact OCHOBHa NCTpaXuBama:
— Ha NUCTM Yaconuca 3a MaTemaTuKy, padyHapcke Hayke U MeXaHuKy:
KaTeropuja HaumoHanHu yaconuc (M53),

3a 06nacT TEXHOMOLLKN pas3Boj:

— Ha MWCTM yYaconuca 3a EnekTPOHUKY, TenekoMyHukauuje u
WHGOPMaUNOHE TexHOomormje: Kateropmja WCTaKHYTU HaUMOHasHW
yaconuc (M52),

— Ha NIMCTU Yaconuca 3a MallMHCTBO: KaTeropuja MCTakHyTU HaLUMOHanHu
yaconuc (M52),

— Ha fMCTM Yaconuca 3a Mmartepujane Ku XeMmujcke TexHonoruje:
KaTeropuvja UCTakHyTU HaumoHanHm Yaconuc (M52).

YcBojeHe nucte gomahux vaconuca 3a 2020. roguHy Mory ce BMAETU Ha
cTpaHuum cajta Kameeaopusayuja Yacornuca
(http://www.vtg.mod.gov.rs/kategorizacija-casopisa.html).

[eTtarbHuje uHdopmaunje mory ce npoHahu M Ha cajty MuHuctapcTBa
NnpocBeTe, Hayke 1 TEXHONMOLLKOr pa3Boja Penybnnke Cpbuje.

KaTteropusaumja yaconuca msspLueHa je npema [NMpaBuUiHUKY O MOCTYNKY U
HauMHy BpegHOBaka W KBAHTUTATMBHOM WCKa3MBaky HAyYHOUCTPaKUBAYKMX
pesyntata ucTpaxuBaya, Koju je nponmcao HauumoHanHu caBeT 3a Hay4yHu U
TexHonowkn paseoj (Cnyx6eHun rmacHuk PC, 6poj 38/2008).

Y cknagy ca OBMM NPaBUHMKOM U Tabernom O BPCTU U KBaHTUMKaLUjN
MHAMBUOYANHNX Hay4YHOUCTPaXKMBadkmx pesynrtata (y cacTtaBy [lpaBunHuka),
objaBroeHn pag y BojHoTexHNYKOM rnacHuKy BpegHyje ce ca 2 6oaa (kateropuja
M51), 1,5 6oz (kaTeropuja M52) n 1 6op, (kateropuja M53).
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MuHucTepcTBO 06pa3oBaHUA, HAYKM N TEXHONOMMYECKOro
pa3sutna Pecnybnnkn Cepbus yTBepamnno kateropmsaumto
XypHana «BoeHHo-TexHn4ecknn BecTHuK» 3a 2020 rog

MuHuctepctBom 06pa3oBaHunsl, HaykM WM TEXHOMOrMYECKOro pasBuTUst
Pecnybnunkn Cepbusi cormacHo pelleHutio no cT. 27 absay 1, nyHKT 4 1 no
Nony4YeHHOMY TorMkoBaHutoo CcT. 25 ab3au 1 nyHkT 5 3akoHa O HayyHo-
nccrniegoBatensckon pedarenbHoctTn («Cnyx6eHn rnacHuk PC» Ne 110/05,
50/06-ucnp. n 18/10) ytBepxxaeHa 18 aekabps 2020 r. kaTeropusauums XypHana
«BoeHHOo-TexHu4ecknn BectHuk» 3a 2020 roa;

KaTeropmu B 06n1act OCHOBHbIX UCCIEA0BaHNIA:
— O6nactb MmaTemaTtuka, KOMMNbHOTEPHble HayKu, TEeXHUYEecKMe HayKu:
HauMoHanbHbIN XXypHan (MS3).

Kateropuu B 06nacti TeXHONOrMYeCcKoro pasBuTums:

— O6nactb 3NEKTPOHWKWU, TEeNnekoMMyHMKaumMn un UHEGOPMALMOHHBLIX
TEXHOSNOMMI: BbICOKOKAY€CTBEHHbIN HAUMOHanbHbIN XypHan (M52),

— O6nactb MexaHVKKU: BbICOKOKaYeCTBEHHbIN HauWOHarbHbIN XypHan
(M52),

— O6nactb MaTtepuanos n XUMUYECKOM TEXHONormu:
BbICOKOKaYeCTBEHHbIN HaUMOHanbHbIN XXypHan (M52).

C uHdopmaumen o kateropudauumn 3a 2020 roq MOXHO 03HAKOMUTLCS Ha
CTpaHuue Kamezopu3ayusi eecmHuka
(http://www.vtg.mod.gov.rs/kategorizacia-vestnika.html).

Bonee nogpobHO € uWH(oOpMauuern MOXHO O3HAKOMUTBCA Ha cante
MuHucTepcTBa 06pa3oBaHuUs, Haykm 1 TEXHONOTMYECKOro passntusa Pecnybnuku
Cepbus.

KaTteropusaumsa >xypHana npoBegeHa B COOTBETCTBUM C PernameHTOM O
nopsiike M meTodax KaTeropvsaumu Hay4YHO-MCCrefoBaTeNbCKUX Pe3yrnbTaToB,
yTBEpPXAEHHOro HaunoHanbHbIM KOMWTETOM MO Hayke W TeXHOMOornsm
(Cnyx6enn racHuk PC, Ne 38/2008).

B cooTtBeTCTBUM C BbllleykazaHHbIMKW MONOXeHusaMn PernameHta un
Tabnuuen no knaccudukauMum u KaTeropusaumMum WHAMBMAYaNbHbIX Hay4HO-
nccnefoBaTenbCkMX  pe3ynbTaToB  (SBNSAKOWMXCA HEOTbEMIIEMOW  YacTbio
PernamenTa), pabota, onybnvkoBaHHas B XypHane «BoeHHO-TexHMYeckun
BECTHUK», OLEHMBaeTCs cnegyoowmm obpasom: 2 6anna (kateropuss M51), 1,5
6annos (kateropus M52) n 1 6ann (kateropus M53).

290




Ministry of Education, Science and Technological
Development of the Republic of Serbia classified
the Military Technical Courier for the year 2020

Pursuant to the decision given in Article 27, paragraph 1, point 4, and in
accordance with the acquired opinion given in Article 25, paragraph 1, point 5 of
the Act on Scientific and Research Activities (Official Gazette of the Republic of
Serbia, No 110/05, 50/06-cor and 18/10), the Ministry of Education, Science and
Technological Development of the Republic of Serbia classified the Military
Technical Courier for the year 2020, on December 18, 2020

in the field Fundamental Research:

— on the list of periodicals for mathematics, computer sciences and
mechanics:
category: national journal (M53),

in the field Technological Development:

— on the list of periodicals for electronics, telecommunications and IT,
category: quality national journal (M52),

— on the list of periodicals for mechanical engineering, category: quality
national journal (M52),

— on the list of periodicals for materials and chemical technology,
category: quality national journal (M52).

The approved lists of national periodicals for the year 2020 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.
The periodical is categorized in compliance with the Regulations on the
procedure and method of evaluation and quantitative formulation of scientific
and research results of researchers, stipulated by the National Council for
Scientific and Technological Development (Official Gazette of RS, No 38/2008).

In accordance with the Regulations and the table about types and
quantification of individual scientific and research results (as a part of the
Regulations), a paper published in the Military Technical Courier scores 2 (two)
points (category M51), 1.5 (one and a half) point (category M52) and 1 (one)
point (category M53).
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Hophe b. amei&;‘;ﬂ(;g;?g T Chttps:iforeid.org/0000-  ([Ehttps://publons.com/a/3574
Bapanuh 0003-2836-7958 650
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3aLTHUTa XKMBOTHE
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Bakpau EKOMOLLKUX pusuka, 0003-0211-3765 282
eKoMeHaLMeHT
Bojucnas J. onLiTe MaLLUHCKe https://orcid.org/0000- nhttps://publons.com/am643
BatnHuh KOHCTpYKUuje 0001-6786-7846 029
MOCII0BHM
[Oparana NHpopMaLoHn . .
Bevejckit- CMCTEMM, NOCHOBHA hté%%gogg;déoggg)goo- Bhttps://publons.com/a/1623
Byjaknuja  [uHTenureHuuja, ERP, IT . : 502
MeHalLMeHT
Lapko 1. | BULCKPUTEPMIYMCKO | nins:/jorcid.org/0000-  [Elnttps://publons.com/alt524
Boxauh ORTIyINBaLLS, 0002-9657-0889 010
MeHaLIMEHT Yy oA6paHm
avrntanHa obpaga
Crnvike, ArutanHa
BoGaH M. obpana curana u https://orcid.org/0000-  |Elttps://publons.com/a/1603
Boruymuh | . eSHE PVIMEHS, 0002-8850-9842 131
CjeavtaBame Crvka,
npoLeHa kBanuTeTta
CnuKe ¥ BUZeo curHana
reofeTcko
NHXEHEePCTBO,
reomaTuka, reorpadcku
NHOPMAaLIMOHM
Mupko A, | “eTEMM AEHTEIHM | Chitps:iforcid.org/0000-  |Elhttps://publons.com/al 1613
Bopucos Moaen Tepena, 0002-7234-6372 254
KapTorpaduja,
reogeswja,
MynTTUMeaujanHa
kapTorpacduja, Beb
kapTorpaduja
onepaw,. UCTpaxnBama,
MacoBHO
Yrroewa C. Tgng:gﬁrﬁ_;“:;é_ https://orcid.org/0000- nhttps://publons.com/aﬁ 596
Byrapuh p ! 0003-2459-2656 666
ofpxaBame,
TPaHCNOPTHU

1 cKnagunwHun cuctemmn
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Wwme, cpeame

O6nacTt KoMneTeHuuje

Ccroeo u (nayuHor ORCID iD Bpublons identifier
npesvme MHTEpecoBaHa)
Ba3ayLHu caobpaha;j,
CcUCTEMCKa KOHTpona;
Cnaswuwa W. aﬁ;%“;?;ﬁ';?;gg;ﬁﬁgé; https://orcid.org/0000- nhttps://publons.com/am604
Bnauuh ’ 0001-9336-0512 062
MOpHapuykn 6opGeHn n
HaBUraLMOHN cucTeMM;
cumynauumja
npuMer-eHa MexaHuka,
Rparorby6 A. Cg;ij;:gﬁ%’;agm https://orcid.org/0000- |[Ehttps://publons.com/a/1627
Byjuh 0001-6999-6828 346

CUCTemMun ogp>xxaBama
TEeXHUYKKUX cuctema

NHpopMaLMOHN
Vsan B. Byruh cuctemu, reorpadcku https://orcid.org/0000- nhttps://publons.com/aﬂ606
' NHpopMaLoHH 0002-5161-5422 268
cucTeMu
reorpadwmija,
reorpadcku . . )
Tby6ommp J MHEOPMALOHH https://orcid.org/0000-0002- Ellhttps://publons.com/a/1418
lvrosumh 8388-3624 283
CuCTeM, reonpocTopHa
aHanusa
Mwupo J. FEOMHApOPMATHKE https://orcid.org/0000- ﬁhttps://publons.com/a” 539
[oBegapuua 0003-1698-0800 597

[opan O. Ouknh

CMCTEMU ayTOMaTCKOr
ynpasrbaka, npahewe
unrbeBsa, cuctemm
Bofewa 1 ynpasrbara

https://orcid.org/0000-
0002-0858-1415

nhttps://publons.com/aﬂ 634
756

pakeTa
eHepreTcka
ecukacHocT .
CHesxana M. : https://orcid.org/0000-  [[lhttps://publons.com/a/1604
Oparvhesuh | MaUMHCTBO, conapha 0002-6244-0111 121
eHepruja,
TEPMOUHXEHEPUHT
Yepomup B. MOTOPUW, MOTOPHA https://orcid.org/0000- nhttps://publons.com/aﬂ627
Oy6oka BO3una 0003-2944-2278 827
npouecu u meToae y
caobpahajy u
BobaH [. TpaHCnopTy, https://orcid.org/0000- nhttps://publons.com/am633
‘hoposuh TpaHCcnopTHE Mpexe, 0001-8133-2389 020
opraHusauuja
TpaHcnopTa
Briano 1. | MPMMETSie MEKAMHIA | Otips:forcid.orgi0000- - |Ilhttps://publons.com/al1622
hypkosuh 0002-5064-4117 194

nedopmabunHor tena

OejaH P. NHRuh

TakTuka ABX cnyxb6e,
opyXje 3a MacoBHO
YHULUTaBaHe,
Tepopu3am opyxjem 3a
MacoBHO YHULUTaBake,
HYKIeapH! 1 XeMmjcKu
yaecu

https://orcid.org/0000-
0001-9111-0472

nhttps://publons.com/aﬂ 616
130
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CIoBO U
npesume

O6nacTt KoMneTeHuuje
(Hay4Hor
MHTEpecoBaHa)

ORCID iD

EJpublons identifier

Oamwup .

Jepkosuh

Haopyxare, HyMepun4Ka|
aHanusa, CFD
cumMmynaumja, cnoseHa
Ganuctuka, 6anuctuka,
6anucTvka Ha umrby,
MHTerpauuja
Haopyxama

https://orcid.org/0000-
0001-5182-7057

ﬁhttps://publons.com/a” 500
127

Bopwwa XK.
JoBaHoBuh

nHdopmaLmoHe
TexHonoruje,
copTBEPCKO
VNHXEeHepPCTBO,
6e3benHoCT
payvyHapckux cuctema,
padyHapcKke mpexe

https://orcid.org/0000-
0002-9353-724X

nhttps://publons.com/a/3851
268

Mutap T.
JouaHosuh

Tpubornoruja n Teopuja
nogmMasusarba,
oapxaBare
TEXHOIMOLLKMX cucTema,
XVAPAYNUYKN CUCTEMM

https://orcid.org/0000-
0003-1088-5028

nhttps://publons.com/aﬂ 596
778

PaposaH M.
Kapkanuh

XeMujcke TexHonoruje
(HykneapHoO-xemujcko-
6uonoLuka 3awTuTa,
netekuuja,
naeHTudukaumja n
AeKoHTammHaumja)

https://orcid.org/0000-
0002-8074-7264

nhttps://publons.com/aﬂ 602
667

Bnagumup A.
KaTtunh

eHepreTcka
eneKTPOHUKa,
eneKkTpuyHe MalluHe,
€1eKTPOMOTOPHM
MOroHM, KBanuTeT
eneKkTpuyHe eHepruje,
0BHOBIBUBY U3BOPU
erneKkTpuyHe eHepruje

https://orcid.org/0000-
0002-0138-8807

Bhttps://publons.com/a/1318
533

MeXaHuka d)nym,qa,
HymMepuyka AuHamMuka

https://orcid.org/0000-

nhttps://publons.com/aﬂ 627

Mwpko C. Koauh dnyvaa, 0002-7287-0780 334
aepoavHamunyka
ontepehewa
MHpopMaLoHe
KomneH I. TexHonoruje, https://orcid.org/0000- nhttps://publons.com/aﬂ610
Jlanosuh nporpamupatse, 0002-4590-2185 913
3awTuTa nogaTaka
Mapwija 3. eneKTpoTexHvKa, https://orcid.org/0000- nhttps://pubIons.com/a/3269
ManHap TenekoMyHukauuje 0003-1416-8253 205
BojaH 4. MUKpOTanacHa TexHuka, https://orcid.org/0000- ﬂhttps://publons.com/a”604
MwunaHosuh aHTeHe 0003-0683-4500 390
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ORCID iD

EJpublons identifier

3opaH b.
MurbkoBuh

TexHornornja MaluMHcke
obpage,
poboTuka, BeLuTauka
MHTenureHuwja,
ayTOHOMHU CUCTEMM U
MAaLLWHCKO y4ekse,
BeLUTa4yke HeypoHcke
MpeXe, UHTENUIEHTHN
TEXHOJIOLLKN CUCTEMU U
npouecu, metoae
oanyynBara

https://orcid.org/0000-
0001-9706-6134

nhttps://publons.com/am 410
489

Hagwnua C.
MurbkoBuh

6rnomeanumHcka
obpaga curHana, e-
3apaBrbe,
eneKTpoTexHuKa,
BromMeanLMHCKN
VHXEHEPUHT,
enekTpodusmonorvja

https://orcid.org/0000-
0002-3933-6076

nhttps://publons.com/am 628
814

CphaH T.
Mwutposuh

MOGUNHM poboTu,
yrpaerbake y peanHom
BpeMeHy, asm noruka,

dasun ynpasrbame,
MUKPOTPOLIECOPCKM
cucTeMMU, ynpaBrbake
cucteMmma
(ayTomartuka),
anropuTMu Hasurauuje

BO3una, 6popacku

6opbeHn n
HaBWrauuoHy cuctemm

https://orcid.org/0000-
0002-1287-2792

nhttps://publons.com/aﬂ 467
408

Hejan M.
MwuukoBuh

KOHCTpYKLMja Knacu4Hor
Haopyxaka,
ayTomaTcka opyxja,
YHyTpallha GanucTuka

Oparax 1.
MnapgeHoBuh

MHpopMaLmoHa
6e3benHocT, cajbep
6e3bepnHocT, cajbep

cykobu, cajbep

paToBame,
nHdopmaLmoHe
TexHonoruje,
MehyHapoaHo npaso,
HOBe TexHornoruje

https://orcid.org/0000-
0003-4530-633X

Bhttps://publons.com/a/1604
465

Cnagko P.
Myxpaeka

MOTOpHa Bo3una,
6opbeHa Bo3una

https://orcid.org/0000-
0002-6189-9473

nhttps://publons.com/aﬁ 599
773

BobaH 3.
MNasnosuh

TelleKOMyHUKalunoHe
Mpexe, KBanuteTt
cepsuca,
TeNneKkoOMyHUKaunoHu

caobpahaj

https://orcid.org/0000-
0002-5476-7894

nhttps://publons.com/aﬂ 606
407
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O6nacTt KoMneTeHuuje

Ccroeo u (nayuHor ORCID iD Erublons identifier
npesvme MHTEpecoBaHa)
caobpahajHo
OparaH C. MNHXXEHEPCTBO, https://orcid.org/0000- nhttps://publons.com/a/3169
Mamy4yap onepaunoHa 0001-8522-1942 556
UCTpaxuBama
Cperen P. MALLIMHCTBO https://orcid.org/0000- [ Ellhttps://publons.com/a/1620
Mepuh 0002-7270-5187 400
Mwupocnas B. https://orcid.org/0000- nhttps://publons.com/am558
Monoeuh payHapcka Textuka 0002-1118-6491 230
Jyrocnas P. | MyHWUMja, MEHALIMEHT, https://orcid.org/0000- ﬂhttps://publons.com/aﬂ611
Pagynosuh KBanuTeT 0002-4003-7209 389
ogpxaBahe, TEXHUYKa
noapLuka, UHTerpmucaHu
Bnapa C. HaBUraLmjckn CUCTEMN, https://orcid.org/0000- nhttps:/lpublons.com/aﬂ559
Coxkonosuh GPS, GNSS, 0003-0782-0506 198
caTenuTCKM CUCTEMM,
norucTuka
Haem Canem MaTeMaTiKa https://orcid.org/0000- |[Elhttps://publons.com/a/1716

0002-1485-6163

462

YKersko P.
CrteBuh

BULLEKPUTEPUjYMCKO
oanyynBare,
noructuka, fuzzy
noruka, naHad
cHabaeBama, Teopuja
rpybux ckynosa,
TpaHcnopT, caobpahaj,
OLPXMBO
VHXeHepCTBO,
ynpaBrbake 0TnagoMm,
SERVQUAL mogen

https://orcid.org/0000-
0003-4452-5768

nhttps://publons.com/aﬂ 499
829

JTby6uwa K.
TaHunh

YHyTpalLltba 6anucTuka,
Haopyxare

https://orcid.org/0000-
0003-1242-9333

nhttps://publons.com/aﬂ 623
091

MBaH A. ToT

6a3e nogaTaka,
NHOPMAaLIMOHN
cuctemu, 3awTurta
MHOPMaLMOHUX
cuctema

https://orcid.org/0000-
0002-5862-9042

nhttps://publons.com/aﬂ 558
155

O6pan T.
Yabapkana

MHOYCTpUjcKa CBOjUHA,
3awTtnTa
WHTeneKTyanHe un
WHOYCTPUjCKe CBOjUHE,
naTeHTHa 3awTuTa,
yrnpaerbare
npojektuma,
MaLLUHCTBO,
Haopyxawe, NPojekT
MeHafKMeHT

https://orcid.org/0000-
0002-3949-8227

nhttps://publons.com/aﬁ 600
393
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Hapa M. dusmka https://orcid.org/0000-  |https://publons.com/a/1601
YuTakosuh 0003-2813-2323 584
ynpaBrbake

Tomucnas b.
Lllekapa

npowecumMa ca
KOHLIEHTPUCaHUM 1
pacnopefeHum
napameTpuma;
onTUMarnHm
MNHOYCTPUjCKU
perynaTtopu;
paKLUMOHN 3aKOHU
ynpaerbatba ca
NpUMeHoOM y
VHAYCTPUjU;
KapakTepu3sauuja
npoweca; ageksaTHa
AvickpeTusaumja n
obpapa curHana;
CEH30pU 1 aKTyaTopw;
KOMneH3auuja n
ywteaa enekTpuyHe
eHepruje y
ANCTPUBYTUBHUM
eneKkTpoeHepreTCkum
cucTteMmma

https://orcid.org/0000-
0001-8031-3135

nhttps://publons.com/aﬁ 596
795

lopaH IM.
Wnmuh

NHOPMAaLIMOHM
cuctemm,
paJvyHapcTBO,
nporpamupame, 6ase
nogaTtaka, BeLuTayka
MHTenureHuwmja

https://orcid.org/0000-
0002-7563-699X

nhttps://publons.com/aﬁ 600
386
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®Ho Y nol ORCID iD e ublons identifier
Mapko 1. O https://orcid.org/0000- |Elhttps://publons.com/a/1597
AHgpeny 0002-6753-9786 995
| ynpasnenvie nomorwion | RSORS00 ﬂhttps://pubé%r;s.com/am604
Dxopaxe b. TO”:;J?:;? arlgté%cgfsm u| https:/iorcid.org/0000- Bnttps://publons.com/a/3574
Bapanuy ’ 0003-2836-7958 650
KOMBUMHaTopuKa
oxpaHa okpyxatoLLei
CawaT. akon?;ﬂ':éfmf(e;;ims https://orcid.org/0000- |Elhttps://publons.com/a/1597
Bakpau P 0003-0211-3765 282
3Konornyeckui
MEHEKMEHT
Bowcnas Y. obuuume https://orcid.org/0000- ﬂhtt s://publons.com/a/1643
Baruuny | MAHVHOCTPOUTEIIEHBIE 0001-6786-7846 2
KOHCTPYKLUK
6usHec-
(parana 1’;‘1";;‘;21?,”6”;’;“;’5 https://orcid.org/0000- |Ellhttps://publons.com/a/1623
B ERP 0002-9615-3620 502
ySIKInS aHanuTuka, ,
ynpasnexue T
NpuUHsiTUE
Dapko U. MHOIOKpUTEPUanbHbIX https://orcid.org/0000- nhttps://publons.com/
BoxaHuy peLueHuin, ynpasneHue B 0002-9657-0889 a/1524010
obnacTtv 060poHbI
undppoBasi obpaboTka
n3o06paxeHui,
06paboTka LmdpoBoro
BobaH . curHana u ero https://orcid.org/0000- nhttps://publons.com/am603
BoHmxkynuy NPUINOXEHNs!, OLIeHKa 0002-8850-9842 131
KayecTBa N306paxeHNs 1
BWAEO, CIUsIHWE
n3o6paxeHnn
reofesunyeckas
WHXXeHepus, reomMaTtuka,
reovHOopMaLMOHHbIE
MupKo A. CJSTZﬁ;"ML;‘g?Hp&BTﬂe https://orcid.org/0000- | Elhttps://publons.com/a/1613
Bopucos A ’ 0002-7234-6372 254
KapTorpacwvsi, reoaesus,
MynbTUMeaUHas
kapTorpacusi, Be6-
KapTorpagws
nccnefoBaHve
onepauui, Teopusi
MaccoBOro
Yrnewa C. obcnyxxmBaHus, https://orcid.org/0000- ﬂhttps://publons.com/am596
Byrapuy TepoTexHonorus 0003-2459-2656 666
obcnyxuBaHus,
TpaHCNopTHO-CKNaackue
CUCTEMBI
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(o7 [e]

O6nacTn Hay4YHOMN
AEATENbHOCTU

ORCID iD

ﬂPubIons identifier

Cnasuwa WU.
Bnauny

BO3JYLUHOE ABUXEHMWE,
yrnpaBneHue CMCTEMOW;
aBTOMaTMyeckoe
ynpaBreHue;
aBTOMOBUNbHAs
HaBUrauusi; Mopckue
6oeBble 1
HaBWraunoOHHbIE
cUcTeMbl;
MoZenupoBaHue

https://orcid.org/0000-
0001-9336-0512

ﬂhttps://publons.com/aﬂ 604
062

Oparonto6 A.
Byny

npuKnagHas MexaHwvka,

[ANarHocTuKa, CroXHble

CUCTEMbI TEXHUYECKOTO
obcnyxuBaHusi

https://orcid.org/0000-
0001-6999-6828

nhttps://publons.com/aﬂ 627
346

MBaH B. Bynuy

WHPOPMaLIMOHHbIE
CUCTEMB,
reorpaguyeckme
WHOPMaLMOHHbIE
cucTeMbI

https://orcid.org/0000-
0002-5161-5422

nhttps://publons.com/aﬂ 606
268

TMoBomup W.
vrosny

reorpadus,
reorpaduyeckas
MH(OPMaLMOHHast
cucTema,
reonpoCTPaHCTBEHHbIN
aHanus

https://orcid.org/0000-
0002-8388-3624

ﬂhttps://publons.com/aﬂ 418
283

Mupo I.
[oBegapuua

reomHdopmaTunka

https://orcid.org/0000-
0003-1698-0800

ﬂhttps://publons.com/aﬂ 539
597

BobaH [.
[xoposuy

TpaHCMOPTHbIE NPOLEeCChl
1 MeToapbl,
TPaHCMOPTHbIE CETH,
opraHu3auusa TpaHcnopTa

https://orcid.org/0000-
0001-8133-2389

nhttps://publons.com/aﬂ 633
020

Bnapo .
[bxypkoBuY

npuknagHas MexaHuka
TBEPAbIX 1
nedopmMmmpyembix Ten

https://orcid.org/0000-
0002-5064-4117

ﬂhttps://publons.com/aﬂ 622
194

[opaHx O.
LOunkuny

cucTeMbl
aBTOMaTUYECKOrO
ynpasneHus,
npuUenuBaHns, CUCTeEMbI
HaBedeHUs 1
TeneynpaBneHVsi paket

https://orcid.org/0000-
0002-0858-1415

nhttps://publons.com/aﬂ 634
756

CHexaHa M.
[parnyesuny

3HEeproapHeKTUBHOCTb,
MaLUVHOCTPOEHUE,
COIHEeYHas dHeprus,
TENnoTexHuKa
TEPMOUHXeHepus

https://orcid.org/0000-
0002-6244-0111

nhttps://publons.comla/ 1604
121
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(o7 [e]

O6nacTn Hay4YHOMN
AEATENbHOCTU

ORCID iD

ﬂPubIons identifier

Yepomup B.
[y6oka

asuratenu, asTomoounm

https://orcid.org/0000-
0003-2944-2278

ﬂhttps://publons.com/aﬂ 627
827

Oamup O.

EpkoBuy

BOOPYKEHWE, YACTEHHBIN
aHanus, CFD
BblYMCNMTENbHAS
rMApoAMHaMKKa,
BHELUHsIA B6annucTuka,
6annucTtuka,
TepMuHarbHas
Gannuctuka,
WHTErpvpoBaHue
BOOPYXEHUS

https://orcid.org/0000-
0001-5182-7057

nhttps://publons.com/a/'l 500
127

OesH P.
NHaxXny

TaKTuKa siaepHo-
XUMUYECKON
6uonornyeckon 3awmnThl,
OpyX1e MaccoBOro
YHUUTOXEHUS,
TEppPOpM3M C OpyX1em

https://orcid.org/0000-
0001-9111-0472

ﬂhttps://publons.com/aﬂ 616
130

Bopuwa XK.
MosaHoBUY

MHOPMaLUNOHHbIE
TexXHomorum,
nporpaMMHasi
NHXeHepus,
6e3onacHocTb
KOMMbIOTEPHBIX CUCTEM,
KOMMbIOTEPHbIE CETU

https://orcid.org/0000-
0002-9353-724X

ﬂhttps://publons.com/a/3851
268

Mwurap T.
NouaHoBuy

Tpubonorus n Teopus
CMasKku, TeXHUYecKoe
obcnyxuaHue
TEXHOMOrNYECKNX
CUCTEM, rMapaBANYecKX
cuctem

https://orcid.org/0000-
0003-1088-5028

Bnttps://publons.com/al1596
778

PapgosaH M.
Kapkanuy

XMMUYecKasi TEXHOSOMUS
(A8epHo-xMmmyeckasi-
6uonormyeckas 3awmTa,
obHapyxeHue,
naeHTUuKaLms n
AesakTuBaumsi)

https://orcid.org/0000-
0002-8074-7264

Bnttps://publons.com/a/1602
667

Bnagnmup A.
KaTtuny

cunoBas 3NeKTPOHUKa,
ANeKTpuyeckne MallmnHbl,
neKkTpunyeckne npuBoabl,
Ka4yeCcTBO
ANEeKTpo3Hepruu,
BO306HOBNSIEMbIE
WNCTOYHUKN 3HEepruun

https://orcid.org/0000-
0002-0138-8807

nhttps://publons.com/aﬂ 318
533

Mwupko C.
Koany

MeXaHWKa XUOKOCTEN,
BblUMCIIMTENbHASA
AVHaMUKa XuUaKocTen,
aspognHaMuyeckme
Harpysku

https://orcid.org/0000-
0002-7287-0780

nhttps://publons.com/aﬂ 627
334

KomneH I.
Janosuy

VH(OPMaLIMOHHbIE
TexHoMormu,
nporpamMMupoBaHve,
3alMTa AaHHbIX

https://orcid.org/0000-
0002-4590-2185

Bnttps://publons.com/a/1610
913
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O6nacTn Hay4YHOMN
AEATENbHOCTU

ORCID iD

ﬂPubIons identifier

Mapus 3.
ManHap

ANIEKTPOTEeXHUKA,
TenekoMMYyHuKaLlnn

https://orcid.org/0000-
0003-1416-8253

ﬂhttps://publons.com/a/3269
205

BosH Y.
MwunaHosuy

MUWKPOBOJIHOBAA TeXHUKaA,
AHTEHHbI

https://orcid.org/0000-
0003-0683-4500

ﬂhttps:/lpublons.com/am 604
390

3opaH [x.
MunbkoBuy

TexHonorus
npounssoAcTBa, NpoLecchl
obpaboTku,
poboToTeXHMKA,
NCKYCCTBEHHbIV
WHTENNEKT, aBTOHOMHbIE
CUCTEMbI U MALLUUHHOE
obyuyeHue,
NCKYCCTBEHHbIE
HeMpOHHbIE ceTH,
WHTEnneKTyanbHble
Npon3BOACTBEHHbIE
CUCTEMBI U MPOLIECCHI,
NPUHSATUE PELLEHWI

https://orcid.org/0000-
0001-9706-6134

ﬂhttps://publons.com/aﬁ 410
489

Hapguua C.
MwunkoBuy

obpaboTka
BromMeaNLIMHCKUX
CWrHarnoB, aneKkTpoHHoe
30paBOOXpPaHEHUE,
3NEKTPOTEXHUKA,
6uomeamumHckas
UHXEHepuUst,
anekTpodmsnonorus

https://orcid.org/0000-
0002-3933-6076

ﬂhttps://publons.com/aﬂ 628
814

CpmxaH T.
MutpoBuy

MOBWbHbIE POBOTHI,
ynpaerneHue B peasnsHoM
BPEMEHM, HeYeTKast
nioruka, HeyeTkoe
ynpaenexue,
MUKPOMPOLIECCOPHbIE
CUCTEMbI, yNpaBneHue
cucTeMamm aBToMaThkm,
anropvTMbl HaBUraLmm
TpaHcnopTa,
HaBUraLMOHHbIE CUCTEMbI
ans cyaos 1 60eBoro
TpaHcnopTa

https://orcid.org/0000-
0002-1287-2792

ﬂhttps://publons.com/am 467
408

LOesH M.
MwuukoBuY

KOHCTPYKLWSI
Knaccu4eckoro
KOHBEHLMOHAMNBLHOIO
BOOPYXEHWS,
aBTOMaTMYeCKOE OpyXue,
BHYTPEHHsist Gannmctuka

OparaH, [.
MnageHoBuny

MHOPMaLMOHHast
6e3onacHocCTb,
knbepbesonacHoCTb,
Knbep-KoH KT,
Knbep-BonHa,
MHOPMaLMOHHbIE
TEXHOIormu,

MeXayHapoaHoe npaso

https://orcid.org/0000-
0003-4530-633X

ﬂhttps://publons.com/aﬂ 604
465
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O6nacTn Hay4YHOMN

@®no AesTeNbHOCTH ORCID iD Epublons identifier
TpaHCMOPTHbIE CPeAcTBa, . . . )
Cnasko P. | e TPAHCMOPTHBIE https://orcid.org/0000 ﬂhttps.//publons.com/am 599
Myxneka 0002-6189-9473 773
cpeacTea
TeNeKOMMYHVKaLVOHHbIEe
ceTu, Ka4yecTBo . . )
BobaH 3. 0BCIyKUBAHUS, https://orcid.org/0000- ﬂhttps.//publons.com/am 606
Maenosuy . 0002-5476-7894 407
TENeKOMMYHMWKALMOHHBIN
Tpaduk
TpaHcrnopTHas
OparaH C. NHXeHepus, https://orcid.org/0000- nhttps://publons.com/a/3169
Mamyyap onepaTtuBHble 0001-8522-1942 556
uccnenoBaHus
CpeteH P. https://orcid.org/0000- ﬂhttps://publons.com/am 620
Mepuy MaLLMHOCTPOEHNE 0002-7270-5187 400
Mwupocnas B. KOMMNblOTepHas https://orcid.org/0000- nhttps://publons.com/aﬂ 558
Monosuy NHXeHepus 0002-1118-6491 230
KOrocnas P. 6oenpunacsl, https://orcid.org/0000- nhttps://publons.com/am611
Pagynosuy | MEHEOXXMEHT, Ka4ecTBO 0002-4003-7209 389
https://orcid.org/0000-  |[Elhttps://publons.com/a/1716
Haem Canem mMatemaTuka 0002-1485-6163 462
TexHu4yeckoe
obcnyxuBaHue,
TEeXHUYecKas noaaepxka,
Bnapa C. MHTErpMpoBaHHble https://orcid.org/0000- nhttps://publons.com/aﬂ559
Cokonosuy HaBWraunoHHbIE 0003-0782-0506 198
cuctembl, GPS, GNSS,
CMYTHUKOBbIE CUCTEMBI,
norucTuka
NpUHATHE
MHOroKpuTepuanbHbIX
peLueHunii (mcdm),
TIOTUCTUKA, HEYETKUI
Habop, Lenoyka
XKenko P.  |noctaBok, rpybbiii Habop, https://orcid.org/0000- nhttps://publons.com/am499
CreBund TpaHcnopT, 0003-4452-5768 829
NpoeKkTupoBaHne
OBWXEHUS!, yCToN4YnBOE
NpPOEKTUPOBaHME,
ynpaBneHue oTxogamu,
moaens SERVQUAL
Tobuwa K.  [BHYTpeHHss bannucTuka, https://orcid.org/0000- ﬂhttps://publons.com/aﬂ 623
TaHumy BOOPYXeHne 0003-1242-9333 091
6a3sbl faHHbIX,
MHOPMaLMOHHbIE . . )
NeaH A. ToT CUCTEMbI, 3aluTa https://orcid.org/0000- nhttps.//publons.com/aﬂ 558
0002-5862-9042 155
MHAOPMaLMOHHbIX
cucTeM
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O6nacTn Hay4YHOMN
AEATENbHOCTU

ORCID iD

ﬂPubIons identifier

O6pan T.
Yabapkana

NPOMBILLIIEHHAS
COBCTBEHHOCTD, 3awmTa
WHTENneKTyansHomn n
NPOMBbILLUIIEHHOMN
cobCTBEHHOCTY,
naTeHTHas 3aluTa,
yrpaBneHue NpoekTamu,
MaLUVHOCTPOEHUE,
BOOpPYXEHUE,
ynpaBreHne npoekTamm

https://orcid.org/0000-
0002-3949-8227

ﬂhttps://publons.com/aﬁ 600

393

Hapa M.
YuTakoBuy

usnka

https://orcid.org/0000-
0003-2813-2323

Blnttps://publons.com/a/1601

584

Tomucnas b.
LLlekapa

ynpaBneHve
npoteccamu
KOHLIEHTPMPOBaHHbIX
1 pacnpefeneHHbIX
napameTpoB,
onTuUmarbHble
NPOMBILLIIEHHbIE
perynsitopsi,
(PpaKUMOHHbIE MeToabl
yrnpaBneHus B
NPOMbILLIIEHHOM
cekTope,
Xapaktepusauus
npoLieCCoB,
COOTBETCTBYHOLLANA
avckpeTusaums n
obpaboTka curHanos,
CEHCopbI
N aKTyaTopsbl,
KOMneHcauus
n cbepexeHue
3MeKTPO3Heprum B
pacnpenenuTenbHbIX
3NEKTPO3HEPreTUYECKMX
cucTemax

https://orcid.org/0000-
0001-8031-3135

ﬂhttps://publons.com/aﬂ 596

795

lopaH IM.
Wnmny

MHOPMaLNOHHbIE
cucTembl, MHGOpMaTHKa,
nporpaMMupoBaHue,
6a3bl AaHHbIX,
NCKYCCTBEHHbIV
VHTENMeKT

https://orcid.org/0000-
0002-7563-699X

Blnttps://publons.com/a/1600

386
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Name, middle

Scientific research

initial and competence area ORCID iD Epublons identifier
surname
Marko D. o https://orcid.org/0000- .
Andrejic logistics 0002-6753-9786 nhttps.//pub;%r;s.com/am597
I L it https://orcid.org/0000- ﬂhttps://publons.com/aﬂ604
Milo$ Z. Arsi¢ logistics management 0001-7853-0819 531
Porde B. algge:gzz:&p:r!%gy, https://orcid.org/0000- ﬂhttps://publons.com/a/3574
Barali¢ 0003-2836-7958 650

combinatorics

Sasa T. Bakrac|

environmental protection,
environmental risk
assessment, eco-
management

https://orcid.org/0000-
0003-0211-3765

Blnttps://publons.com/al1597
282

Vojislav J. general mechanical https://orcid.org/0000- ﬂhttps://publons.com/aﬁ643
Batini¢ engineering constructions 0001-6786-7846 029
Dragana business information
Beégjski- systems, business https://orcid.org/0000- ﬂhttps://publons.com/am623
S intelligence, ERP, IT 0002-9615-3620 502
Vujaklija
management
digital image processing,
digital signal processin )
Boban P. dq 9 licati >SINg https://orcid.org/0000- ﬂhttps://publons.com/aﬁ603
Bondzulic and its applications, image 0002-8850-9842
ondzufic and video quality - B 131
assessment, image fusion
geodetic engineering,
geomatics, geographic
. information systems, digital .
Mirko A.  SY d https://orcid.org/0000- [Ellhttps://publons.com/a/1613
- terrain models,
Borisov 0002-7234-6372 254
cartography, geodesy,
multimedia cartography,
web mapping
Iti-criteria decisi
Darko I. multi-crieria decision https://orcid.org/0000- nhtt s://oublons.com/
. s making, ps:/ip
BoZani¢ management in defense 0002-9657-0889 a/1524010
operational research, mass
L. service, terotechnology — .
Ugljesa S. maintenance 9y https://orcid.org/0000- |Elnttps://publons.com/a/1596
Bugari¢ . ’ 0003-2459-2656 666
transportation and storage
systems
industrial property,
protection of intellectual
and industrial property, . .
Obrad T. ) . https://orcid.org/0000- ﬂhttps://publons.com/am600
Cabarkapa | Patent protection, project | 545 3949 goo7 393
management, mechanical
engineering, armaments,
project management
Nada M. physics https://orcid.org/0000- [Ellnttps://publons.com/a/1601
Citakovi¢ 0003-2813-2323 584
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Name, middle

Scientific research

initial and competence area ORCID iD Erublons identifier
surname
automatic control systems,
Goran D. Dikié target tracking, missile https://orcid.org/0000- nhttps://publons.com/am 634
guidance and control 0002-0858-1415 756
systems
energy efficiency,
Snezana M. | mechanical engineering, https://orcid.org/0000- nhttps://publons.com/aﬁ 604
Dragic¢evi¢ solar energy, thermal 0002-6244-0111 121
engineering
Cedomir V. . . https://orcid.org/0000- ﬂhttps://publons.com/aﬂ 627
Duboka engines, motor vehicles 0003-2944-2278 827
processes and methods in
Boban D. traffic and transportation, https://orcid.org/0000- ﬂhttps://publons.com/aﬂ 633
Porovié¢ transportation networks, 0001-8133-2389 020
transport organization
Vlado P. applied mechanics of rigid https://orcid.org/0000- nhttps://publons.com/aﬂ 622
Burkovi¢ and deformable bodies 0002-5064-4117 194
. . eography, geographic .
Ljubomir J. 9 infgo,.rﬁaﬁfog sygte,% https://orcid.org/0000- |Elhttps://publons.com/a/1418
igovic ) o 2-8388-3624 283
Gigovic geospatial analysis 000
Miro J: geoinformatics https://orcid.org/0000- ﬁhttps:/lpublons,com/a/'] 539
Govedarica 0003-1698-0800 597
tactic of Nuclear Chemical
Biological Defense,
weapons of mass . . )
Dejan R. Indi¢ | destruction, terrorism with hitps:/forcld.org/0000- nhttps.//publons.com/am616
0001-9111-0472 130
weapons of mass
destruction, nuclear and
chemical incidents
weapons, numerical
. analysis, CFD simulation, . . . ]
?2:%\/% lexternal ballistics, ballistics, ht(t)%soql?sr:gjz?;%?? 00- [Ehtps://publons.com/a/ 1500
terminal ballistics, weapons 127
integration
tribology and theory of
Mitar T.  |lubrication, maintenance of| ‘https://orcid.org/0000- [lnttps:/publons.com/a/1596
Jocanovié¢ technological systems, 0003-1088-5028 778
hydraulic systems
o IT, software engineering, .
Bori$a Z. - https://orcid.org/0000- ﬂhttps://publons.com/a/3851
J . |computer systems security, 0002-9353-724X
ovanovic computer networks 9903~ 268
chemical technology
nuclear-chemical- .
Radovan M. b(iological protection https://orcid.org/0000- nhttps://publons.com/am 602
Karkali¢ ’ 0002-8074-7264 667

detection, identification and
decontamination)
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power electronics, electric
Vladimir A. machtlnes, elc(ejctrtlct.power https://orcid.org/0000- ﬂhttps://publons.com/aﬂ318
Kati¢ Systems and siatons, 0002-0138-8807 533
electric power quality,
renewable energy sources
mechanics of fluids,
Mirko S. Kozié computational fluid _ https://orcid.org/0000- ﬂhttps://publons.com/am627
dynamics, aerodynamic 0002-7287-0780 334
load
Komlen G. information t_echndolct)gy, https://orcid.org/0000- nhttps://publons.com/am610
Lalovi¢ programming, daa 0002-4590-2185 913
protection
Marija Z. electrical engineering - https://orcid.org/0000- (Ellhttps://publons.com/a/3269
Malnar telecommunications 0003-1416-8253 205
Dejan M construction of classic
Mickovic'; weapons, automatic / /
weapons, internal ballistics
Bojan C. microwave engineering, | https://orcid.org/0000- |Ehttps://publons.com/a/1604
Milanovi¢ antennas 0003-0683-4500 390
biomedical signal
l\'lvzla_dica S. e",;‘ﬁﬁig:"‘fng‘fngi?:g https://orcid.org/0000- |Elnttps://publons.com/a/1628
iljkovi¢ bi : h : 0002-3933-6076 814
iomedical engineering,
electrophysiology
manufacturing technology,
machining processes,
robotics, artificial
intelligence, autonomous
Zoran B. systems and machine https:/orcid.org/0000- |Elhttps://publons.com/a/1410
Miljkovi¢ learning, artificial neural 0001-9706-6134 489
networks, intelligent
manufacturing systems and
processes, decision-
making methods
mobile robots, real time
control, fuzzy logic, fuzzy
control, microprocessing
Srdan T. systems, system control https://orcid.org/0000- ﬂhttps://publons.com/am467
Mitrovi¢ (automation), vehicle 0002-1287-2792 408
navigation algorithms,
naval combat and
navigation systems
information security,
cyber security,
Dragan D. gyf,’j{ fv‘;';{gf; https://orcid.org/0000- ﬂhttps://publons.com/am604
Mladenovi¢ . Y ' 0003-4530-633X 465
information technology,
international law,
emerging technologies
Slavko R. motor vehicles, combat https://orcid.org/0000- nhttps://publons.com/am599
Muzdeka vehicles 0002-6189-9473 773
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Name, middle

Scientific research

initial and competence area ORCID iD EJpublons identifier
surname
Dragan S. traffic engineering, https://orcid.org/0000- ﬂhttps://publons.com/a/3169
Pamucar operational research 0001-8522-1942 556
telecommunication
Boban Z. networks, quality of https://orcid.org/0000- nhttps://publons.com/aﬂ 606
Pavlovi¢  |service, telecommunication 0002-5476-7894 407

traffic

Sreten R. Peri¢

mechanical engineering

https://orcid.org/0000-

ﬂhttps://publons.com/aﬂ 620

0002-7270-5187 400
Miroslav V. : : https://orcid.org/0000- nhttps://publons.com/am 558
Popovic computer engineering 0002-1118-6491 230
Jugoslav R.  |ammunition, management, | *= https://orcid.org/0000- ﬂhttps://publons.com/a”611
Radulovié¢ quality 0002-4003-7209 389
; https:/orcid.org/0000- |Elhttps://publons.com/a/1716
Naeem Saleem mathematics 0002-1485-6163 469

Vlada S.
Sokolovi¢

maintenance, technical
support, integrated
navigation systems, GPS,
GNSS, satellite systems,
logistics

https://orcid.org/0000-
0003-0782-0506

ﬂhttps://publons.com/aﬁ 559
198

Zeljko R. Stevig

multi-criteria decision
making (mcdm), logistics,
fuzzy set, supply chain,
rough set, transport, traffic
engineering, sustainable
engineering, waste
management, SERVQUAL
model

https://orcid.org/0000-
0003-4452-5768

ﬂhttps://publons.com/aﬂ 499
829

Tomislav 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

ﬂhttps://publons.com/aﬂ 596
795

Goran P. Simi¢

Inform. systems, computer
science, programming,
databases, artificial

https://orcid.org/0000-
0002-7563-699X

ﬂhttps://publons.com/aﬂ 600
386

intelligence
Ljubisa K. | - https://orcid.org/0000- |Elhttps://publons.com/a/1623
Tandié internal ballistics, armaments 0003-1242-9333 091
databases, inform.systems,| https://orcid.org/0000- ﬂhttps://publons.com/aﬂ 558
Ivan A. Tot | : ;
information system security| 0002-5862-9042 155
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EJpublons identifier

SlaviSa I. Vlaci¢|

air traffic, system control,
automatic control, vehicle
navigation, naval combat
and navigation systems,
simulation

https://orcid.org/0000-
0001-9336-0512

nhttps://publons.com/aﬂ 604
062

applied mechanics,

Dragoljub A. | diagnostics, sofisticated https://orcid.org/0000- nhttps://publons.com/aﬂ 627
Vuji¢ systems for technical 0001-6999-6828 346
system maintenance
information systems, . . )
Ivan B. Vulié¢ | geographic information https:/iorcid.org/0000- | Elnttps://publons.com/a/ 1606

systems

0002-5161-5422

268
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N3JABA O ETUYKOM MOCTYTMNAHY
STUYECKUN KOOEKC
PUBLICATION ETHICS STATEMENT

N3JABA BOJHOTEXHUYKOI FMACHUKA O ETUMKOM NMOCTYNAKY

ObjaBrbuBarbe YnaHaka HaKkoH CTPYYHE peLieH3uje OCHOBHA je AenaTHOCT Hay4yHor
yaconuca BojHomexHu4ku enacHuk. HeonxodHo je noctuhym carnacHoCT O eTUYKUM
HayenMma y nocTynuMMa CBMX YYEeCHWKa MPWUIIMKOM O0jaBrbMBaka YnaHaka, of aytopa,
Pepnakuuje yaconvca v CTpy4HMX peLeH3eHaTa oo usgasava.

O6aBe3e Pegakuuje BojHomexHU4YKo2 aiacHUKa

YpeoHuwTBo BojHOMeXHUYKO2 ariacHuKa He Tpaxu of ayTopa nnahawe HakHage 3a
annuuupare unaHka 3a objaerbvBame. YntaB nmoctynak ypehusawa n objaBrbvBama
YnaHkKa 3a ayTope je noTnyHo 6ecnnaraH.

Pepnakunja BojHomexHuU4YKoe enacHUKa ogroBopHa je 3a AOHOLWeHe oafnyke Koju
he oA npucnenux YnaHaka 6utn ogabpaH 3a objaBrbMBarke. YpegHuk He cMe umatu
cykob nHTepeca y Be3n ca pykonucuma koje pasmaTpajy. Ako Takas cykob nHTepeca
noctoju, o u3bopy peueH3eHaTa M cyabWHM pykonuca ognydyje ypegHuWTBO.
UnaHoBu ypefuBaykor ogbopa KoA Kojux MocToju cykob uHTepeca AYXHM cy Aa ce
noByKy U3 npoueaype.

Pepakunja tpeba pa noctyna y cknagy € nonuTukoMm Ypehusadkor opbopa
BojHomexHu4K02 eriacHUKa Kao 1y CKrafy ca 3aKOHCKMM MponucrMMa Koju ce OAHOCe Ha
KNeBeTy, KpLueHwe ayTopcKvMx npasa v nnarvjate. Pedakumja Moxe ga ce KOHCynTyje ca
ynaHosuMma YpefuBaukor ogbopa unu peLieH3eHTUMa Npu AOHOLLEHY OAnyKe.

Penakuuja npoueryje cagpxaj pykonuca HesaBWCHO of pace, nona, nonHe
opujeHTaumje, penurnjcknx yBepera, eTHUYKOr Nnopekna, NonNuTUYKMX yBepera 1 gpXKaBHe
npunagHocTu ayTopa.

Y cBom pagy, npema npenopyun LleHTpa 3a eBanyauujy y obpasoBary M Hayum
(LEOH), Pepakumnja «Kopuctu enektpoHckn cuctem ypehusawa ACWUCTEHT, «koju
omoryhaea TpaHCNapeHTHOCT M jaBHOCT pafa, nogpasymesajyhn nyHy oAroBOpHOCT 3a
npuxeatarse 1 objaBrbMBar-e UnaHka.

lMpe cnawa Ha peueHsnjy Pepakuvja npoBepaBa fa nNu je cagpxaj pykonuca
nnarvjat, kopuwheweM cepBuca iThenticate (CrossRef u CrossCheck). [Mpema
cTaHgapaMmMa Koje Yaconuc npumetrbyje, nnarmparbe, OQHOCHO npeysumatne Tyfux naeja,
peyun unu apyrmx obnuka kpeaTMBHOr U3pasa U NnpedcTaBrbake kao CBOjUX, MPeACcTaBiba
rpybo kplierwe HayyHe un mspgasadke eTuke. [narmpare mMoxe Aa ykribydyje U Kpliewse
ayTOPCKMX MpaBa, LWTO je 3aKOHOM KaxkruBo. Mnarmjat obyxsaTta: 4OCNOBHO UM rOTOBO
AOCINOBHO Npey3MMame WM CMULLIBbEHO napadpasupawe (Y uurby npuKpuBaka
nnarvjata) genosa TekcToBa Apyrux aytopa 6e3 jacHor ykasuBaka Ha W3BOP WU
obenexaBarwe KonupaHux dparmeHaTa (Ha npumep, kopuwheweMm HaBOAHWKA);
Konupare cnuka unu tabena ns Tyhux pagosa 6e3 npasunHor Hasohewa n3sopa u/nnu
6e3 gos3Bone ayTopa unv Hocunaua ayTopckux npaea. Pykonucy kof Kojux nocToje jacHe
MHaMUMje Aa ce pagu o nnarujaty 6uhe aytomatckm oabujeHu.

Yaconuc npumersyje ,ABOCTPYKM CRenu MNOCTyMaK peueHsuje“ 4naHaka, Koju
nogpasymeBa [a ayTopu He 3Hajy KO Cy UM PELEeH3EHTU, HUTK Cy peLeH3eHTMMa No3HaTu

ayTopu.
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Huko n3 ypehusadke kyhe He cme da oTKpuje HujegHy MHdOopMauujy O NpUCTUrNoM
pyKOMUCY WMKOME, OCMM ayTopy, peLeH3eHTMMa, MOTeHUMjanHUM peueH3eHTUMa, ApYriM
caBeTHMUMMa ypefuBauke kyhe n nsgasady, npema notpebu.

HeobjasbeH MmaTtepujan u3 npucCTUINMX pykonuca He CMe [a Ce KopuctTu 3a
ncTpaxusadku pag ypefmeaya, ocuM ca n3puunTM NMCMEHUM 0fobperem ayTopa.

Pepnakumja ce obasesyje na he nosyhu Beh objaBrbeHn UnaHak y crnyyajy HakHagHor
oTKpuBakba criegehnx oOKonHOCTU y Be3n paga:

— nnarujapusam,

— ayTonnarvjapvsam,

— pag je Beh objaBrbeH y Apyrom 4aconucy nnu HeKkoj Apyroj nyénukauuju,

— HeTayHu nodaum o ayTopcTBy (MpucBajarwe Tyher paga, HaBohewe aytopa Koju
HUCY y4yecTBOBaNM y nucawy paga, U3oCTaBibake ayTopa Koju Cy yvecTBoBanu y
nucawy paga),

— cykob MHTepeca,

— naxupare unun dabpukosare pesynrara,

— He03BOSbEHE TEXHUYKE MHTEPBEHLM|E Ha CrMKama,

— 030USbHUWja TEXHMYKA FPeLLKa, Kao LITO je U30CTaBIbake AerioBa TEKCTa, rpeLuka
y penpoayKkuuju nnyctTpatmBHor matepujana.

CraHgapav 3a paspeluaBame cuTyauuja kaga mopa gohu go noenavera paga
AeduHncann cy of cTpaHe GubnmoTeka M Hay4HUX Tena, a UcTa npakca je ycsojeHa n of
CTpaHe 4aconuca: y eNeKTPOHCKOj Bep3ujyi M3BOPHOr 4naHka (OHOr Koju ce MnoBrayu)
ycnocTaBrba ce Be3a (HTML nuHk) ca obaBeluTerem o noBnadery. MNoByyeHn ynaHak ce
yyBa y U3BOPHOj chopmun, anu ca BoaeHUM xurom Ha PDF gokymeHTy, Ha CBakoj CTpaHuLm,
Koju ykasyje aa je unaHak nosyyeH (RETRACTED).

Onos3uBM © wucnpaBke ce nybnukyjy npema 3axteBuma LIEOH-a
(http://www.ceon.rs/pdf/postupanje_s_nelegitimnim_radovima.pdf) kao n3paBaya HaumoHanHor
uMTaTHOr MHAEKCa rae ce mMeTanogauu onosvBa W OM3BaHUX pajoBa MOpajy O3HauvTh
oprosapajyhmm ynosopetnma n meflycobHo noBesatn yHaKpCHUM NIMHKOBUMA.

Ob6aBe3e peuLeH3eHaTa

PeLieH3eHTM cy AyXHW Ja CTPyYyHO, apryMeHTOBAaHO, HENpucTpacHo W y 3adaTum
pOKOBMMa JOCTaBe YPEAHWKY OLEHY Hay4He BpedHOCTW pykonuca. PeleH3eHTy eBanympajy
pagoBe y ofHOCcy Ha yckrnaheHocT Teme paga ca npodunom yaconuca, peneBaHTHOCT
ncTpaxuBaHe obnactum u NpYMeHeHUX MeToda, OPUIMHANHOCT W HayuyHy perneBaHTHOCT
nopgataka W3HECEeHUX Y PYKOMUCY, CTUN HayyHOr u3naraka W OnpemMIbeHOCT TeKkcTa
Hay4YHUM anapaToMm.

CTpy4Hn peueH3eHT nomaxe Pepakumjn y [OOHOWeHY OAnyke, a MOCPEACTBOM
KOHTakata ca ayTtopuma npeko Pepdakunje Moxe pga nomaxe W ayTopuma Ha
noborsbLuaBaky TekcTa paga.

Ykonuko nsabpaHu peLeH3eHT cMaTpa Aa Huje AOBOSbHO kBanudyKkoBaHa Aa M3BpLUn
peLeH3ujy CTpaxuBakba y PYKOMUCY UK je Nak CpeYveH Aa 3aBpLuv U JOCTaBu peLeH3unjy
y OOrOBOPEHOM PoKy, 0 ToMme Tpeba 6naroBpemeHo aa obasectu Pegakuujy.

Csaku pykonuc npuxBaheH Ha peueH3ujy mMopa da ce TpeTupatu Kao MoBeprbvB
OOKyMeHT. He cme ce nokasusatu Tpehunm nuumMma HUTK AUCKYTOBaTU ca HMMa, OCUM Kaaa
TO ogobpu Pegakumja.

PeueH3snja Tpeba na 6yoe objektvBHa. HenpuxeaTtibmBa je nUYHa Kputuka aytopa.
PeueHseHTn Tpeba jacHo ga obpasnoxe CBOje CTaBOBE U MOTKPene nx aprymeHTuma.

PeueH3eHTn Tpeba ga naeHTMdMKyjy penesaHTHe noctojehe pagoBe Koje ayTop Huje
unTpao. CBaka MpeTXOQHO jaBHO caoniwiTeHa TBpAwa WM aprymeHT Tpeba aa Gyay
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nponpahexHn opgrosapajyhum umtatom. [yKHOCT peueH3eHTa je [a CKpeHe naxwy
YPEAHWKY Ha 3HayajHa Mmoknanakwa Wnu CrnYHOCT pykonuca ca Beh objaBrbeHuM pagom,
YKONVKO O TOME MMa fI4Ha ca3Hamba.

MHdopmaumje 1 naeje oo Kojux ce AOWNO CTPYYHOM pPeLeH3MjOM MOBEPrbUBON Cy
KapakTepa 1 He CMejy ce KOpUCTUTK 3a concTBeHe notpebe. PeueHseHTn He 6u Tpebano
Aa npumajy pykonuce Koju uX [OBOAe Yy CykoD MHTepeca Ha OCHOBY KOHKypeHuwje,
3ajegHMYKOr paga WNM  Apyrmx ogHoca € 6WUnMo  Kojum  ayTopoM, KOMMaHWjoM uWnu
WHCTUTYLMjOM NOBE3aHUM C PafoM.

O6aBe3e ayTopa

AyTOpy rapaHTyjy A4a pykonuc npeacTaBrba HUXOB OpUrMHanaH OOMpUHOC, Aa Huje
oGjaBreeH paHuje 1 ga ce He pa3matpa 3a objaBrbmBare Ha Jpyrom mecty. MictoBpemeHo
npegaBake UCTOr pyKonuca y BuLe Yaconuca npeacTaBiba Kpliewe eTUYKMX cTaHgapaa.
TakaB pyKkonuc ce MOMEHTarHO UCKIbyYyje U3 Aarber pasmartpara.

Kapa aytopu nuwy o opurMHanHOM ucTpaxuBamwy Tpeba npeunsHo Aa npuKkaxy
o6aBrbeHn pag v Aa objekTMBHO U3Noxe HeroB 3Hayaj. MNogaum Tpeba oa Gyay npeuunsHo
HaBegeHW. YnaHak Tpeba oa cagpuv 4OBOSBLHO AeTarba U pedpepeHumn aa 6u morao aa ce
penpogykyje. IlaxxHe unv HamepHoO HeTayHe TBpAH-E NPeACTaBrbajy HEETUYKO NOCTyNnake n
HenpuxeaTibLuBe Cy.

AyTopu Tpeba aoa o6e3bene HeobpaheHe nogaTke y BE3U Ca YNaHKOM U NMpyXe UX Ha
yBua Pegakumju, Kao v jaBHU npucTyn TUM nogauuma, ako je To moryhe, u ga, y cBakom
cnyJajy, 6yay cnpemMHu fa cadyBajy Te nogaTtke y pa3yMHOM poKy nocrne objaBrvBarba.

AyTopu Tpeba Aa HanuLly NoTNyHO OpUrMHanHe pagoBe, a ako Cy KOpUCTUNW pagoBe
n/vnn dopmynauuje apyrmx, oHaa 1o Tpeba ga HaBedy Ha ogroBapajyhn HauuH.

Y npuHumMny, aytopu 61 Tpebano ga objaBe pyKoOnUC KOju Ce CYLUTUHCKM BaBu UCTUM
UCTpPaXMBakeM CaMO Y jeHOM 4Yaconmucy unu npumapHoj nybnukaumju. Cnawe wctor
pykonuca y BuLle pefakumja 4aconuca y UCTO Bpeme NpeAcTaBiba HEETUYKO NoHallaHe U
HenpuxBaTIbMBO je.

O6aBes3Ho je ga ayTop HaBefe pagoBe Koje je KOpPUCTWO y MUcaky pyKonuca, Kao u
Aa unMTtupa nybnukaumje Koje cy ytuuarne Ha HeroB pag.

AyTopcTBo Tpeba aa 6yae orpaHM4eHO Ha OHEe KOjU Cy 3HayajHO JOMNpUHENu uaejw,
HEHOM 06nMKOoBakby, M3BONEHY UNN UHTEPNPETALMjK ¥ AaTOM UCTpaxuBaky. CBU Koju cy
3HauvajHO gonpuHenu pagy Tpeba ga Oynoy HaBegeHM kao KoayTopu. AKO Cy nojeauHLum
6unmM GUTHU y NOjeAMHMM acrnekTUMa UCTPaXKMBadKor MpojekTa, Tpeba MM y 3axBanHuum
ogaTtu npusHakse 3a JONPUHOC.

AyTtop Tpeba ga ce noctapa ga cBu KoayTopu Oyay HaBedeHW kao TakBW, Kao W Aa
mMefy HaBeeHMM HeMa OHUX KOjU TO He 3acnyxyjy. AyTopoBa AY>KHOCT je fa CBW KoayTopu
BMAe 1 ogobpe dmHanHy Bepauvjy paga, kao u aa ogobpe HeroBo objaBrb1Batse.

AKO Cce y UCTpaxuBary NojaBrbyjy Xemujcka jeauHsersa, NoCcTynun Unu onpema Koju cy
OnacHW Mo 34paBrbe Tbyay UK XKMBOTUHA, ayTOP TO MOpa jacHO Aa Ha3Hauu y pyKonucy.

Caku aytop Tpeba Oa HaBefe y pykonucy cBe BpCTe (DMHAHCUJCKUX U OCTanmx
3HauajHUX KOHdMKaTa MWHTepeca koju OM MormM da yTuyy Ha pesyntate unm
MHTepnpeTauujy werosor paga. Ceu n3sopu uHaHcujcke nogpluke Tpeba aa Oyay takohe
HaBeaeHuW.

Kapa ayTtop oTkpuje maTtepwujanHy rpeLuKy U HeTa4HoCT y CBOM ObjaBrbeHOM paay,
HEroBa je OY)KHOCT Aa oamax obasecTv Pepakumjy yaconuca unv nsgaeada u ga capahyje
ca Pegakumjom npv noBnayery Unvm KOpuroBaky paga.
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Pa3spelwaBare cnopHux cutyauuja

CBakv nojeavHal, unv MHCTUTYLUMja mMory y 6uno Kom TpeHyTKy Aa ypeaHuky u/mnm
ypeaHULLTBY NpujaBe ca3Haksa O KpLUEeHy eTUYKUX CTaHA4apaa v ApyrMM HenpaBuiiHOCTUMA
M OJa O ToOMe JocTaBe HeonxogHe MHdopMaumje/nokase. lNocTynak npoBepe U3HEeCeHuX
Jokasa opgujahe ce y cknagy ca cnegehum npuHumnumva: ypegHuwteo he goHeTn oanyky
0 NokpeTakby MOCTYyrKa Koju MMa 3a Lnrb NPOBEpPY U3HECEHUX HABOA4A W JoKa3a; TOKOM TOr
NnocTyrnka CBM W3HECeHW [oka3n cmatpahe ce noBepsbMBMM MaTtepujaniom u 6uhe
npefoyeHn camo OHWMM NMLMMA Koja Cy AUPEKTHO YKIbyYeHa y NocTynak; nuuyumMa 3a koja ce
CyMHba Ja Cy npekpwuna etudke crtaHgapge 6uhe gata moryhHOCT ga oaroBope Ha
onTyx6e n3HeceHe NPOTMB HMX; @Ko Ce YCTaHOBW Aa je 3ancTa A0SO A0 HENpPaBUITHOCTH,
npoueHvhe ce aa nu nx Tpeba okapaKkTepucaT ako Mawu NpekpLiaj unm rpybo KpLuexe
eTnYKMX cTangapga. CuTyauumje okapakTepucaHe kao Mawuv Mpekpllaj peluaBahe ce y
OVIPEKTHOj KOMYHMKaUmju ca nuumuMa Koja cy npekpLuaj yumHuna, 6e3 ykrbyunama Tpehux
nuua, Hhp.: obaBelLTaBakeM ayTopa/peLieH3eHaTa Aa je OO0 A0 Makser npekpLiaja Koju
je npouctekao M3 HepasymeBakba WM MOrPeELUHE MPUMEHE akaJeMCKMX CcTaHaapaa;
CcnakeM yno3opera ayTopy/peLieH3eHTY KOjU je YYMHUO MarsW NpekpLlaj. Y cnyyajy rpyoor
KpLUEHa eTUYKUX CTaHdapaa, YPeaHWULWTBO AOHOCK OANyKe O AarbuM akuujama. Mepe koje
he npepysetn mory 6utu cnegehe (M Mory ce npuMeHsMBaTU MNOjeOUHAYHO WIU
MCTOBPEMEHO): 0bjaBrbMBare CaomnLTeEHa UM YBOAHMKA Y KOM Ce Onucyje Cry4aj KpLuera
eTUYKNX CTaHOapaa; cnakwe cnyxbeHor obaBeluTera pykoBoguoLMMa unv nocrnogasumma
ayTopa/peLeH3eHTa; noenaverwe objaBrbeHor paga y cknagy ca npoueaypom OnvMcaHoMm
nop, Moenayvewe Beh o6jaBrbeHux pagosa; aytopuma he 6uTn 3abpareHo Aa TOKOM
ogpeheHor nepuopa LWwarby pafoBe Yy 4Yaconuc; Yno3HaBake PENEBaHTHUX CTPYYHUX
opraHusaumja unuM HagnexHWx opraHa ca crydajemM kako 6w Mornmu ga npepysmy
oproeapajyhe mepe. Mpunukom paspeluaBara CMOpPHUX CUTyaumja pegakuumja vaconuca
pefakumja ce pykoBOAW CMepHuuama u npenopykama Opbopa 3a eTuky y vM3gaBallTBy
(Committee on Publication Ethics — COPE): http://publicationethics.org/resourcesl/.

Oapuuakbe 04roBOpHOCTH

W3HeceHn cTaBoBM y 0GjaBrbeHUM pajioBUMa He U3paxaBajy CTaBoBe ypegHuka v
ynaHoBa pefakuuje vaconuca. AyTopu npeysvmajy npaBHy U MOpariHy OArOBOPHOCT 3a
uaeje M3HeceHe y CBOjUM pafoBumMa. M3pgasay Hehe CHOCUTM HUKakBy OQFOBOPHOCT Y
crny4ajy ucrocTasrbara GUNo KakBux 3axTeBa 3a HakHagy LiTeTe.

Peknamupame

Huje po3BorbeHo peknamupane y BojHomexHUYKOM 2r1acHUKY.
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KOOEKC NMPO®ECCUOHAIIbHON 3TUKU XXYPHATNA
«BOEHHO-TEXHUYECKWUWA BECTHUK»

Mybnukauus ctatben nocne mx NpodeccMoHanbHON peLeH3nn SBNSeTCA OCHOBHOMW
OeATEeNbHOCTLI0 HAaY4YHOro XypHana «BoeHHO-mexHuYecKkul eecmHuk». B nepsyto ovepeab
HeobX0ANMMO A0CTUYb AOTOBOPEHHOCTN 06 STUYECKMX HOPMax M MPUHLMNAX, MPUMEHSAEMbIX
KO BCEM y4yaCTHMKaM B MpoLecce BbiNycKka XXypHana, HauMHas ¢ aBTopa, PegakumoHHOM
Konneruu, NpodeccuoHasbHbIX peLleH3eHTOB A0 usgaTens.

0O6s3aHHOCTHN peaakTopoB «BOEeHHO-mexXHU4YeCcKo20 8eCmHuUKa»

Penakuus xypHana «BoeHHO-mexHU4YeCcKul 8eCMHUK» COOBOLL@eT, YTO He B3bIMAET C
aBToOpoB nnaty 3a nybnukaumio ux craten, TO eCTb, BCe [AEWCTBWSA, CBsi3aHHble C
pegakTMpoBaHWeM W pa3MelleHvem cTate B BecTHuke saBnsitotca  abconoTHO
6ecnnatHbIML.

Pepakuns « BoeHHO-mexHU4Yecko2o eecmHuka» HeceT OTBETCTBEHHOCTb 3a NpUHATUE
pelweHun o nybnukaumMnm nNpeacTaBfneHHbIX B agpec XypHana crtaten. [pyu Hanuuum
KOH(MUKTA MHTEPEeCcOB PpeAaKkTop He MNpPUHUMAaeT y4vacTus B MpoLecce pacCMOTPEHUst
pykonucu. B Takom crnyvae pelueHvne o BbIGOpe peleH3eHTa U nyGnukauuyM pykonucu
npuHuMaeT pegkonnervs. NMpy HanMuum KOHpNMKTa MHTEPECOB YreHbl peaKkonnernm He
NPUHUMALOT y4acTUs B MPOLLECCe PAaCCMOTPEHNS PYKOMMUCH.

Pepakuus obszaHa cobniogaTe nonuTvKy PepakumMoHHoW komnern «BoeHHo-
MexHUYeCcKoeo 8ecmHuKa», a TakKe MOMOXEeHUs AeWCTBYIOLWEero 3akoHo4aTenbCcTBa,
perynvpytoLme BOMPOCblI PacrpoCTPaHEHUsi 3aBEAOMO FTOXKHbIX CBEAEHWU, nopoyvalumx
YeCTb M AOCTOMHCTBO APYroro nvua unv noapbiBarowmx ero penyTtaumio 1 HecobniogeHus
aBTopckmMx npaB. Pepakums vMeeT npaBoO MPOKOHCYMNbTUMPOBATbLCS C PegakumoHHOW
KOnnermemn nnm peLeH3eHTaMm OTHOCUTENBHO MPUHATUS PELLEeHUIA O NyGMKaumm cTatbu.

Pepakuus otbupaeT 1 oLeHMBaeT MaTtepuansl He3aB1UCMMO OT Mona, Penurum, pacel,
HaLMOHanbHOCTHW, NONUTUYECKUX yoexaeHui asTopa.

Mo pekomeHpgaumam LleHTpa nopgaepxku pa3sutusa obpasoBaHusi u Hayku (LINMPOH),
penakumsi xxypHana B cBoei paboTe nonb3yeTcsi ANeKTPOHHON CUCTEMON peaakTUpOBaHWs
ASSISTANT, obecneuvBatoLleii TpaHCMApPeHTHOCTb W AOCTYMHOCTb WHOpMaumn o
TEKyLLeM COOTOSHWM PYKOMWUCK, a Takke NOoApa3ymeBaeT MOMHy OTBETCTBEHHOCTb 3a
NPUHATME peLleHns o eé nybnukauum.

Mytém ncnonb3oBauns cuctemsbl iThenticate (CrossRef n CrossCheck) pepakums go
MOMEHTa NpeACTaBNeHns CTaTbi peLeH3eHTaM NpoBepsieT eé cogepxaHne Ha nnarmat. B
COOTBETCTBMM CO CTaHgapTamu XypHana, nnarmat, TO eCTb NPUCBOEHUE YyXuX uaen,
BbICKa3bIBaHWUN Nbo Apyroi hopmbl TBOPYECKOTO BbIPaXEHUS U NPeAcTaBreHne ux Kak
CBOMX COBCTBEHHBIX NpeAcTaBnseT cobon rpyboe HapylleHue Hay4HOW N pefdakLMOHHOW
aTuku. MNnarmaT sSBNSIETCS YronoBHO HakasyeMbIM HapylleHneM aBTopckux npas. C Touku
3peHVs pedakuuy, nnarmaTtom ABnseTcs: OCNOBHOE konuposaHue paboTbl Apyroro nuua,
nmbo unTtuposaHue paboTbl Apyroro nuua 6e3 ykasaHusi ero aBTOPCTBA, CCbINKM Ha
MCTOYHUK; HEKOPPEKTHOe nepedpasmpoBaHne nponsseaeHns gpyroro nuua 6es cebirkv Ha
MCTOYHWUK; UCMOMb30BaHUE aneMeHToB paboTbl (pUCyHKoB, Tabnuu, rpadukos, AnarpaMmm)
Apyroro nuua 6e3 ykazaHusi aBTOpPCTBA, CCbINIKM HA UCTOYHWK; aBTOPbI AOMMKHbI MONYYUTb
pa3pelleHne BrnagesnbLa aBTOPCKMX MPaB Ha WCMONb3oBaHWe anemMeHToB ero pabotbl. B
cryyae BO3HWMKHOBEHUst OOOCHOBaHHOTO COMHeHUsI B TOM, 4TOo pabota sBnsiercs
nnarmaTom, pegakuus oTkasblBaeT aBTopy B nybnukaumu.

Pepakums >xypHana npoBoaMT KOHMAEHUManbHOe peueH3VpoBaHue, MpUMEeHsSs
«ABOWHON crienov metoa». ABTOPbI CTaTbU U PELIEH3EHTbI He 3HaIOT Apyr Apyra.
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HnKTO 13 paboOTHMKOB M34ATENbCKON KOMMNAHUM HE MMEET NPaBo packpbiBaTb MobbIe
CBe[ileHNs O MpeacTaBneHHON Hay4yHOW CTaTbe, 3a UCKMHYEHUEM CryYaeB, ecriv OHU Mo
Mepe NOTPeBHOCTU HyXHbl aBTOPY, PeLeH3eHTaM, BO3MOXHbIM peELeH3eHTaM 1 ApYrim
COBETHUKaM pefaKTopoB M nsgarens.

Heony6nvkoBaHHbIMU mMaTepuanamm Henb3s BOCMOSb30BaTbLCS ans
nccnegoBarenbckux pabot 6e3 cornacus aBTopa.

Pepakums obs3yetcs uckniounTs U3 Nyonukaumm NpUHATYD CTaTtblo, B cnyvae
cneayoLmMX HapyLIeHWIA:

— nnarmar,

— aBTOMNnarvar,

— NOBTOpHas Nybnvkauns B AaHHOM N OPYroM M3aHuu,

— HeBepHble AaHHble 00 aBTope (NMPUCBOEHME YyXOW paboThl, ykazaHue aBTopa He
NPUHMMAaBLLErO y4acTus B HanucaHum paboThl),

— KOHQMNUKT UHTEPECOB,

— hanbcudukaums pesynsTaToB UCCiefoBaHus,

— HenpaBuIbHO OhOPMIIEHHbBIE PUCYHKM (rpadhvkm, UNOCTPaUmm) u Tabnuubl,

— KpYMNHbIe TeXHWYeckne ownbkn B opopMneHun TekcTa, Ha-npumep, Npornyck YyacTen
TeKkcTa.

CraHpoapTbl pernameHTupyloLliMe npoueaypy CHATUS onybrvkoBaHHOW paboTbl C
nybnvkaumu, KOTOpble MNPUMEHSAET «BOEHHO-TEXHWYECKUI BECTHWMK»  npeanucaHbl
HauuoHanbHo 6ubnunotekon Cepbum (HBC) n gpyruMu Hay4dHbIMU ydpexaeHusimu. 3a
cTaTtbei (onpenenéHHom K CHATUIO) B 3MeKTPOHHOM dhopmarte 3akpennsitoT HTML ccbinky ¢
YBELOMIIEHNEM O €€ CHSITUM ¢ nybnukauun. N3bsaTas ctaTbs XpaHUTCS B MCXOOHOM BUAe,
Ho kaxgas cTpaHuua NOd dopmarta BU3NpyeTCsa nevaTbio, CBUOAETENLCTBYIOLEN O CHATUK
ctatbm ¢ nybnukaumm (RETRACTED).

OT3bIBbl M McCNpaBneHuss nNyonukywTcsa B COOTBETCTBUM C TpeboBaHusmu
LUMPOH - Cepbckoro wnHaoekca HayyHoro uutupoBaHus (CUWMHaekc/SClndex)
(http://lwww.ceon.rs/pdf/
postupanje_s_nelegitimnim_radovima.pdf), np1 3TomMm MeTagaHHble 0TO3BaHHbIX W CHATBIX C
nybnvkauumn ctaten JomkHbl ObiTb 0603HaYeHbl COOTBETCTBYHOLLMM NpeaynpexaeHuem n
coeaVHeHbl Mexay cobol ceblnkamu.

O6s3aHHOCTHN peueH3eHTOB

PeueH3eHTbl J0MmkHbI NPOdeccMoHanbHO M OOBEKTMBHO aprymMeHTMpOoBaTb CBOHO
no3vuMio U B yKasaHHbI CPOK MPEeAoCTaBUTb PEedaKToOpy OLEHKY Hay4YHOW LEeHHOCTU
pykonucy.

PeueHseHTbl, paccmaTpuBas paboTbl OLEHMBAIOT COOTBETCTBME TeMbl paboTbl C
npocunem XypHana, peneBaHTHOCTb MCCregyemMon obnactm u NpUMEHEHHbIX MEeTOAOB,
OPUMMHAMNLHOCTL U Hay4HYI0 3Ha4YMMOCTb pe3ynbTaToB, MPeACTaBfleHHbIX B PYKOMMUCH,
CTWIb Hay4YHOIO U3NOXEHWS, a TakkKe NCMOoNb30BaHWe B TEKCTE Hay4HOro annapara.

MpodheccmoHanbHbI peLeH3eHT okasbiBaeT nopdepxky Pegakuum npu npuHATAM
pelweHnn o nybnukaumu craTbel, a Takke, OKa3blBaeT COOEeNCTBME aBTopam B LENsiX
ynydlweHns kadectea wux paboTel. BsaumopenctBne peueHseHTa C  aBTopammu
OCYLLIECTBMSETCA NYTEM KOHTaKTOB C HUMK Yepes Pegakuuio.

B cnyyae ecnu peLeH3eHT cuuTaeT, YTO OH B JOCTaTO4HOMW CTerneHn He obnajaeT
KavecTBaMun, HEOBXOAMMBIMU AN OCYLLECTBIEHNS PO eCCMOHanbHON peLeH3un paboThbl,
WM He CMOXeT e€ OcCyLlecTBUTb BO Bpemsi, TO eMy Heobxogumo 06 3ToM
npovHgopmupoBaTtb Pefakumio.

TNiobas pabota, npegcraBrneHHas Ha peueH3Wo, SABMSETCS KOoHdMOeHUManeHbIM
[OKYMEHTOM U e€ Hemnb3s NokasblBaTb TPETbMM nuuam 6e3 ogobperus Pegakumm.
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PeueHsna pomkHa GasvpoBaTbcad Ha OOBEKTUBHBIX YycrnoBusix. He pgonyckaetcs
nn4yHas KpuTKKa aBTopa. PeueH3eHTbl 4omkHbI 060CHOBATL U AoKasaTb CBOM MO3MLMK MO
OTHOLLIEHUIO K CTaTbe.

PeLeH3eHTbl 0693aHbl MAEHTUUUMPOBATL peneBaHTHble CylecTBylolmMe paboThbl,
KoTopble aBTOop He uutupoBan. [lo niobomy o6wWemy CBeOeHVIO WU  apryMeHTy
npuBedeHHbIM B paboTe A0MmkHbI OblTb ykasaHbl COOTBETCTBYHOLUME UMTaThl. PeueH3eHT
0053aH 06paTUTL BHUMaHWE peaakTopy Ha 3BEeHTyarnbHble CXOACTBa paboThl C Apyrvmun
onybnukoBaHHbIMK paboTamu, B criyvae ecnu Takoe byaet obHapy»KeHo.

MHeHWe 1 BbIBOAbI O PYKOMUCK CTaTbM, K KOTOPbIM MPULLIIN PeLeH3eHTbl SIBMSeTCs
KOHMAEHUMAnNbHOM MHopMaumMen W e Henb3s BOCMONb30BaTbCA AN MMYHbIX
notpebHocTen. PeLieH3eHTaM pekoMeHayeTCs He peLieH3npoBaTb paboThbl, KOTOpPbIE MOTYT
BbI3BaTb KOMMM3WNK MHTEPECOB (KOHKYPEHTbl, COBMecTHasi paboTa, wniu WHble Opyrue
OTHOLLIEHWSI C aBTOPOM, KOMMaHWEN UMK yYpEXOEHNEM CBA3aHHBIMU C paboTomn).

0O6s3aHHOCTM aBTOpPOB

B cBoew uccnepoBatenbckoii paboTe aBTOPbI AOMKHBI NPUAEPKUBATLCA NPUHLIMIOB
YEeTKOCTM, Pa3BbopuMBOCTM, MOHATHOCTU C LENb0 OOBHEKTUBHOTO PacTONKOBaHUS 3HaYEHWs
OaHHOM paboTbl. PakTbl M MoKasaTenu OOSMKHbI ObITb YETKO ykasaHbl. Pabota gormkHa
cofgepXaTb B [JOCTaTOMHOM CTeneHn aKkToB W JdeTaner, 4tobbl OHa Mmorna
penpoayumpoBaTbCs. HenpaBunbHble UMM HETOYHbIE YTBEPKAEHMS SBMSIOTCA NMPUMEPOM
HE3TMYECKOro NOBEAEHMS U He ByayT NPUHATHI.

ABTOpPbI JOMKHLI 06ecneunT Pegakumio nepBuYHbIMKW, HEOOPaBboTaHHLIMU AaHHLIMM,
OTHOCALMMUCS K paboTe, 1 NpeacTaBUTb UX Ha paccMoTpeHne Pegakumm, n obecneunTb K
HUM OOCTYN BCEM 3auMHTEpPecOBaHHbIM MuLaM, eCrnv 3TO SABNSeTCH BO3MOXHbLIM. Takke,
aBTOpbl JOMKHbI Mocne nybnukauumM craTbl XpaHUTb B pPasyMHble CPOKM MOSyYeHHble
pesynbTaThl.

ABTOpbl [OMKHbI B CBOMX paboTax 3aHUMMaTbCsl MOMHOCTLI0  OPUrMHANbHbLIMU
Bonpocamu. B cnyyae ecnu oHu B cBoel paboTe MCNonb3oBanmu AaHHble Mnn dakTbl
Opyrux aBTopoB, TO 06 3TOM HeOOX0AMMO yKa3aTb B paboTe.

Tawke, aBTOpbl AOIMKHbI CBOM paboTbl NMyGnukoBaTb TOMBKO B OQHOM Hay4yHOM
XypHarne, wnu pasmeliatb nybnukauum Ha camte ¢ npsMbIMU ccbinikamu. [y6nukaums
OOHOM n TOW e paboTbl B HECKOMbKMX HayYHbIX >XypHamax CYMTaeTCsl HE3TUYHbIM
noBeaeHNEM U SIBNSIETCA HEAOMYCTUMON.

ABTOpbI paboT 00s3aHbl ykasaTb B CBOUX paboTax Bce MaTepuarbl, KOTOPbIMUA OHU
BOCMONb30BanMcb Npu UCCnegoBaHuM, B TOM Ynucne Bce nybnukaumm, KOTopble NOBAUANN
Ha pe3ynbTaTbl MX UCCNIEA0BAHWUIA.

ABTOPCTBO [OIMKHO ObiTb OrpaHMYeHO TOMbKO TEMW Iuuamu, KOTopble B
3HAYMTENBbHOM CTEMEeHU Yy4yacTBOBanM B MpOLECCe WCCNeaoBaHUa U MONyyYeHus
pesynbtatoB paboTbl. WmeHa, oTyecTBa, amunum Bcex nuu, YYacTBYWLIMX B
3HaUUTENbHOW CTENEeHN B MPOLECCe MCCneoBaHWs U MONyvYeHus pesynbTatoB paboThbl,
OOMkHbl  ObITb ykasaHbl B paboTe B Ka4yecTBe COaBTOPOB, M MX Heobxogumo
nobnarogapwTb 3a Co4encTBUe.

ABTOop pomkeH obecneuuTb ycrnoBus, 4TOObl MMeHa, oT4yecTBa, aMunuM BCEX
COaBTOPOB, AEWCTBUTENbHO YYaCTBYIOLLUX B MPOLIECCE UCCMNEeQoBaHNA U COOENCTBYOLLNX
Nony4YeHnIo pe3ynbTatoB, ObiNM ykasaHbl B paboTte. Tawke, 0083aHHOCTHIO aBTOpa
SIBMNSIETCS NpeoCTaBlNeHNe OKOHYaTeNbHOM Bepcun paboTbl COaBTOPaM Ha CorflacoBaHue.

B cnyyae nosiBneHus B npouecce wccrneaoBaHWs HeobXOOMMOCTWM KOHTakTa C
onacHbIMM BelllecTBamu, T.e. BeELecTBaMu, 06ragaoLmMmMm NoTeHUManbHOM OnacHOCTbLHO B
OTHOLLEHWNM YENOBEKA, XXUBOTHBIX U OKpY>KatoLLEen cpeabl, TO aBTOp 00 3TOM JOMKEH YETKO
ykasaTb B paborte.
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Kaxgbin aBTop 06513aH B paboTe yka3aTb Ha BCE BUAbl NOTEHUMANbHbIX PMHAHCOBBIX
UNU OpYrUX KOH(PIIMKTOB WMHTEPEcOB, KOTOpble MOrnM Obl MOBNUSITbL Ha pesynbTaThbl
nccnefoBaHnsa Unn ux MHTepnpeTaumto. Bece CTOYHUKM OMHAHCOBOW NOAAEPKKN OOMKHbI
ObITb YKa3aHbl B paboTe.

B cnyyae oGHapyXeHus aBTOPOM B paboTe CyLLeCTBEHHbIE OLIMBKM UK Kakue-nnbo
HETOYHOCTU, OH 00si3aH 06 3TOM He3zameasIMTeNbHO coobLwMTb Pepakumm xypHana mnu
n3patento, Takke okasaTb COAENCTBME B UX UCTIPABIEHUN.

Pa3spelueHue cnopHbIX cUTyauumn

JTo6oe nuuo, nnbo ydpexaeHve Bnpase B N06GOM MOMEHT NPeabsBUTb MPETEH3UIO
penakTopy Unu peakonnerum B CBA3W C HapyLleHWeM 3TUYECKUX CTaH4apToB M aBTOPCKMX
npae, NOAKPENMB ee JOCTOBEPHBLIMU AOKa3aTeNbCTBaAMMU.

Mo nomyyeHWn npeTeH3uu, MOAKPENSEeHHOW [oKasaTenbCTBamW, peaakLMOoHHas
KOMUCCKSA MpOBeAeT paccliefoBaHne, B COOTBETCTBMM CO CriedyloluMy NpUHUMNamu:
peakonnerns NpuUHUMaeT pelleHne O NpPOBeAEeHVWM MPOBEPKM MO MOBOAY BblABUHYTHIX
»anob 1 gokasatenbCTB O HapyLUEeHUN pedakUMOHHON 3TWKM; B NpOLiecce pacCMOTPEHUs
[oKas3aTenbCTB, BCe MaTtepuanbl CuUMTalTCs  KOHuAeHUmanbHbiIMU U OyayT
npefocTaBneHbl TOMbKO TEM NuLam, KOTopble HENOCPEeACTBEHHO NPUYACTHBI K NpoLieccy
NnpoBepKM; MOJO3peBaeMbIM  NULAM B HapylleHWM  STUYEecKMX HopMm  Byaer
npegocTaBneHa BO3MOXHOCTb OTBETUTb Ha BbIABMHYTOE MPOTUB HUX OOBUHEHME;
B CMy4ae BbISBMEHUS HapyLUeHWsl, XapakTepusyeTcs ero CTeneHb, Kak rpyboro unu
Herpyboro HapyLUeHWs 3TUYECKNX HOPM.

B cnyyae Herpyboro HapylueHus, pedakuus Hanpsimyio, 6e3 COAencTBUSA TPeTbux
nvu, obpawaetca K HapywwuTento, cregyiowm obpasoMm: nyteM  yBegoOMIeHus
aBTOpa/peLieH3eHTa O HanMuumM Herpyboro HapylueHus, Mpou3OLUEALIero BCeacTeue
HeJOMOHMMaHWsl, MO0 HEeCOOTBETCTBEHHOrO MPUMEHEHUS akageMWYecKkux CTaHOapToB;
nyTem npegynpexaeHns aBTopa/peLieH3eHTa, AoNyCTUBLLEro Herpyboe HapyLueHue.

B cnyyae rpyboro HapyLleHUsi 3TUHECKUX HOPM, pegakuusi NPUHUMaeT peLleHne o
AanbHenwnx mepax. Pegakumus Bnpase NpeanpuHATL criegytowme Mepbl (04HOBPEMEHHO,
rnooyepeaHoO UM B OTAENbHOCTU): 06HapogoBaHMe coobLleHnsl, B KOTOPOM OMMUCLIBAETCS
cryyan HapyLlleHWsi 3TUYECKUX CTaHAApTOB; oduumansHoe yBEOOMMIEHNE pyKoBOAMTENEen
unn paboTtoaartenen aBTopa/peLieH3eHTa; CHATUE onybnMKOBaHHOM cTaTby ¢ nNybnvkaumu,
B COOTBETCTBUW C NPean1caHnsiMu; aBTOpbl-HapyLLMTENW onpeaeneHHbI Nepuoa BpemeHu
He OyaoyT ponyckaTeCs K nNybnukauMu B KypHamne; YyBeOOMMEHWe peneBaHTHbIX
npoceccroHanbHbIX OpraHM3aumii 1 COOTBETCTBYIOLLMX YYPEXOAEHUIA O cryyae, B Lensx
NpUBMNEYEHNs HAPYLUMTENS K OTBETCTBEHHOCTW.

Mpn paspelLeHnn CnopHbIX CUTyaLMn peaakums xypHana cobniogaeT npeanucaHus
N nHCTpyKuum PykosoactBa KomuTeTra no aTuke HaydHbix nybnukaumi (Committee on
Publication Ethics — COPE): http://publicationethics.org/resources/.

OTKa3 OT OTBETCTBEHHOCTH

BbiHeceHHble no3vuum B onybrnvkoBaHHbIX paboTax He obsi3aTenbHO OTpaxaroT
TOYKY 3pPEHUS PeaKONerum xypHana. ABTOpbl HECYT MOSHYHO OPUONYECKYHO Y MOParibHYO
OTBETCTBEHHOCTb 3a MpPEeACTaBneHHble B CBoMx pabotax uaewn. Pepakuusa He HeceT
HUKAKON OTBETCTBEHHOCTU B Crlydyae BO3HMKHOBEHUS TpeboBaHUA MO BO3MELLEHUIO
MaTepuanbHOro U1 MoparibHOro Bpeaa.

Peknama
Peknama B xypHane «BoeHHO-mexHUYeCcKuli eCMHUK» HE [OMYCKaETCS.
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PUBLICATION ETHICS STATEMENT

The publication of an article in this peer reviewed journal is an essential model for the
scientific journal Military Technical Courier. It is necessary to agree upon standards of
expected ethical behavior for all parties involved in the act of publishing: the author, the
journal editor, the peer reviewer and the publisher.

Duties of the Military Technical Courier editor

There are no APCs (author processing charges) or submission charges for the
articles submitted to the Military Technical Courier. The whole process of article editing and
publishing is entirely free of charge for authors.

The editor of the Military Technical Courier is responsible for deciding which of the
articles submitted to the journal should be published. The Editor must hold no conflict of
interest with regard to the articles he/she considers for publication. If an Editor feels that
there is likely to be a perception of a conflict of interest in relation to their handling of a
submission, the selection of reviewers and all decisions on the paper shall be made by the
Editorial Board. If any member of the Editorial Board feels that there is likely to be a
perception of a conflict of interest in relation to their handling of a submission, they shall
withdraw from the editorial process.

The editor should be guided by the policies of the journal's editorial board and
constrained by such legal requirements as shall then be in force regarding libel, copyright
infringement and plagiarism. The editor may confer with the members of the editorial board
or reviewers in making this decision.

The editor should evaluate manuscripts for their intellectual content without regard to
race, gender, sexual orientation, religious belief, ethnic origin, citizenship, or political
philosophy of the authors.

Following the recommendations of the CEON Centre for Evaluation in Education and
Science (CEON/CEES), the editor applies the electronic editing system ASSISTANT which
enables transparency and public access to work and accepts a full responsibility for the
acceptance and publishing of articles.

Before sending articles for peer reviews, the editor checks the content of the
submitted manuscripts for plagiarism using the iThenticate service (CrossRef and
CrossCheck). According to the standards applied by the journal, plagiarism, where
someone assumes another's ideas, words, or other creative expression as one's own, is a
clear violation of scientific ethics. Plagiarism may also involve a violation of copyright law,
punishable by legal action. Plagiarism includes the following: word for word, or almost word
for word copying, or purposely paraphrasing portions of another author's work without
clearly indicating the source or marking the copied fragment (for example, using quotation
marks); copying equations, figures or tables from someone else's paper without properly
citing the source and/or without permission from the original author or the copyright holder.
Any manuscript which shows obvious signs of plagiarism will be automatically rejected.

Journal applies a ,double blind peer review process” for papers. Authors and
reviewers are anonymous to each other in the process of review.

The editor and any editorial staff must not disclose any information about a submitted
manuscript to anyone other than the corresponding author, reviewers, potential reviewers,
other editorial advisers, and the publisher, as appropriate.

Unpublished materials disclosed in a submitted manuscript must not be used in an
editor's own research without the express written consent of the author.
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The Editorial Office has pledged to remove an already published article in case of the
following, subsequently discovered facts regarding the article in question:

— plagiarism,

— self-plagiarism,

— article already published in some other journal or publication,

— inaccurate data on authorship (fake claim of authorship, listing authors who did not
participate in the article's creation or omitting authors who did participate),

— conflict of interests,

— fraudulent use of data or fabrication of results,

— unauthorised technical interventions on figures,

— substantial technical error such as omitting parts of the text or an error in
reproducing illustrations.

Standards for dealing with retractions have been developed by a number of library
and scholarly bodies, and this practice has been adopted for article retraction by our journal:
in the electronic version of the retraction note, a link is made to the original article. In the
electronic version of the original article, a link is made to the retraction note where it is
clearly stated that the article has been retracted. The original article is retained unchanged,
save for a watermark on the PDF indicating on each page that it is “RETRACTED”.

Retractions and corrections are published according to the requirements set up by
CEON/CEES (http://www.ceon.rs/pdf/postupanje_s_nelegitimnim_radovima.pdf) as the
publisher of national citation index, where metadata of retractions and retracted papers
have to be marked by appropriate warnings and cross-links.

Duties of reviewers

Reviewers are required to provide written, competent and unbiased feedback in a
timely manner on the scholarly merits and the scientific value of the manuscript.

The reviewers assess manuscript for the compliance with the profile of the journal, the
relevance of the investigated topic and applied methods, the originality and scientific
relevance of information presented in the manuscript, the presentation style and scholarly
apparatus.

A peer reviewer assists the editor in making editorial decisions and through the
editorial communications with the author may also assist the author in improving the paper.

Any selected referee who feels unqualified to review the research reported in a
manuscript or knows that its prompt review will be impossible should notify the editor and
excuse himself from the review process.

Any manuscripts received for review must be treated as confidential documents. They
must not be shown to or discussed with others except as authorized by the editor.

Reviews should be conducted objectively. Personal criticism of the author is
inappropriate. Referees should express their views clearly with supporting arguments.

Reviewers should identify relevant published work that has not been cited by the
authors. Any statement that an observation, derivation, or argument had been previously
reported should be accompanied by the relevant citation. A reviewer should also 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.

Unpublished materials disclosed in a submitted manuscript must not be used in a
reviewer's own research without the express written consent of the author. Privileged
information or ideas obtained through peer review must be kept confidential and not used
for personal advantage. Reviewers should not consider manuscripts in which they have
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conflicts of interest resulting from competitive, collaborative, or other relationships or
connections with any of the authors, companies, or institutions connected to the papers.

Duties of authors

Authors warrant that their manuscript is their original work, that it has not been
published before and is not under consideration for publication elsewhere. Parallel
submission of the same paper to another journal constitutes a misconduct and eliminates
the manuscript from consideration by the journal.

The reviewers assess manuscript for the compliance with the profile of the journal, the
relevance of the investigated topic and applied methods, the originality and scientific
relevance of information presented in the manuscript, the presentation style and scholarly
apparatus.

Authors of reports of original research should present an accurate account of the work
performed as well as an objective discussion of its significance. Underlying data should be
represented accurately in the paper. A paper should contain sufficient detail and references
to permit others to replicate the work. Fraudulent or knowingly inaccurate statements
constitute unethical behavior and are unacceptable.

Authors may be asked to provide the raw data in connection with a paper for editorial
review, and should be prepared to provide public access to such data if practicable, and
should in any event be prepared to retain such data for a reasonable time after publication.

The authors should ensure that they have written entirely original works, and if the
authors have used the work and/or words of others, that this has been appropriately cited or
quoted.

An author should not in general publish manuscripts describing essentially the same
research in more than one journal or primary publication. Submitting the same manuscript
to more than one journal concurrently constitutes unethical publishing behavior and is
unacceptable.

Proper acknowledgment of the work of others must always be given. Authors should
cite publications that have been influential in determining the nature of the reported work.

Authorship should be limited to those who have made a significant contribution to the
conception, design, execution, or interpretation of the reported study. All those who have
made significant contributions should be listed as co-authors. Where there are others who
have participated in certain substantive aspects of the research project, they should be
acknowledged or listed as contributors.

The corresponding author should ensure that all appropriate co-authors and no
inappropriate co-authors are included on the paper, and that all co-authors have seen and
approved the final version of the paper and have agreed to its submission for publication.

If the work involves chemicals, procedures or equipment that have any unusual
hazards inherent in their use, the author must clearly identify these in the manuscript.

All authors should disclose in their manuscript any financial or other substantive
conflict of interest that might be construed to influence the results or interpretation of their
manuscript. All sources of financial support for the project should be disclosed.

When an author discovers a significant error or inaccuracy in his/her own published
work, it is the author's obligation to promptly notify the journal editor or publisher
and cooperate with the editor to retract or correct the paper.

319

IZJAVA O ETICKOM POSTUPANJU / 3TUMECKNN KOOEKC / PUBLICATION ETHICS STATEMENT, pp.309-320



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2021, Vol. 69, Issue 1

Procedures for dealing with unethical behaviour

Anyone may inform the editors and/or Editorial Staff at any time of suspected
unethical behaviour or any type of misconduct by giving the necessary information/evidence
to start an investigation. The investigation shall conform to the following principles: the
Editorial Staff will initiate an investigation; during an investigation, any evidence should be
treated as strictly confidential and only made available to those strictly involved in
investigating; the accused will always be given the chance to respond to any charges made
against them; if it is judged at the end of the investigation that misconduct has occurred,
then it will be classified as either minor or serious/major. Minor misconduct will be dealt
directly with those involved without involving any other parties, e.g.: communicating to
authors/reviewers whenever a minor issue involving misunderstanding or misapplication of
academic standards has occurred, or a warning letter to an author or reviewer regarding
fairly minor misconduct. In case of major misconduct, the Editorial Staff should make
decisions regarding the course of action to be taken using the evidence available. The
possible outcomes are as follows (these can be used separately or jointly): publication of a
formal announcement or editorial describing the misconduct; informing the author's (or
reviewer's) head of department or employer of any misconduct by means of a formal letter,
the formal, announced retraction of publications from the journal in accordance with the
Retraction Policy (see below); a ban on submissions from an individual for a defined period;
referring a case to a professional organization or legal authority for further investigation and
action. When dealing with unethical behaviour, the Editorial Staff will rely on the guidelines
and recommendations provided by the Committee on Publication Ethics (COPE):
http://publicationethics.org/resources/.)

Disclaimer

The views expressed in the published works do not express the views of the Editors
and Editorial Staff. The authors take legal and moral responsibility for the ideas expressed
in the articles. Publisher shall have no liability in the event of issuance of any claims for
damages. The Publisher will not be held legally responsible should there be any claims for
compensation.

Advertising

Advertising in the Military Technical Courier is not permitted.
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IN MEMORIAM

IN MEMORIAM
Mp Hebojwa KyjyHumh 1976 — 2020.

Haw konera Heb6ojwa KyjyHuuh, maructap [gusajHa, JMKOBHO-
rpacpunykn ypegHuk ,BOjHOTEXHMYKOr rracHuka”, nsaHeHaga je NpeMmnHyo
25. HoBemOpa 2020. roguHe y beorpagy. Bect cmo npumunu ¢
HeBepuLOM, jep je TUX faHa u3BpLIaBao M CBOj MNocrefrwu pagHu
3ajaTaKk — NIMKOBHO-rpadumyko ypehewe 1 npunpemy 3a wtamny HOBOT
Opoja Haluer yaconuca.

HoeroBom cmphy MuHucTapctBo oabpaHe m3rybuno je jeaHor of
N3y3eTHMUX N TaneHTOBaHMX CTpy4Yhaka M3 obnactm NMKOBHO-rpachmykor
Ou3ajHa, y Bpeme HeroBe Hajpehe cTBapanadke M yMeTHUYKe cHare u
aomerta.

PoheH je 4. centembpa 1976. roguHe y beorpaay. Y cB0joj pagHOj
Kapujepu npewao je BeoMa ycnewaH nyT. Ha cnyx6y y MuHuncrapcteso
oabpaHe, roe je NpoBeo CBOj pagHM BEK HA pagHMM MeCcTUMa fIMKOBHO-
rpadouykor ypegHuka, ctynuo je centemb6pa 2004. roguHe.
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Hebojwa je 6uo 4yosek nocseheH nocny. CBojy rby6aB npema
CTPyUM W Xerby 3a CTanHMM ycaBpluaBakeM [0oKa3ao je npefaHum u
HagJaxHyTUM pagoMm, Kao W 3aBpLUETKOM Maructapckmx cTyavja u
on6paHom maructapckor paga 2003. roanHe Ha PakynTeTy NPUMEHEHMX
yMeTHocTu y beorpagy.

buvo je Beagpor Agyxa, yBek crnpemaH 3a warny, 4YuMme je CcTuuao
HaKMoHoCT  cBOjux konera. [lneHMo je CBOjOM  CKpOMHOLLUNY,
MaprbusoLwhy, HecebunyHowhy 1 Jo6poToM.

Pepakumja ,BojHOTEXHMYKOr rnacHuMka” onpawTa ce Of CBor
nukoBHo-rpadmykor ypegHuka Hebojwe KyjyHuuha ca umspasuma
Hajoybrbe 3axBanHOCTM 3a [JparoueHy capagwy U ca ocehajem
HeHaJoKHaamBor rybuTka.

Hebojwa Mahewa
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