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3amecTuTens npeaceaatens PenakumoHHon konneruu, “http://orcid.ora/0000-0002-3558-4312,
— MonkoBHWK Npodbeccop A-p MuneHko AHapuy, YHuBepcuteT obopoHsl B . benrpaa, BoenHas akapemus,
http://orcid.ora/0000-0001-9038-0876.
— Kanannat Havk Cepreit A. AprvHos. 'maporpaduyeckoe obLuectso, r. CaHkT-MeTepbypr, Poccuiickas ®enepauns,
http://orcid.ora/0000-0002-5264-6634,
— Mpodeccop a-p Vcmat Ber, SkoHomu4yeckuii hakynbTeT B I. Jlaxop, wT. MNeHaxab, MakicTaH,
http://orcid.ora/0000-0002-4191-1498.
— -p CteBaH M. Bep6ep, OkneHackuii vHnBepcuTeT, [lenapTameHT 3NeKTPOHMKN 1 KOMMbIOTEPHO MHXXEHepWH,
r. OkneHa. Hoeas 3enanaus, “http://orcid.ora/0000-0002-2432-3088.
— lNMpodeccop a-p CaHs BpaHeww, MHCTUTYT «Muxanno MNynuny, r. Benrpaa. ©http://orcid.ora/0000-0002-7054-6928,
— lNMpodeccop a-p JleoHna W. MNeunxuH, Benopycckas rocvaapcTBeHHas akagemus asmaumm,
r. MuHck, Pecnv6nuka Benapvces. “http://orcid.ora/0000-0002-5358-9037.
— Mpodeccop a-p AnekcaHap B. [lopoxoB, XapbKOBCKWI HALMOHAIbHbBIN 3KOHOMUYECKNA YHUBEPCUTET,
r. XapbkoB, YkpawuHa, “http://orcid.ora/0000-0002-0737-8714.
— Mpodeccop a-p XKenbko kvpoBuy, Benrpaackuin yHuBepcuteT, ANEeKTPOTEXHNYECKUI dhakynbTeT,
http://orcid.ora/0000-0002-6076-442X.
— [0-p Hukona M. Xerapau. Cepbckas akanemus nsobpetatenei n vieHblx. r. Benrpaa. ©http://orcid.ora/0000-0002-1766-8184.
— MNpodeccop a-p Anexca 3eitak, YHnsepcuTeT B . Hosn Can, PakvibTeT TexHN4ecknx Havk, = htto://orcid.ora/0000-0001-5114-2867,
— [-pb Bvkvua M. VosaHosuy, YHusepcuteT Ona [omuHuoH, r. Hopdork. wt. Bubrunus, CLUA. ©htto://orcid.ora/0000-0002-8626-903X,
— Mpodbeccop a-p Bparko Kosadesnd, Benmanckuin yHBepcuTeT, SnekTpotexHrieckni dhakvriter, = htip:/orcid.ora/0000-0001-9334-9639,
— [0-p Cang J1. Kopuua, YHuBepcuteT «YHUOH — Hukona Tecnax, r. Benrpaa, ©http://orcid.ora/0000-0002-7915-9430,
— HavuHbin coBeTHMK O-p AHHa KoctoB, HCTUTYT ropHoro aena u metannypru, r. Bop, ©http://orcid.ora/0000-0003-1893-7187,
— [O-p Cnasonto6 C. Jlexwvy, Benmanckuin yHBepcuTeT, CenbCKoXo3sncTBeHHbIN thakynbTeT, (- http://orcid.ora/0000-0002-4834-3550.
— [I-p Bacurmin M. MaHoswy, LIeHTp ropenus, cbopa v xpaHeHus yrnepoaa, YHueepcuteT Kpandwung, r. Kpandung, Benvko6putanms,
http://orcid.ora/0000-0002-8377-7717.
— MoanonkosHYK a-p Apomup Mapec, YHrneepcuteT 060poHbI B I. BpHo, Yetlickas Pecnvbnmka., = http:/orcid.ora/0000-0002-1337-3821
— Mpodbeccop a-p Maavmvp B. MunosaHosuy, unex Cepbekoi akanemun Havk, r. Benrpan.©http://orcid.ora/0000-0002-3255-8127.
— [O-p MexnvmapTxu MNapBateecam MvpTtxu. YHuBencuteT Nvpv xacuanac BuwsaBuaoanas, nenaptaMeHT covHaaMeHTanbHON
W NDbUKNaaHon matemaTtuku. r. Bunacnvp. wt. Yxattucrapx. Mhavs. Chtto://orcid.ora/0000-0003-3745-4607.
— HavuHbiii coBeTHUK A-p Mpeapar MeTpoBuy, YNpaBnsoLwmii AMPEKTOP No BOMPOCaM UCCrefoBaTeNnbCKUX paboT
WHcTutvTa TenekoMmvHykaumi u anektooHuku «IRITEL AD» r. Benrpan. ©http://orcid.ora/0000-0002-0455-7506.
— Mpodeccop a-p Cnasko MokopHu, Konnemk MHhoPMaLUMOHHbBIX TEXHOMOTWIA, KOMMBIOTEPHOIO An3aliHa U COBPEMEHHOrO
6usHeca, r. benrpan, ©http://orcid.ora/0000-0002-3173-597X,
— lNMpodbeccop a-p CrosH PaneHosuy, benmpanckvin vHrBepcuTeT, PakyrbTeT MalLMHOCTPOeHUS, (= http://orcid.ora/0000-0001-8254-6688,
— lNMpodbeccop a-p AHapest CamyoBuy, Benmpaackuii vHBepcuTeT, PakynbTeT TpaHcnopTa, = http://orcid.ora/0000-0001-6432-2816.
— Mpodeccop a-p Hukonait N. Cuaxses, MockoBCkuii MocvaapcTBEHHbIN TexHudeckuin YrusepcuteT um. H.9. Baymana,
Mocksa, Poccuiickas Penepauus. “https://orcid.ora/0000-0002-5722-4553,
— Mpocdbeccop a-p MoHen CrapeLy. TpaHCUnbBaHCKWIA VHUBEDCUTET B I. Bpaluos, PyMbiHus, & htto:/orcid.ora/0000-0001-5947-7557,
— HavuHbIii coBeTHMK -0 Cpeviko C. Cronm, PeliHcko-BecTthanbCrii TEXHHECKI VHUBEDCUTET r. AXeH, (haKvrbTET reopeCYCOB U TEXHONOMN
Marepyarios, AenapTaMeHT METIIVDIVMECKVX TEXHONOMIA 1 0B6paboTiv meTarnios, . AxeH. PP, & http://orcid.ora/0000-0002-1752-5378,
— lMpocheccop A-p Mvpocrias TpasiHoyY, YHuBepeuTeT B I. Huww, GakynbteT MalumMHocTpoeHws, (& http:/orcid.org/0000-0002-3325-0933,
— KaHovnat TexHuueckux Havk, aoLieHT Bamvm J1. Xavikos, r. KpacHonap, Poccuiickas denepauws, http://orcid.org/0000-0003-1433-3562,
— lNMpodeccop a-p Bnaanmup . YepHos. Bnaammmpckuili rocvaanCTBEHHbIN VHUBEPCUTET,
r. Bnagumup, Poccuiickas ®enepauus, ©http://orcid.ora/0000-0003-1830-2261,
— MNoAnonkoBHWK kaHauaaT Havk Hebolwa Mavelua, peaakTop XvpHana «BoeHHO-TEXHUYECKMUIA BECTHUKY, CekpeTapb
PepakumnonHoii konneruu, ©http://orcid.org/0000-0003-3217-6513.

Agnpec pepakuum: BOJHOTEXHUYKU TMACHUK, Yn. l'eHepana Maena KOpuwwya Wrypma 1, 11040 Benrpag
http://www.vtg.mod.gov.rs
http://aseestant.ceon.rs/index.php/vtg/issue/current
http://scindeks.nb.rs/journaldetails.aspx?issn=0042-8469 @ INDEXED IN
http://elibrary.ruttitie_about.asp?id=53280 roccmicrmimaee ol [ V() /A R AD
https://doaj.org/toc/2217-4753 T 1D HAYWHOPO LMTHPOBAHKE | LA

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

Moanucka Ha nevaTHylo Bepcuio XypHana: e-mail: vojnotehnicki.glasnik@mod.gov.rs; Ten. +381 66 87 00 123

lNpucnaHHbie 8 pedakyuto XypHana cmambu He 8038Palatomcs.

JKypHan BbinyckaeTcsi exekBapTasnibHO

MepBbIit HOMep ypHana «BoeHHO-TexHUYeckuin BeCTHWK» BbinylieH 1.1.1953 roaa.

MepBas anekTpoHHasA BepCUs XypHana pa3MellieHa Ha uHTepHeT cTpanuue 1.1.2011 ropa.

«BoeHHO-TexHUYeckunii BECTHIK» BKMoYeH B cuctemy EBSCO — BcemmpHas akapgemuyeckas 6a3a AaHHbIX U CEPBUCOB.
Tunorpadus: BojHa wramnapuja — Beorpaa, Pecascka 406, e-mail: vojna.stamparija@mod.gov.rs




Publisher:
MINISTRY OF DEFENCE OF THE REPUBLIC OF SERBIA
UNIVERSITY OF DEFENCE IN BELGRADE

Rector
Major General Goran Radovanovi¢, PhD, Assistant Professor

Institute for scientific information
Director
Professor Silva Dobri¢, PhD

EDITOR IN CHIEF OF THE MILITARY TECHNICAL COURIER
Lt Col NebojSa Gacesa 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
— Maior General Boian Zrni¢, PhD, Professor, University of Defence in Belgrade, Military Academy, Belgrade
(Head of the Editorial Board), ©http://orcid.ora/0000-0002-0961-993X
— Maior General Mladen Vuruna, PhD. Professor, Ministry of Defence, Head of the Department for Defence Technologies,
Material Resources Sector, Belarade (Deputy Head of the Editorial Board). ©http://orcid.ora/0000-0002-3558-4312
— Colonel Milenko Andri¢, PhD, Professor, University of Defence in Belgrade, Military Academy,
http://orcid.ora/0000-0001-9038-0876
— Seraei A. Araunov, MSc, Hvdroaraphic society. St. Petersbura, Russian Federation. http://orcid.ora/0000-0002-5264-6634
— Professor Ismat Bea. PhD. Lahore School of Economics. Lahore. Pakistan. ©http://orcid.ora/0000-0002-4191-1498
— Stevan M. Berber. PhD. The University of Auckland. Department of Electrical and Computer Engineering,
Auckland, New Zealand, ©http://orcid.ora/0000-0002-2432-3088
— Professor Vladimir G. Chernov. DSc. Vladimir State Universitv. Department of Manaaement and Informatics in Technical
and Economic Systems, Vladimir, Russian Federation, ©&http://orcid.ora/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 Burovi¢, PhD, University in Belarade, Faculty of Electrical Engineerina, http://orcid.ora/0000-0002-6076-442X
— Professor Leonid I. Gretchihin, PhD, Belarusian State Academy of Aviation, Minsk, Republic of Belarus,
http://orcid.ora/0000-0002-5358-9037
— Vukica M. Jovanovi¢. PhD. Trine University, Allen School of Eaaineerina 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.ora/0000-0003-1433-3562,
— Assistant Professor Sania Li. Korica, PhD. Universitv Union - Nikola Tesla. Belarade, http:/orcid.ora/0000-0002-7915-9430
— Scientific Advisor Ana Kostov. PhD. Institute of Minina and Metalluray. Bor. Serbia. ©htto://orcid.ora/0000-0003-1893-7187
— Professor Branko Kovacevi¢. PhD. Universitv of Belarade, Facultv of Electrical Enaineerina, http://orcid.ora/0000-0001-9334-9639
— Associate Professor Slavoliub S. Leki¢. PhD. University of Belarade. Facultv of Aariculture. ©htto://orcid.ora/0000-0002-4834-3550
— Vasilie M. Manovi¢, PhD, Combustion and CCS Centre, Cranfield University, Cranfield, UK, ©http:/orcid.ora/0000-0002-8377-7717
— Lt Colonel Jaromir Mares, PhD, Associate Professor, University of Defence in Brno, Czech Republic,
http://orcid.ora/0000-0002-1337-3821
— Professor Gradimir V. Milovanovi¢, PhD, Member of the Serbian Academy of Sciences and Arts, Mathematical Institute of
the SASA. Belarade, ©http://orcid.ora/0000-0002-3255-8127
— Associate Professor Penumarthy Parvateesam Murthy, PhD. University Guru Ghasidas Vishwavidvalaya, Department of
Pure and Applied Mathematics. Bilaspur (Chhattisaarh). India. “http://orcid.ora/0000-0003-3745-4607.
— Scientific Advisor Predraa Petrovi¢, PhD. Executive Director for R&D and Radio Communications. Institute of
telecommunications and electronics IRITEL AD. Belarade. ©http://orcid.ora/0000-0002-0455-7506
— Professor Slavko Pokorni. PhD. Information Technoloav School. Belarade. ©http://orcid.ora/0000-0002-3173-597X
— Professor Stoian N. Radenovi¢. PhD. Universitv of Belarade. Faculty of Mechanical Enaineerina. = htto://orcid.ora/0000-0001-8254-6688.
— Professor Andreja Samcovi¢, PhD, University of Belgrade, Faculty of Transport, http://orcid.org/0000-0001-6432-2816,
— Professor Nikolay |. Sidnyaev, PhD, Bauman Moscow State Technical University, Moscow, Russian Federation,
https://orcid.ora/0000-0002-5722-4553
— Professor lonel Staretu, PhD, Transilvania University of Brasov, Romania, ©http://orcid.ora/0000-0001-5947-7557
— Scientific Advisor Srec¢ko S. Stopi¢, PhD, RWTH Aachen University, Faculty for Georesources and Materials Engineering,
IME Process Metalluray and Metal Recvclina, Aachen, Germany. ©http://orcid.ora/0000-0002-1752-5378
— Professor Miroslav Traianovi¢, PhD. University of Ni§. Faculty of Mechanical Enaineerina, > htto:/orcid.ora/0000-0002-3325-0933
— Professor Sania Vrane$. PhD. Institute "Mihailo Pupin”. Belarade. ©http://orcid.ora/0000-0002-7054-6928
— Professor Aleksa Zeiak. PhD. University of Novi Sad. Facultv of Technical Sciences. htto://orcid.ora/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 Gac¢esa, MSc, Editor of the Military Courier, (Secretary of the Editorial Board),
http://orcid.org/0000-0003-3217-6513.
Address: VOJNOTEHNICKI GLASNIK/MILITARY TECHNICAL COURIER, Gener. Pavla Jurisi¢a Sturma 1, 11040 Belgrade
http://www.vtg.mod.gov.rs/index-e.html
http://aseestant.ceon.rs/index.php/vtg/issue/current
http://scindeks.nb.rs/journaldetails.aspx?issn=0042-8469 - INDEXED IN

http://elibrary.ru/title_about.asp?id=53280 @ POCCHRAGHWA MHAELC oJel V) J |
https://doaj.org/toc/2217-4753 Serbian Gitation Index  HAYWHOrO uMTvPosahar < | J1_J) /) R AD
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
joumals, magazines and other sources. The full text of Military Technical Courier can be found on EBSCO Publishing's databases.

Printed by Vojna Stamparija — Beograd, Resavska 40b, e-mail: vojna.stamparija@mod.gov.rs



CAOPXAJ

OPUTMHANHU HAYYHU YITAHLIA

Mupjana B. Nasnosuh, CmojaH H. PadeHosuh
Beneuwka o Meir-Keeler-oBoj Teopemu y KOHTEKCTY b-MeTpU4KMX npoctopa .. 1-12
Badum J1. Xajkos

OppehuBatrse BepoBaTHONe NOroTka jeAHUM XWULEM Y 3aBUCHOCTM O
XOPWU3OHTanNHe pasgarbuHe, pasnMyuuTux BpcTa MeTa 1 nosioxaja Tavke
HULLGHDEHDA. ......ceeevetee e ee e et e e e e e e et e e e e e e e e e eaaa e e e e e e e aet b e eeeeessesbanaeseeeseeesees 13-35

Buonema H. Hukonuh, Mapmuna . l'unuh, Bojucnas B. Cnacojesuh
Kapaktepusauuja NiO HaHo4ecTuua npunpemMrbeHnx nomohy xenaTuHa
TOKOM MOCTYMKA ,JOW-COSE” CUHTEBE ..cceeiiiiiiiiiiiiie e e ciieeee e e e e e 36-52
KomneH I. JTanosuh, NeaH A. Tom, MnadeH b. Tpukow

HoBw mMeTop 3a oapehuBatbe naeHTUTETa HOBOpPOfhEeHYeTa, 3acCHOBaH Ha
OUNOMETPMU OTUCKA TMPCTA. ... eeueeeeeiueesueesaeesseesseesseesseesseessessseesessessssnsesssssssssesns 53-67

HejaH P. ecnuh, He6ojwa J. bojosuh, Munopad J. Kunubapda,
Mapko B. KanemaHosuh

MpoueHa edhnkaCHOCTU TPaHCMOPTHUX jeAMHMLA BOjcke MeTogama
[ T N 68-92
MPEMEOHN YUNAHUN

Cphan X. Qumuh, CphaH [. Jby6ojesuh
Mogen ognyymBara npu ynpaerbakby MPEXOM LUYMCKUX MYTEBA .............. 93-115

CTPYYHWM YNAHLIN

Muxaurno P. Mpdak

KapakTtepucTuke nnasma Cnpej MPEBMIAKA .......cccuuveeereeeeeeaaiaieeieeeaaaeaeaaannes 116-130
Xamuya A. bepuwa, Onza M. 3opuh

YTuuaj BOCTUrHYTOr CTeNeHa pasBoja TenekoMyHUKauMOoHO-MHGOpMaLMOHOT

cuctema Bojcke Cpbuje Ha ogbpaHy Penybnnke Cpbuie.........cvvveeeeeeeeiinnnnn, 131-158
Hada M. HYumakosuh

PU3NYKE OCOBUHE HAHOMATEPUATA .ooeeevveeeeiiiieeeeeiieeeeeaiieeeeeanbeeeeesbeeeeeaaee 159-171

CABPEMEHO HAOPY>XAHE N BOJHA OMPEMA ......coooeiiieeeeieeeeee 172-188
HpazaH M. Byukosuh, Munow M. Jeemuh

MO3UB N YTIYTCTBO AYTOPUIMA ..ot 189-205

OBABELWTEHA CAPAOHNUNMA NWUYNTAOLUMA ... 206-208

CMMNCAK PELLEH3EHATA BOJHOTEXHWYKOI ITMACHUKA ................. 209-227

N3JABA BOJHOTEXHWNYKOI TMACHNKA O ETUYKOM MOCTYTAHY ...228-239



COOEPXAHWE
OPUMMHAIBHBIE HAYYHBIE CTATbM

MupbsiHa B. Nasnosuy, CmosiH H. PadeHosuy

3ameTka o Teopeme Meunpa-Kunepa B KOHTEKCTe b-MeTpUYECKMX
TIPOCTPAHCTB ....ettteeeteeeee sttt e et e e e e e et e et e e e e e e aasbb e e e et e e e s e s nnb e e e e e e e e e aannnrnreeeeeeas 1-12

Badum J1. Xatikos

MeToaunka oueHKM BEPOSATHOCTU NanagaHus OgMHOYHbLIM BLICTPENOM

Kak (yHKLUMSA rOpU3OHTaNbHON JanbHOCTU C YY4ETOM BUAA CTPENKOBOW

MULLEHMW M MOSIOKEHUS TOUKN MPULETTUBAHUST .....vvvvveveveveveieievnvevnievnesvnessnnnnnnns 13-35
Buonemma H. Hukonu4, Mapmu+a [. l'unudy, Boucnas B. Crnacoesuy

XapaktepucTtukm HaHovactmu NiO, NoAroTOBNEHHbIX C MOMOLLbHO

»enaTunHa rnpu NpPocToM U HeJOPOroM MeTode OB0OLLEHMS. .......................... 36-52
KomneH I. Jlanosu4, eaH A. Tom, MnadeH b. Tpukow

Hoeenwnin metoa nageHTudmrkaumnm HoOBOpPOXKAEHHOTO pebeHka,

OCHOBAHHbIN HA OTNEYATKE MATBLIA .....ceevvveeneeeeeeeeetieeeeeeeeeeeraaeeeeeseesanneeens 53-67
[esiH P. ecriuy, Hebotiwa M. Bojosuy, Munopad W. Kunubapda,
Mapko B. KanemaHosuy

OueHka 3 hEKTMBHOCTN TPAHCMOPTHBIX CPEACTB BOOPYXKEHHbIX CUI

METOAAMU DEA M SFA et e e 68-92

OB30OPHbIE CTATbIA

Cpoxar X. Jumuy, CpdxaH L. Jllnboesuy
Mogenb NpuHATUSA peLleHuid B ynpaBrneHum CeTbio NEeCHbIX JOPOr ............. 93-115

NMPOPECCUOHAIBbHBLIE CTATbU

Muxauno P. Mpdak

XapaKTepucTUKU NOKPbITUSI, HAHECEHHOTO BO34YLUHO-MMa3MeHHbIM

HAMBITTEHUEM ....iieiiiieee e e ettt et e e e e e e sttt e e e e e e e e mbebeeeeeaaeeeaannbeneeeaeeeeaaannn 116-130
Xamudxa A. bepuwa, Onza M. 3opuy

BnusHue goCTUrHyTOr0 YpoBHS pa3suTus MHAHOPMAaLMOHHON U

TenekoMMYyHVKaLMOHHOW cucTeM BoopyXeHHbIX cun

Pecny6nukn Cepbus Ha BOEHHYID OBOPOHY .......oeviuereiiiiieaieeaieaenieaeneeeenns 131-158
Hada M. HYumakosuy

PU3NYKME CBOMCTBA HAHOMATEPMATIOB .....eeeeiviieeeiiiieeeeiteeeeesnteeeessreeeeeanes 159-171

COBPEMEHHOE BOOPYXEHME N BOEHHOE OBOPYOOBAHUE ..... 172-188
LpazaH M. Byykosuy, Murnow M. Nesmuy

MPUMMALWEHNE N MHCTPYKUMW ONA ABTOPOB PABOT .................. 189-205
COOBLEHUA ONA ABTOPOB U YUTATENEMN......ooveee 206-208
CMNCOK PELIEH3EHTOB XXYPHAIA

«BOEHHO-TEXHUYECKUU BECTHUKY ... 209-227

KOOEKC NMPO®ECCUOHANBHOWM 3TUKN XKYPHATA
«BOEHHO-TEXHUYECKUA BECTHUIKY ... 228-239



CONTENTS

ORIGINAL SCIENTIFIC PAPERS

Mirjana V. Paviovié¢, Stojan N. Radenovié
A note on the Meir-Keeler theorem in the context of b-metric spaces............. 1-12

Vadim L. Khaikov

Assessment of the single shot hit probability as a function of the
horizontal range taking into account different target types and points

Violeta N. Nikoli¢, Martina D. Gili¢, Vojislav V. Spasojevi¢

Characterization of NiO nanoparticles prepared using gelatin and
A lOW-COSt SYNTESIS ... 36-52

Komlen G. Lalovic, Ivan A. Tot, Mladen B. Triko$

A novel method for determining a newborn baby’s identity based
ON FINGEIPIINES oo e e e e e e e e e 53-67

Dejan R. Despic, NebojSa J. Bojovic¢, Milorad J. Kilibarda,
Marko V. Kapetanovi¢

Assessment of efficiency of military transport units using the DEA and SFA
MELNOAS ...t 68-92

REVIEW PAPERS
Srdan H. Dimié, Srdan D. Ljubojevié¢
Decision making model in forest road network management...................... 93-115
PROFESSIONAL PAPERS
Mihailo R. Mrdak
Characteristics of plasma spray coatings .........cccooeeeeiiieiiiiee e 116-130

Hatidza A. Berisa, Olga M. Zori¢

Impact of the current level in the development of the telecommunication-
information system of the Serbian Armed Forces on the defense of

the Republic of Serbia..........cooiiiii 131-158
Nada M. Citakovi¢

Physical properties of nanomaterials ...........cccccoviiiiiiiiii e 159-171

MODERN WEAPONS AND MILITARY EQUIPMENT ........ccociiiiiiiieeee 172-188
Dragan M. Vuckovi¢, Milo§ M. Jevti¢

CALL FOR PAPERS AND INSTRUCTIONS FOR AUTHORS.................. 189-205

INFORMATION FOR CONTRIBUTORS AND READERS. .........ccccccouneee. 206-208

LIST OF REFEREES OF THE MILITARY TECHNICAL COURIER.......... 209-227

PUBLICATION ETHICS STATEMENT .....ooiiiiiiiieieee e 228-239



OPUTMHAITHU HAYYHWN YNAHLIA
OPUTMHAJIbHBIE HAYYHBIE CTATbU
ORIGINAL SCIENTIFIC PAPERS

A NOTE ON THE MEIR-KEELER
THEOREM IN THE CONTEXT OF b-
METRIC SPACES

Mirjana V. Pavlovié?, Stojan N. Radenovi¢®

@ University of Kragujevac, Faculty of Science, Department of
Mathematics and Informatics, Kragujevac, Republic of Serbia,
e-mail: mpavlovic@kg.ac.rs,

ORCID iD: ®http://orcid.org/0000-0001-6257-8666,

b King Saud University, College of Science, Mathematics Department,
Riyadh, Saudi Arabia,
e-mail: radens@beotel.rs,

ORCID iD: @https://orcid.org/0000-0001-8254-6688

DOI: 10.5937/vojtehg67-19220; https://doi.org/10.5937/vojtehg67-19220

FIELD: Mathematics (Mathematics Subject Classification: primary 47H10,
secondary 54H25)

ARTICLE TYPE: Original Scientific Paper

ARTICLE LANGUAGE: English

Abstract:

In this note we consider the famous Meir-Keeler’s theorem in the context
of b-metric spaces. Our result generalizes, improves, compliments, unifies
and enriches several known ones in the existing literature. Also, our proof
of Meir-Keeler’s theorem in the context of standard metric spaces is much
shorter and nicer than the ones in (Cirié, 2003) and (Meir & Keeler, 1969,
pp-326-329).

Keywords: b-metric space, b-complete, b-Cauchy, Meir-Keeler
conditions, Picard sequence.

Definitions, notations and preliminaries

Let (X,d) be a standard metric space and f: X — X be a self-
mapping. In the context of these spaces, the following (Meir-Keeler)
conditions are well known: For each & > 0 there exists & = 5(¢)> 0 such
that for all X,y € X holds
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e<d(x,y)<&+d implies d(fx, fy)< e (1)

or
e<d(x,y)<e+d implies d(fx, fy)< e (2)
or f is contractive and

e<d(x,y)<&+0 implies d(fx, fy)<e. (3)

One says that the mapping f defined on the standard metric space
(X,d) is contractive if d(fx, fy)<d(x,y) holds, whenever x # y .
For more details, see (Ciri¢, 2003, pp.30-33, pp.56-58).

In 1969, Meir-Keeler proved the following:

Theorem 1 (Meir & Keeler, 1969, pp.326-329, Theorem) Let (X,d)

be a complete metric space and let f be a self-mapping on X satisfying
(1). Then f has a unique fixed point, say ue X, and for each

xe X,lim_,_ f'x=u.

Inspired by the above Meir-Keeler theorem, Ciri¢ proved the
following, slightly more general result:

Theorem 2 (Cirié, 2003, Theorem 2.5) Let (X,d) be a complete
metric space and let f be a self-mapping on X satisfying (2). Then f has
a unique fixed point, say u € X , and for each x e X,lim_,_ f"x=u.

The example which follows shows that Ciri¢’s result is a proper
generalization of the famous Meir-Keeler theorem:

Example 3 Let X =[0,1]u{3n-1} U{Sn +3i} be a subset
n neN

of real numbers with the Euclidean metric and let f be a self-mapping on
X defined by
fx=0, if 0<x<1and xe{3n-1}

neN ’
. 1
fx=1, if XE{3I’]+—}
3n neN °

2o



Then one can verify that f satisfies (2) while it does not satisfy Meir-
Keeler condition (1). For all details, see (Ciri¢, 2003, p.33).

Remark 1 Both previous theorems are true if the self-mapping
f : X —> X satisfies condition (3).

Bakhtin (Bakhtin, 1989, pp.26-37) and Czerwik (Czerwik, 1993,
pp.5-11) introduced b-metric spaces (as a generalization of metric
spaces) and proved the contraction principle in this context. In the last
period, many authors have obtained fixed point results for single-valued
or set-valued functions, in the context of b-metric spaces. Now we give
the definition of a b-metric space:

Definition 1.1 (Bakhtin, 1989, pp.26-37), (Czerwik, 1993, pp.5-11)
Let X be a nonempty set and let s>1 be a given real number. The
function d : X x X — [0,0) is said to be a b-metric if, and only if, for all
X,Y,Z € X the following conditions hold:

b1) d(x,y)=0 if, and only if, X = y;
b2) d(x, y)=d(y,x);
b3) d(x,z)<s[d(x,y)+d(y,z)].

Atriplet (X,d,s >1) is called a b-metric space with the coefficient s.

It should be noted that the class of b-metric spaces is effectively
larger than that of standard metric spaces, since a b-metric is a metric
when s =1. The following example shows that, in general, a b-metric
does not necessarily need to be a metric (Chandok et al, 2017, pp.331-
345), (Dosenovic et al, 2017, pp.851-865), (Dubey et al, 2014), (Dung &
Hang, 2018, pp.298-304), (Faraji & Nourouzi, 2017, pp.77-86),
(Jovanovic¢ et al, 2010), (Jovanovié, 2016), (Kir & Kiziltunc, 2016, pp.13-
16), (Kirk & Shahzad, 2014).

Example 4 Let (X,p) be a standard metric space, and
d(x, y): (p(x, y))p, p>1 is a real number. Then d is a b-metric with
s =2P" butdis not a standard metric on X.

Otherwise, for more concepts such as b-convergence, b-
completeness, b-Cauchy and b-closed set in b-metric spaces, we refer

>
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the reader to (DoSenovi¢ et al, 2017, pp.851-865), (Dubey et al, 2014),
(Dung & Hang, 2018, pp.298-304), (Faraji & Nourouzi, 2017, pp.77-86),
(Jovanovic et al, 2010), (Jovanovi¢, 2016), (Kir & Kiziltunc, 2016, pp.13-
16), (Kirk & Shahzad, 2014), (Koleva & Zlatanov, 2016, pp.31-34), (Chifu
& Petrusel, 2017, pp.2499-2507), (Kumar et al, 2014, pp.19-22),
(Miculescu & Mihail, 2017, pp.1-11), (Paunovi¢ et al, 2017, pp.4162-
4174), (Singh et al, 2008, pp.401-416), (Sintunavarat, 2016, pp.397-416),
(Suzuki, 2017), (Zare & Arab, 2016, pp.56-67).

The following two lemmas are very significant in the theory of a fixed
point in the context of b-metric spaces.

Lemma 1.2 (Jovanovi¢ et al, 2010, p.15, Lemma 3.1) Let {a, }neNu{O}

be a sequence in a b-metric space (X ,d,s> 1) such that
d (an 1 a'n+1) S kd (an—l’ an )

for some Kk € [Olj and each n=12,... Then {a,} is a b-Cauchy
s

sequence in a b-metric space (X,d,s>1).

Lemma 1.3 (Miculescu & Mihail, 2017, pp.1-11, Lemma 2.2) Let
{a, }neNU{O} be a sequence in a b-metric space (X,d,s >1) such that

d (an ! a‘n+1) = kd (an—l’ an )
for some k €[01), and each n=1,2,... Then {a
sequence in a b-metric space (X,d,s>1).

} is a b-Cauchy

n

Remark 2 In (DoSenovi¢ et al, 2017, pp.851-865), it is proven that
the previous lemmas are equivalent.

Since in general a b-metric is not necessarily continuous, many
papers related with b-metric spaces used the following lemmas to prove
the main results.

Lemma 1.4 (Aghajani et al, 2014, pp.941-960, Lemma 2.1) Let
(X,d,s>1) be a b-metric space. Suppose that {a_} and {b, } are b-

convergent to a and b, respectively. Then

Sizd(a,b)slimm[od(a b,)<limsupd(a,,b, )< s%d(a,b).

n!*>n n!'>n
nN—oo

<>



In particular, if a=b, then we have lim__ d(an,bn) 0. Moreover,
for each c € X , we have

%d(a,c)s liminf d(a,,c)<limsupd(a,,c)< sd(a,c).

n—oo N—o0

Lemma 1.5 (Paunovi¢ et al, 2017, pp.4162-4174, Lemma 2.3) Let

(X,d,s >1)be a b-metric space and {a, } a sequence in X such that
lim . d(a,.a,,)=0.

If {an} is not b-Cauchy, then there exist £ >0 and two sequences
{m(k)} and {n(k)} of positive integers such that the following items hold:

£< Iimm];d(am(k),an(k))s Iimfggd(am(k),an(k))é &,
£slimgnfd(am 180 )<I|msupd( ,an(k)ﬂ)s(esz,
S =% k—o0
&

slimigfd( (k)1 @ )<I|msupd( ! n())gesz,

k—a0

> I|m|nfd( K)o n(k)ﬂ)<|lmsupd( (k)1 & nk)+1)

In particular, if s=1 and {an} is not a b-Cauchy sequence, then

there exists £>0 as well as two sequences {m(k)} and {n(k)} of
positive integers such that the sequences

d(am(k)’an(k))’d(am(k)'an(k)+l)’d(am(k)+1' )and d( A ()10 @ n(k)+1) (4)

tendto ¢" as k > .

Main result

Now, according to the last Lemma (the condition s=1), we
formulate and prove the following result:

Theorem 5 Let (X,d) be a complete metric space and let f be a

contractive self-mapping on X satisfying the next condition:
Given ¢ >0, there exists ¢ >0 such that for all x,y € X

e<d(x,y)<e+0oimplies d(fx, fy)<e¢. (5)

5D
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Then f has a unique fixed point, say ue X, and for each
xe X, lim_ _,_ f"x=u.

Proof. Let X, in X be arbitrary. Consider the sequence of iterates

{f”xo};fo. If d(f”xo, f“”xo):d(f”xo, ff”xo):O for some ne N, then
a, = f"x, is a fixed point of f. Assume now that d(f”xo, f”*lxo)>0 for

H-00

all neN . Since f is contractive, the sequence {d(f“xo, f””xo)}nzo is
strictly decreasing. Therefore, there exists the limit of this sequence, say
g, and d(f”xo, f”+lxo)>g for all ne N . Assume that ¢>0. In this
case, by hypothesis, there exists a suitable & =J(g)>0 such that (5)
holds. From the definition of ¢, it follows that there is n € N such that
e<d(f"%, f"x; )<+ (6)
According to (5), we get that
d(ff"x,, ff “*1x0):d€f vy, 77 )< g
a contradiction. Therefore lim,_ _d (f "X, f ””XO): 0.

+00
n=

Now we show that {f “XO} » is a Cauchy sequence. If this is not the

+00

case, by applying Lemma 1.5 to the sequence {f”xo}

_o» We get that
there exist ¢ >0 and two sequences of positive integers {m(k)} and
{n(k)} such that n(k)>m(k)>k, and sequences (4) tend to &* as
k—>o0. Using the condition (5) with X=a,4),y=2a,, and the
5 =5(g)> 0, ones obtains that there exists a positive integer | such that
for each k>1, we have

e<d (am(k),an(k)): d (fam(k)_l, fan(k)_1)< g+ dimpliesd (fam(k), fan(k))g g.

This contradicts the fact that
d(fam(k)' fan(k)): d(am(k)+l! an(k)+1)—> ¢ ask—>oo.

Hence, {f "X, }:fo is a Cauchy sequence.

The proof is further as in (Ciri¢, 2003) and (Meir & Keeler, 1969,
pp.326-329).

8D



To our knowledge, it is not known whether Meir-Keeler’s and Ciric’s
theorems hold in the context of a b-metric space. Also, there is no known
example that confirms that conditions (1) or (2) or (3) holds in the context
of b-metric spaces but that f does not have a fixed point.

However, with a stronger condition than (1), we have the positive
result. Hence, our main result is the following:

Theorem 6 Let (X,d,s >1) be a b-complete b-metric space and let

f self-mapping on X satisfy the following condition:
Given ¢ >0, there exists 6 > Osuch that

g<d(x,y)< e+ implies s*d(fx, fy)< e, (7)

where a >0 is given.

Then f has a unique fixed point, say ue X, and for each
xe X, lim_ _,_ f"x=u.

Proof. It is clear that for all X,y € X we obtain
d(fx, fy)<kd(x,y), (8)
where k = sia elo).

Let a,€ X be an arbitrary point. Define the sequence {an} by
a,,=fa forall n>0.1If a,=4a
(unique) of f and the results follows.

So, suppose that a, #a,,, for all n>0. From the condition (8), we
obtain

d(a,,a,,,)<kd(a,,a,). (9)

Further, according to (Miculescu & Mihail, 2017, pp.1-11, Lemma
2.2.) we obtain that {an} is a b-Cauchy sequence in a b-metric space

for some n, then a, is a fixed point

n+1

n+1

(X,d). By the b-completeness of (X,d), there exists U € X such that
lima, =u. (10)

Finaly, (8) and (10) imply that fu=u, i.e. uis a unique fixed point of
fin X.
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For the following facts and definitions, we refer to (Aghajani et al,
2014, pp.941-960), (Jovanovi¢, 2016) and (Kirk & Shahzad, 2014) and
the references therein.

Definition 2.1 Let f and g be self-mappings of a nonempty set X
such that f(X)cg(X). Let x,€X be an arbitrary point. Then

fx, € g(X), so we can assume that fx,=gx, =Yy, (say) for some
X, € X. Again, fx e g(X), so we can choose X, € X such that
fX, = gx, =Yy, (say). Similarly, we can construct two sequences {xn} and
{y,} such that y, = fx, = gx
called a corresponding Jungck sequence for the point X, € X .

for all n>0. Here the sequence {yn} is

n+1

Definition 2.2 Let f and g be the self-mappings of a nonempty set
X. If z= fx=gx for some Xxin X, then X is called a coincidence point of

fand g, and z is called a point of coincidence of f and g. The mappings f
and g are called weakly compatible if they commute at their coincidence
points.

Lemma 2.3 Let f and g be the weakly compatible self-maps of a
nonempty set X. If f and g have a unique point of coincidence
z = fx = gx, then z is the unique common fixed point of f and g.

Now, we announce the following result which generalizes Theorem 5
in several directions:

Theorem 7 Let (X,d,s >1) be a b-complete b-metric space and let
f,g:X = X be two self-maps such that f(X)c g(X), one of these

two subsets of X being b-complete. Suppose the following conditions
hold:
for each ¢ > 0 there exists 6 >0 such that

e <d(gx,gy)< &+ 5 implies sd(fx, fy)< ¢
and fx = fy whenever gx = gy,
where a >0 is given.

«»



Then f and g have a unique point of coincidence, say ze X.
Moreover, for each X, € X, the corresponding Jungck sequence {yn}

can be chosen such that lim, .y, =z. In addition, if f and g are weakly

compatible, then they have a unique common fixed point.
Finally, we have an open question:

Prove or disprove the following:

« Let (X,d,s>1) be a b-complete b-metric space and
f,g: X — X be two given mappings such that f(X)c g(X), one of

these two subsets of X being b-complete. Assume that the following
conditions hold:

for each &>0, there exists J=0J(s)>0 such that
ng(gx,gy)<g+5 implies d(fx,fy)<e and fx=fy, whenever
gx=gy.

Then f and g have a unique point of coincidence, say ze X .

Moreover, if f and g are weakly compatible, then they have a unique
common fixed point.
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3AMETKA O TEOPEME MEWPA-KUNNEPA B KOHTEKCTE
b-METPUYECKMX MPOCTPAHCTB

MupbsiHa B. Masnosuy?®, CmosH H. PaueHOBMq6

@ YHusepcuteT B r. Kparyesal, EcTecTBeHHO-MaTeMaTu4iecknin dakynbTeT,
r. Kparyesau, Pecny6nuka Cepbus,
YHuepcuteT kopons Cayaa, EctecTtBeHHO-MaTeMaTMyeckun pakynbTeT,
HenaptameHT matematuku, Puaa, Caynosckas Apasus

OBNACTb: matematuka (MaTtemMaTmyeckas TeMatuieckas knaccudukauus:
nepsuyHas 47H10, BTopuyHasa 54H25)

BWO CTATbW: opuruHanbHas Hay4Has ctaTbs

A3bIK CTATbW: aHrnuinckmn

Pe3some:

B danHoU pabome paccmampueaemcsi 3HameHUmMasi meopema Meupa-
Kunepa e koHmekcme b-mempudeckux rpocmpaHcms. Haw pesynsmam
obobwaem, ynydwaem, OoronHsem u ob6beduHsem paHee rosyYeHHbIe
pesyrnbmamsl, Komopble 6biiu orybruko8aHbl 8 Hay4HOU numepamype.
Hawe  dokasamernbcmeo  HaMHO20  Kopoye U Jflydwe,  4Yem
Ookasamernbcmea, rnpedcmaessieHHble 8 UHbIX pabomax (hupuh, 2003) u
(Meir & Keeler, 1969, pp.326-329).

Knouesbie crnosa: b-mempudeckoe npocmpaHcmeo,  b-rosHas
cucmema yHKUUU, b-Kowu, ycrnosusi Meupa-Kunepa,
nocriedosamernibHocmu [ukapoda.

BENEWKA O MEIR-KEELER-OBOJ TEOPEMU Y KOHTEKCTY
b-METPUYKMNX NMPOCTOPA

MupjaHa B. NMasnosuh?®, CmojaH H. PapeHosuh®

@ YHusepanTteT y Kparyjesuy, MpupoagHo-matemMaTykm dhakynTer,
Kparyjeau, Penybnuka Cpbuja,
YHusepauteT kparba Cayaa, MNpupogHo-matematuykm akynTer,
[enapTmaH matemaTuke, Pujag, Cayaumjcka Apabuja
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OBJIACT: matemaTtuka (MaTemaTnyka TeMaTcka krnacudukauuja:
npumapHa 47H10, cekyHoapHa 54H25)

BPCTA YJTAHKA: opurvMHanHm HayyYHu YnaHak

JESWNK YJTAHKA: eHrnecku

Caxemak:

Y oeom pady pasmampaHa je rnosHama Meir-Keeler-oea meopema y
KOHmMekcmy b-mempudkux npocmopa. Haw pesynmam zeHeparnusyje,
nobosrbwasa, Oaje OornpuHoc, yjedumwyje  u oboezahyje no3Hame
pesynmame y Hay4Hoj numepamypu. Takohe, Haw Ooka3 Meir-Keeler-
o8e meopeme y KOHmMeKcmy cmaHO0apOHUX Mempuykux rpocmopa je
MHO20 Kpahu u npuknadHuju Heeo y padosuma hupuha, (2003) u Meir &
Keeler-a (1969, pp.326-329).

KrbyuHe peuyu: b-mempuyku npocmop, b-komrnnemad, b-Cauchy-jes,
Meir-Keeler-osu ycnosu, Picard-o8 HU3.
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Abstract:

This article presents a method for assessing the hit probability for
stationary shooting targets as a function of the projectile horizontal range
(PHR), the target type and the point of aim (POA) location. The proposed
procedure consists of three blocks. Block | is devoted to the double
integral formula taking into account changes in the point of impact (POI)
location as a function of the PHR. The characteristics of bullet accuracy
and precision versus the PHR are determined in block Il. The basis of
blocks | and Il is the bi-variate uncorrelated Laplace-Gauss probability
distribution. The functions of the POI location (ordinate/abscissa) versus
the PHR and the functions of the characteristics of the bullet dispersion
versus the PHR are represented in the form of polynomials. The
description of the target silhouette contour is given in block Il
Mathematically, the target contour is a piecewise function which defines
the upper and lower edges of the shooting target and it also represents
the limit for the double integral formula of block I. The proposed method is
built on a modular basis and allows a user to change types of weapons
and shooting targets. For demo calculations, the accuracy and precision
characteristics of the 5.45x39 Kalashnikov assault rifle model MPi AK-74N
were selected. Five types of Swiss military targets imitating an OPFOR
combatant's silhouette were used as shooting targets. For illustrating the
operability of the proposed method, the hit probabilities for the K, H, G, F,
and E shooting targets were evaluated for the PHR from 50 to 400 m. All
computations are implemented in the PTC Mathcad v.15.

Key words: hit probability, numerical solution, shooting target, double
integrals, bullet dispersion, horizontal range, Mathcad.
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Introduction

Estimation of the hit probability is an important part of the shooting
effectiveness assessment (Rodney, 2012), (Svateev, 2013), (Svateev,
2014), (Peelen, 2017), (Wollschlager, 2017). In (Khaikov, 2018), we
show how to estimate the single shot hit probability by shooting to a fixed
target with an arbitrary contour form owing to a numerical solution of the
double integral. During the calculation process, the following parameters
are set: the position of the mean point of impact (POI) and the
characteristics of the bullet dispersion ellipse. However, during firing,
there is uncertainty about the horizontal range to the selected target; it is
also necessary to have a priori information about the change in the hit
probability for the interval from the minimum to the maximum distances.

Since the position of the dispersion center and the dispersion
characteristics are the functions of the projectile horizontal range (PHR),
the hit probability can be expressed as a function of the «target-shooter»
distance®.

The aim of this contribution is to show how to calculate the hit
probability (Pnit) as a function of the PHR with respect to different target
types and the location of the POA. As a result, we get not only one (or a
point) estimation of the Py for a single (selected) value of the horizontal
range, but also a change of this parameter within a certain distance
interval. As in (Khaikov, 2018), all calculations will be implemented in the
computer algebra system (CAS) Mathcad v.15.

In order to make the estimations original and more diverse, we will
use here Swiss military targets and the external ballistics of the 5.45%x39
Kalashnikov assault rifle model MPi AK-74N2. The information about this
firearm can be found in (NVA der DDR, 1985), (TRADOC, 1975, 2015),
(http://weaponland.ru, nd).

Creating a mathematical model

Let us assume that the attacking opposing force (OPFOR) is
represented by running or lying combatants whose silhouettes can be
replaced by plane (or 2D) shooting targets with a certain equivalent area®

1 In this article, the expressions “the target-shooter distance* and “the projectile
horizontal range* are synonymous.

2 MPi AK-74N - (in German) Mashinenpistole-Automat Kalaschnikow AK-74 fir
Nachtsichtgerat. Assault rifles MPi AK-74N were manufactured on “VEB Fahrzeug und
Waffenfabrik Ernst Thalmann®, Suhl (Thuringia).

3 As a rule, shooting targets are a set of geometric primitives: rectangles, trapezoids,

triangles, and squares.
>



(Fig. 1a). Human silhouette targets of different types are used for military
and police firearms training. More schematized targets are applied for
firearm sports competitions.

Let it be necessary to estimate the hit probability for several targets
at the distances x;, xi, and xy (Fig. 1b). All shooting targets at different
distances are the same and in Fig. 1b they are rotated for 90 degrees
counter-clockwise. The targets are rotated only for the simplicity of
visualization.

ﬁ = i Phit 1 Phit Phit

— - POl Location | POl Location Il POl Location Il
c

A
* e

) I X I Dispersion ellipse FHR,
i Xl |
| Xin

a) b)

Figure 1 — Replacement of combatant silhouettes with shooting targets (a) and
the change in the POI location and the characteristics of the dispersion ellipse as a
function of the PHR (b)

Puc. 1 — 3ameHa cunyamos kombamaHmos 8 sude cmpesikosbix MuleHel (a) u
usmeHeHue mecmoronoxeHusi CTI u xapakmepucmuk annurca pacceugaHusi 8
3asucuMocCmu om 20pU30HMarbHoU GanbHOCMU «CMPenokK - MuweHsb» (b)

Cnuka 1 — BameHa cunyema gojHuKa y obnuky mema 3a eaharse (a) u npomeHa Jiokauyuja
mayaka noeodaka (TT1) u kapakmepucmuka enurice ducrnep3auje y 3agucHocmu 00
XOpu3oHmMarnHoz pacmojarba uamehy cmpenua u meme (XPM) (6)

When firing at a shooting target, depending on the PHR, the mean
bullet (ballistic) trajectory* will pass through the target or above (below) it
(Fig. 1). The difference in the PHR between the shooter and the shooting
target (x;, Xy, xm) determines the difference in the POI location and the
constantly increasing parameters of the dispersion ellipse for each target.
The location of the POA in Fig. 1 is not indicated.

4 This trajectory is a projectile path obtained by theoretical calculation and agreed upon
with experimental shooting tests. In this way, the mean ballistic trajectory (MBT) is the
space curve near which the remaining trajectories are grouped taking into account the

regularity of bullet dispersion.
<>
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Let us define that the shooting mode (single shots) and the aiming
parameters are not changed by shooting. The ABCD curve (Fig. 1b) is
the mean ballistic trajectory (MBT) with respect to the specified angle of
departure (or number/clicks of sight) and the previously specified zero
range. Uncertainty in the PHR magnitude is transformed into a vertical
projectile dispersion at a chosen shooting target. Naturally, the hit
probability value (Phit1, Pnit i, Pric i) Will change with the variations of the
POI location and with the change in the dispersion ellipse
characteristics®.

The mathematical model of the hit-probability vs the PHR will
consist of three blocks. Block | will be devoted to the double integral
formula taking into account the changes in the POI location and bullet
dispersion. Block Il will include the bullet dispersion characteristics vs the
horizontal range. Finally, block 11l will describe the functions of a target
silhouette contour.

Block 1. This block of the mathematical model is based on the
results of (Khaikov, 2018). If the T region (letter “T“ means a target) is a
plane figure, and the hit probability of random variables Z and Y is

determined by the 2D uncorrelated Laplace-Gauss distribution f(z,y),

then the target hit probability is defined by formula (1) (Venttsel', 2006,
p.196)

Plz.Y)=T]= [[ f(z, y)zdy (1)

£
where: T — the region of integration in the zy-plane; z, y — the Cartesian
coordinates; o,, o, — the standard deviation of the continuous random
variables Z, Y; m,, m, — the coordinates of the center of dispersion

(the mean of Z and Y) or the POlI, since it is the same one; f(z, y) — the
integrand and the uncorrelated bi-variate Laplace-Gauss distribution (2):

5 The first important factor is the type of weapon and the type of cartridge used. In the
second place, the POI location depends on the target type. For the pre-selected weapon,
the cartridge and the shooting target, the POI location and the characteristics of the
dispersion ellipse are the functions of the PHR. In the case under consideration, skills of
the shooter and combat stress as psychophysical conditions are not taken into account.

i



7o, o, 20,

1 @-m)  (y-m,f 2

f(z,y) > Gyexp[ { P - 2

In (Khaikov, 2018, pp.739-756), it is shown that if the target

silhouette is described by two functions (the function of the bottom

contour line of the target ¢i(z) and the function of the upper line of the

target's contour) @2(z) and two constants a and b (a<b), then the hit
probability can be expressed as

P[(Z,Y)]:j).(pzf) 1 exp[—{(z_mz)z+(y_mzy)2dedy- 3)

0 270,0, 207 20,

If in formula (3) the constants m,, m,, o,, o, are transformed

into functions that depend on the distance x “shooter — target* (m, (x),
my(x), o, (x) ay(x)), we get a formula that realizes the transition from

P[(z,Y)] to P[(z,Y,X)]

Pz, X)]= T%(Z;;GXPH(Z —m, () | (y=m, (3)f ﬂdzdy_

270, (x)o, (%)

ol
(4)
The method of determining the functions mz(x), m, (x) o, (x) and
o, (x) for the assault rifle MPi AK-74N will be described in block II.

Block II. Characteristics of m,(x), my(x), a,(x), o, (X) functions.

The trajectories of the steel core bullet of the 5.45x39 Kalashnikov
cartridge (bullet weight - 3.4 g; muzzle velocity - 960 m/s) under the line
of departure and over/under the line of sight for mechanical sight from 1
to 10 are described in (NVA der DDR, 1985, pp.90-93) as tabulated data.
Let us visualize this table and obtain the approximation formula (Fig. 2).

The data corresponding to sight number 3 (NVA der DDR, 1985,
pp.90-93) can be approximated using a polynomial. As a result, we
obtain the function

m, = —0.029+1.969-10°x - 2.645-10°x* -1.192-10°x°, (5)

€D
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where x is the PHR («shooter-target» distance) in meters (50 < x < 400
m) and my is the ballistic trajectory profile in meters for the sight setting 3
(position 3 for standard mechanical sight of the Kalashnikov assault rifle).
The red curve in Fig. 2 shows the change of the POI height. At 50 m,
shots will be about 6 centimeters=0.06 m high. The vertex of the flight
path is 27.66 cm = 0.267 m, observed for the PHR 168.3 m (Fig. 2a). The
zero distance is 300 m. Beyond 300 m (PHR>300 m), the bullet trajectory
will drop rapidly to about 43 centimeters = 0.427 m low at 400 m.

thy[m], mz[m] Ty [tn], T [11]
0.2 03 T T T
Ty
G-Y -
0 -
02F oy -
-02F s
0.1r .
—04f
06 1 1 L H[rn] 0 S 1 1 L]
0 100 200 300 400 0 100 200 300 400
a) b)

Figure 2 — Characteristics of the location of the center of dispersion (a) and the
characteristics of the dispersion ellipse (b) as a function of the PHR
Puc. 2 — XapakmepucmuKu rofioxXeHUs1 UeHmpa pacceusaHus (a) u annurca
pacceusarus (b) kak ¢pyHkyuss ducmaxyuu 0o yenu
Cnuka 2 — Kapakmepucmuke rornoxaja yeHmpa oucriep3uje (a) u kapakmepucmuke
enurice ducriep3uje (6) y ¢pyHkUyuju pacmojarba 0o meme

The right-hand bullet drift or the bias of the POI to the right side
due to the bullet gyroscopic stabilization can be expressed by the
polynomial model

m, =-1.667-10°x+1.667-107 x?, (6)

where x is the PHR in meters (50 < x < 400 m) and m, is the right-hand
bullet drift in meters (the blue dotted curve in Fig. 2a).
The bullets dispersion in the vertical (o-y) and the lateral directions

(o,) in the form of standard deviation are expressed as two polynomial
functions PHR-argument (Fig. 2b)

o,=5935-10"x, )

>



o, =2.967-10x, (8)

where x is the PHR in meters (50 < x < 400 m), and o, and o,

represent the standard deviation in meters.
Thus, two functions (o, (X) and o,(x)) determine the shape of the

dispersion ellipse and two more, i.e.my(x), m,(x), determine the

locations of the dispersion center versus the PHR from 50 to 400 m.

In order to use formula (4), we need to determine the functions
@1(2), @2(z) and the constants a and b.

Block Ill. Functions of the target silhouette contour @1(z) and @2(z).

Depending on an OPFOR combatant silhouette seen by a shooter,
there are «head», «head-shoulders», «head-burst», «head-hip», and
«man sized» military targets (Fig. 3)°.

20 20 20
| i ==
20 20|
33|
13,
22 45 35
Target K Target H 0

8
. 45
Target G
.45
TargetF
4 |30 .|
45
’ TargetE

Figure 3 — Military shooting targets (cibles de campagne): K, H, G, F, and E
Puc. 3 — Apmelickue muwenru K, H, G, F, E dnsa cmpensb
Cnuka 3 — BojHe meme 3a eahare K, H, G, FuU E

Among the five shooting targets, the K and H targets have the
minimum height of 33 centimeters (0.33 m); conversely, the E target has
the maximum height of 1.65 m. The target area is increased in the

6 in comparison with Fig. 1, the number of types of targets in Fig. 3 was increased from 3
to 5. In different countries, shooting targets of the same type (for example, the K target
«head in a protective helmet» or the E target «man sized target») may have different
shapes and different geometric areas. These characteristics are determined in individual
countries by their armed forces regulations.

o
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direction from K to E. The K, H, G, F, and E human silhouette targets’ are
used in the armed forces of the Swiss Confederation for shooting training
(http://www.wikiwand.com, nd).

The target contour can be designated in two ways (Khaikov, 2018,
pp.739-756): in option |, the upper (lower) contour should be identified as
the y(z) functions or, in option Il, the right (left) contour should be
identified as the z(y) curves. For all five targets in Fig. 3, the upper
contour lines (UCL) are red, and the bottom counter lines (BCL) are
yellow. If we consider the UCL of the target K, then we use the notation
UCLk. This procedure for the BCL of the target E is similar: BCLE.

The geometry analysis and the contour lines identification for the G
target are shown in Fig. 4. It is a flat shooting target which can be
described as the ABCDEFGHIJ polygon. The G target has an axis of
symmetry that passes through the EJ (Fig. 4a). The left side of the G
target is the ABCDEJ polygon, and the right-hand side is the EFGHIJ
polygon. The areas of these polygons are the same. The presence of the
right-hand bullet drift causes the POI to be located on the right side (the
red ellipse in Fig. 4b).

Axial symmetry

J
The left The right
side side m,

o) z O z
a) b)

Figure 4 — Analysis of the geometry of the G shooting target (a). A location of the
dispersion ellipse (b)
Puc. 4 — Ananus ezeomempuu cmpernkosol muweHu G (a). lNonoxeHue annurca
pacceusaHus (b)
Cnuka 4 — AHanu3sa eeomempuje meme 3a eahjare G (a). Jlokayuja enurce ducnep3uje
(6)

” The following names are used for target designation (in German): Feldscheiben,
Ordonanzscheiben, K-Sheibe, G-Sheibe, H-Sheibe, and so on.

<>



Not taking into account the symmetry of the G target, its UCL can be
described as the BCDEFGH line. When symmetry is taken into account,
the geometric formula of the left-hand side is BCDE. Similar reasoning
applies to the description of the BCL: AJl (without symmetry) and AJ (the
left side of the figure with symmetry taken into account).

It is necessary to determine the coordinates of the vertices of the
ABCDEFGHIJ polygon and to obtain an analytical expression of the
sides of the G target. The coordinates of the points for the G target
contour and its analytic functions are collected in Table 1.

Table 1 — Coordinates of the points for the G target contour line
Tabnuua 1 — KoopduHamsl mo4yek KoHmypa muweHu muna G
Tabena 1 — KoopduHame madaka koHmype meme muna G

Points Z, m Y, m B_oundar_y Analytic function
points of line
A -0.225 0.0 A-B z(y)=-0.225
B -0.225 0.302 B-C y(z)= 0.384*z + 0.388
C -0.1 0.35 C-D z(y)=-0.1
D -0.1 0.55 D-E y(z)=0.55
E 0.0 0.55 E-F y(z)=0.55
F 0.1 0.55 F-G z(y)=0.1
G 0.1 0.35 G-H y(z)=-0.384*z + 0.388
H 0.225 0.302 H-I z(y)=0.225
| 0.225 0.0 I-J y(2)=0
J 0.0 0.0 J-A y(2)=0
Notes: The coordinates of the points are given according to Fig. 3.
The symmetry of points is shown with the orange and blue background.
The locations of the vertices for the G target can be used in the analysis of the
H target and the F target.

The contour line (CL) CLg(z) of the G shooting target (the UCL
(BCDEFGH) UCLg(2) and the BCL (AJl) BCLg(z) ) can be described by a
piecewise function:

0.384z +0.388 ~0.225<7<-0.1
CL. (2)= UCL,(z)= 0.55 ~-01<z<0.1
eV —0.384z +0.388 0.1<2<0225

BCLs(z)=(0 —0.225<7<0.225)

Since the geometry of the G target has an axis of symmetry (EJ
axis) and if the POI lies on the EJ axis, then the hit probabilities for the

€
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right and left parts are the same. If the POI location is not on the EJ axis,
then the hit probabilities for the right and left parts of the G target are
different. The side of the target where the POl is located has a higher hit
probability. In view of the fact that the bullet gyroscopic stabilization
causes a shift of the POI to the right, the right-hand side of the G target
has a larger hit probability than the left one.

The coordinates of the points for the H target contour line are
collected in Table 2.

Table 2 — Coordinates of the points for the H target contour line
Tabnuya 2 — KoopduHamsl moyek KoHmypa muweHu murna H
Tabena 2 — KoopduHame maydaka KoHmype meme murna H

Points Z, m Y, m Bpundary Analytic function
points of line
A -0.225 0.0 A-B z(y)=-0.225
B -0.225 0.082 B-C y(z)= 0.384*z + 0.1684
C -0.1 0.13 C-D z(y)=-0.1
D -0.1 0.33 D-E y(2)=0.33
E 0.0 0.33 E-F y(2)=0.33
F 0.1 0.33 F-G z(y)=0.1
G 0.1 0.13 G-H y(z)=-0.384*z + 0.168
H 0.225 0.082 H-I z(y)=0.225
| 0.225 0.0 I-J y(z2)=0
J 0.0 0.0 J-A y(2)=0
Notes: The coordinates of the points are given according to Fig. 3.
The symmetry of the points is shown with the orange and blue background.

The analysis of Table 2 allows us to describe the contour needed for
integrating the double integral (4) and determining the hit probability. The
contour of the H shooting target (the UCL (BCDEFGH) and the BCL
(AJD) can be described by a piecewise function:

0.384z +0.1684 -0.225<2<-0.1
cL.(2)= ucL,(z)= 0.33 ~-0.1<2z<01
S —0.384z +0.1684 0.1<2<0.225

BCL,(z)=(0 -0.225<7<0.225)

The coordinates of the points for the F target contour line are

presented in Table 3.
225



Table 3 — Coordinates of the points for the F target contour line
Tabnuya 3 — KoopOuHambl moyek KoHmypa muweHu muna F
Tabena 3 — KoopduHame mavaka koHmype meme muna F

Points Z, m Y, m B.oundar.y Analytic function
points of line
A -0.225 0.0 A-B z(y)=-0.225
B -0.225 0.752 B-C y(z)= 0.384*z + 0.838
C -0.1 0.8 C-D z(y)=-0.1
D -0.1 1.0 D-E y(z2)=1.0
E 0.0 1.0 E-F y(2)=1.0
F 0.1 1.0 F-G z(y)=0.1
G 0.1 0.8 G-H y(z)= -0.384*z + 0.838
H 0.225 0.752 H-1 z(y)= 0.225
| 0.225 0.0 I-J y(2)=0
J 0.0 0.0 J-A y(2)=0
Notes: The coordinates of the points are given according to Fig. 3.
The symmetry of the points is shown with the orange and blue background.

The contour of the F shooting target (the UCL (BCDEFGH) and the
BCL line (AJI)) can be described by a piecewise function:

0.384z +0.838 ~0.225<7<-0.1
CL(2)- UCL.(z)= 1.0 -0.1<2z<0.1
A —0.384z+0.838 0.1<7<0.225

BCL.(z)=(0 -0.225<7<0.225)

The coordinates of the points for the E target contour line are listed
in Table 4.

Table 4 — E shooting target: coordinates of the points
Tabnuya 4 — KoopduHamsl moyek KOHmypa muweHu murna E
Tabena 4 — KoopduHame mayvaka kKoHmype meme muna E

Points Z,m Y, m B_oundar_y Analytic function
points of line

A -0.15 0.0 A-B z(y)=-0.15

B -0.15 0.4973 B-C y(2)= -5.817*z - 0.375
C -0.17625 0.65 C-D y(2)=0.65

D -0.225 0.65 D-E z(y)=-0.225

E -0.225 1.402 E-F y(z)= 0.384*z + 1.488
F -0.1 1.45 F-G z(y)=-0.1

G -0.1 1.65 G-H y(2)=1.65

<>
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Boundary

Points Z, m Y, m . ) Analytic function
points of line
H 0.0 1.65 H-l y(z)=1.65
[ 0.1 1.65 I-J z(y)=0.1
J 0.1 1.45 J-K y(z)= -0.384*z + 1.488
K 0.225 1.402 K-L z(y)=0.225
L 0.225 0.65 L-M y(2)=0.65
M 0.17625 0.65 M-N y(2)=5.817*z — 0.375
N 0.15 0.4973 N-O z(y)=0.15
(@) 0.15 0.0 O-P y(z)=0
P 0.0 0.0 P-A y(2)=0

Notes: The coordinates of the points are given according to Fig. 3.

The symmetry of the points is shown with the orange and blue background.

Figure 5 — Geometric analysis of the E target (turn 90° counterclockwise)

Puc. 5 — N'eomempuyeckuli aHanus guaypsl E (noeépHyma Ha yzon 90° npomue yacogou

cmpersku)

Cnuka 5 — l'eomempujcka aHanusa meme E (okpeHyme cynpomHo 00 npasya Kasarbke

Ha camy 3a 90°)

The contour of the E shooting target (the UCL (EFGHIJK) and the
BCL (DCBAPONML) (Fig. 5)) can be described by a piecewise function:

0.384z +1.488
UCL,.(z)= 1.65
~0.384z +1.488
CLe(2)- 065
~5.8172-0.375
BCL.(z)= 0
5.817z -0.375
0.65

The K target has the smallest area. The silhouette and the

geometry of the target are shown in Fig. 6.

=

-0.225<7<-01

-0.1<z<0.1

0.1<72<0.225

-0.225<7<-0.176
-0.176<z<-0.15

-0.15<2<0.15
0.15<z<0.176

0.176<2<0.225




Figure 6 — Geometric constituent parts of the K target (see Fig. 3)
Que. 6 — leomempuyeckue cocmasnsouwue muweHu K (cm. puc. 3)
Cnuka 6 — l'eomempujcku enemenmu meme K (sudemu crnuky 3)

The hit probability of this target can be found as an algebraic
subtraction of the hit probabilities of its three domains

Phitk= Phit(ABEFGHILM) — Prit(BEDC) — Prir(KJIL) .

The coordinates of the vertices of the K target as a geometric figure
and the analytical functions of its sides are collected in Table 5.

Table 5 — K shooting target: coordinates of the points
Tabnuya 5 — KoopduHamsl moyek KoHmypa muweHu muna K
Tabena 5 — KoopduHame mayvaka koHmype meme mura K

Points Z,m Y, m B_oundar_y Analytic function
points of line

A -0.11 0.0 A-B z(y)=-0.11
B -0.11 0.0652 B-C y(z)= 0.795*z + 0.153
C -0.0714 0.0959 C-D z(y)=-0.0714
D -0.0714 0.1458 D-E y(z)= -0.795*z + 0.089
E -0.11 0.1765 E-F y(z)= 2.883*z + 0.494
F -0.0714 0.2878 F-G y(2)= S1(2)
G 0.0 0.33 G-H y(2)= S2(2)
H 0.0714 0.2878 H-1 y(z)= -2.883*z + 0.494
| 0.11 0.1765 I-J y(z)= 0.795*z + 0.089
J 0.0714 0.1458 J-K z(y)=0.0714
K 0.0714 0.0959 K-L y(z)= -0.795*z + 0.153
L 0.11 0.0652 L-M z(y)=0.11
M 0.11 0.0 M-N y(z2)=0
N 0.0 0.0 N-A y(z2)=0

S1(z) =-57.9679*z"\3 - 12.4167*z"2 + 0.33 z[-0.0714; O ]

S2(z) = 57.9679*z"3 - 12.4167*z"2 + 0.33 z] 0; 0.0714]

The piecewise functions CL for the K target are determined below.

<>
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2.8832+0.494 -0.11<z<-0.0714
~57.96792° -12.41672° +0.33 -0.0714<2<0

57.9679z° -12.4167z° +0.33 0<z<0.0714
—2.883z+0.494 0.0714<z<0.11

BCL,,(z)=(0 -0.225<7<0.225)

CL,, (Z) = UCL,, (Z) =

CLoo (2)- UCLgepc(z)=(~0.795-2+0.089 —0.11<z<-0.0714)
BEoC T | BCLggpc(2)=(0.795-2+0.153 —0.11< 7 <-0.0714)

UCL,,, (z)=(0.795-2+0.089 0.0714<z<0.11)

BCL,, (z)=(-0.795.2+0.153 0.0714<7<0.11)

CLKJ.L(z)={

The sequence steps — the development of the calculation program
in the CAS Mathcad will be described in the next section.

Calculation in the CAS Mathcad

The projectile horizontal range (in meters) is defined in the Mathcad
as a range of variable x with the initial value of 50, the end value of 400
and the increment of 51 (the step size is 1 meter)

x:=50, 51 .. 400

The text below shows the usage of the variable range to define the
values of the vectors oy and oz (egs. 7 and 8) which characterize the
bullet dispersion in the vertical and lateral directions

oyx=5.935-10%x,
0zyx:=2.967-10%x ,

and the values of the vectors my and mz (eqgs. 5 and 6) (which assign the
POI location according to the MBT with the zero range at 300 meters)

myx.=a -0.029 +1.969-103-x -2.645-10%-x2-1.192-108-x3 ;
a:=0: mzy.= -1.667-10%-x + 1.667-107-x2 .

a0



Using the constant a, the my vector can be displaced vertically in
the up-down direction. If a>0, then the zero range increases (>300 m).
Usually, a is equal to 0 (zero range = 300 m). Thus, the parameter a
makes it possible to simulate the position of the POA along the height of
the shooting target.

For each value of x, set the x" element of the vector variables oy
and oz, and my and mz with a corresponding value of x. The tables of
numbers for the vector variables oy, 0z and my, mz are of the same size.
Each of them consists of 351 numbers. Using the variables sYi and sZi,
we determine the center of the shooting target. For the K target, its
center will be defined as (sYK, sZK). For the H target, as (sYH, sZH), and
so on. The data on the position of the centers of the K, H, G, F, and E
targets are shown in Table 6 (in meters).

Table 6 — Coordinates of the shooting target centers
Tabnuua 6 — KoopOuHambl yeHmpa cmpesikosbix MuwieHel
Tabena 6 — KoopduHame yeHmapa mema 3a 2afjar-e

Number Type (kind) Center height Center coordinates in
of targets coordinates, m width, m
1 K sYK=0.165 sZK=0
2 H sYH=0.165 sZH=0
3 G syG= 0.275 sZG=0
4 F syF=0.5 sZF=0
5 E syE= 0.825 sZE=0

For the K target, the following expression can be proposed:

PhitK = Phit(ABEFGH|LM) - Phit(BEDC) - Phit(KJ|L) = PhitA - PhitL - PhitR,

here Phi(ABEFGHILM), PriA — probability of hitting the ABEFGHILM
domain as a function of the PHR; Pmni(BEDC), PniAL — probability of
hitting the BEDC domain as a function of the PHR; Pnii(KJIL), PnitR —
probability of hitting the KJIL domain as a function of the PHR.

Due to the conditional operator if, the UCL and the BCL of the
constituent elements for the K shooting target are defined as:

2.883z+0.494 if (-0.11< 7 <-0.0714)
~57.9679z° —12.41672* +0.33 if(-0.0714<7<0)
57.9679z° —12.4167z2 +0.33  if(0<2<0.0714)
—2.883z +0.494 if (0.0714<z<0.11)

UCLan(Z): -

D
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BCL,,(z)=(0 if(-0.225<2<0.225)),

UCLgepe(2)=(~0.795-2+0.089 if(-0.11<2<-0.0714)),
BClgene(2)=(0.795-2+0.153 if(—0.11<2<-0.0714)),

UCL,,, (z)=(0.795-2+0.089 if(0.0714<z<0.11)),
BCL,, (z)=(~0.795-z+0.153 if(0.0714<2<0.11)).

The assessment of the hit probabilities of the elements of the K
target is realized by the following formulas

0225 UCLy(2) 2 2
: ._ 1 [Z_mzx] [y_myx]
-0225 BCLy(2) xOYx X OYy

(-0.0714) (~0.795-2++0.089) 2 27
Phit_L, = I ;-exp _[[z—mzxz] | [y—myxz] dydz
(-011) (0.795.2+0.153) 2o, 0y, 2(sz) Z(ny) ]

(0.0714) (~0.795-2+0.089) 2 > 1711
Ph|t_RX = J- ;.exp _|:[Z_mzx2] I [y_myxz] :| dydz
(011) (0.795-2+0.153) 2rror, 0y, 2(O'ZX ) Z(ny ) |

For the UCL of the H, G and F target silhouettes, there are the
expressions

(0.384z + 0.1684) if (-0.225< 7 <-0.1)
UCL,(2):=| (0.33) if(-0.1<z<0.1) :
(—0.384z + 0.1684) if (0.1<2<0.225)
(0.384z +0.388) if (-0.225< 7 <—0.1)
UCL,(z)=| (0.55) if (-0.1<z<0.1) :
(—0.384z +0.388) if (0.1< 2 <0.225)

<>



(0.384z +0.839) if (—0.225< 7 <-0.1)
UCL.(z):=| (1.0) if(-0.1<z<0.1)
(—0.384z + 0.838) if (0.1< z <0.225)

Finally, the UCL (UCL.(z)) and the BCL (BCL.(z)) of the E target
silhouettes are designed by the formula:

(0.384z +1.488) if (-0.225< 7 <—0.1)
UCL.(z):=| (1.65) if(-0.1<2<0.1)
(—0.384z +1.488) if (0.1< 2 <0.225)

(0.65) if (-0.225< 7z <-0.176)

(-5.817z —0.375) if (-0.176< z <—0.15)
BCL.(z):=| (0) if(-0.15<2<0.15) )
(5.817z —0.375) if (0.15<2<0.176)

(0.65) if (0.176<z<0.225)

The hit probability assessment for the H target is

0.225 UCLy(2) B 2
Phit_Hx:z .[ .[ [;.exp —{M—F

o225 0 | 2FOLOYy i Z(O_Zx )2
-
+ ly—my, [ myxz] } dydz .
2(y,) |

The formulas for the G and F targets are given in the appendix of
this paper. The hit probability assessment for the E target is

0225 UCLg(z) B )
Phit — Ex = J- J- # . exp|:_ {M +
0225 BCLg(z) 2mat, oy, Z(GZX)

>
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=
Z(ny)z ﬂ dydz .

Results of the calculation

The curves characterizing the hit probabilities functions of five
different types of targets (K, H, G, F, and E) that were determined using
the MBT (5) are shown in Fig. 7. The space under the curve in the
interval 50-400 m is highlighted in yellow. For all five targets, the POA
(red square) was the same location — the middle of the BCL. The
shooting conditions were considered to be ideal.

Phity, -Prit Prit s Pty -Phite
1 f———
038 ost
06 a 06
0.4 0.4 a
02 B 02f
0 T #rm] $ 0 I #[m]
0 100 200 300 400 0 100 200 300 400
Pritye = Phityy Pritg — Prite — Phitg
a) b)

Figure 7 — Hit probability vs the PHR for the K and H targets (a) and the G, F, and E
targets (b) for the range of 50-400 m
Puc. 7 — ®yHkyuu sepossimHocmu nonadaxusi 8 muweru K, H u muweru
G, F, E ons oucmanyut 50-400 m
Cnuka 7 — @yHkyuje seposamHohe nozodaka mema K, H u mema G, F, E Ha pacmojary
00 50 0o 400 m

The hit probability change vs the PHR for all five targets is a
classical decreasing curve (Shereshevskiy et al, 1979). The dashed lines
in Fig. 7a show the ranges that correspond to the hit probabilities of 0.9,
0.8, and 0.7 for the K target.

Changing the shape for the hit probability vs the PHR with respect
to the F target and the location of the POA (red square) is shown in Fig.
8.
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Figure 8 — Hit probability vs the location of the POA for the F target for the range of 50-
400 m
Puc. 8 — BepossimHocmu ronadaHusi 8 muweHu F 05 ducmaruyuti 50-400 M u nosoxeHust
MOYKU rpuyenueaHusi
Cnuka 8 — BeposamHohe nozo0aka meme F Ha pacmojary 00 50 0o 400 m u rnonoxaja
mayke HUlWareHa

Fig. 8 shows that if the range to the shooting target is 200 meters
and if the POA is positioned on the BCL (see the red square as the
graphical symbol), then the hit probability is 0.92 (Fig 8a). If the POA is
0.5 m higher, then the hit probability for the PHR=200 m is increased to
be 0.98 (Fig. 8b). If the POA is increased to 1.0 meters, then the hit
probability decreases to 0.08. Thus, if the distance to the shooting (real)
target is known as well as the target geometric dimensions and the
ballistic characteristics of the bullet flight path (MBT and bullet
dispersion), the POA determining algorithm for a remote weapon station
of a ground combat vehicle can be proposed.

Conclusions and Implications

This paper represents a method for assessing the single shot hit
probability for a stationary (fixed) shooting target as a function of the
PHR, the selected target type and the location of the POA. The proposed
procedure has three blocks. The proposed method is built on a modular
basis and allows a user to change types of weapons and types of
shooting targets.

The single shot hit probability depends on five variables: height of
the POI; lateral displacement of the POI relative to the target; bullet
dispersion in the height (vertical direction); lateral bullet dispersion
(horizontal direction); and the forms of the shooting target contour. To
order these variables, three auxiliary quantities can be introduced. These
are the projectile horizontal range (PHR), the altitude of the point of aim
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and the lateral displacement of the point of aim. The last two variables
can be combined into the «POA location».

For demo calculations, the external ballistics and the bullet
dispersion characteristics of the 5.45%39 Kalashnikov assault rifle model
MPi AK-74N were selected. Five types of Swiss military targets imitating
OPFOR combatant silhouettes were used as shooting targets. For
illustrating the operability of the proposed method, the hit probability for
the K, H, G, F, and E shooting targets was evaluated as well as for the
PHR from 50 to 400 m. The calculations have shown that the PHR and

the form of the target cause a complex dependence between the P, and

the shooter-target distance.

The developed mathematical model can be used in tactical
computer interactive simulators that emulate combat situations of a
tactical strike. Likewise, the proposed mathematical models of shooting
targets can be used for improving digital target range simulators or in fire-
control systems of remote weapon stations.

Appendix

Formulas for the hit probability assessment of some shooting
targets

The hit probability P, vs the PHR for the G and F targets can be
expressed as
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Pe3some:

OueHka eepossimHocmu ronadaHusi seiiemcsi 8axHoU  4acmblo
npouedypbl aHanu3da agghekmusHocmu cmpenbbbl. B cmambe
rpednoxeH Memod OUEHKU 8epOsimHOCMU nornadaHusi 8 Cmamu4YecKyto
CIMpPEsIKo8yro MUWEHb KakK (DYHKUUS 20pu3oHmarsibHol OdanbHocmu 00
muweruu (FM), eé muna u nOMOXKEeHUSS MOYKU PUYEU8aHusl.
lNpednazaemas npouyedypa oueHKU cocmoum u3 mpex Yacmed. Yacmeo |
rocssiuieHa A80UHOU UHMezparnbHOU ¢hopMyrie ¢ y4Emom U3MEHEHUU 8
mecmoriornoxeHuu cpedHeli moyku riornadaHusi (CTII) Ha nosepxHocmu
muweHu 8 3asucumocmu om M. Xapakmepucmuku ducriepcuu ryrb 8
3asucumocmu om [[JM onpedeneHbl 8 Yacmu Il. OcHoeoli yacmu | u
yacmu |l sierisemcs 08yMepHOe HeKoppesnuposaHHoe pacripedesieHue
eeposimHocmel [lannaca-Maycca. Kak npasuno, @yHkuuu opduHam
(abcyucc) CTIT om apeymeHma M u ¢yHkyuu opduHam (abcuyucc)
pacceusaHusi nynu kKak ¢yHkyuu M npedcmaeneHbl 8 8ude
Kriaccu4eckux nosiuHomos. B uyacmu Il daémcsa onucaHue KoHmMypa
MuweHU. B Mmamemamu4yecKkoM riiaHe KOHmMyp Uesu sensiemcsi Kyco4Hou
yHKUUel, Komopasi ornucbisaem 8ePXHUU U HUXHUU Kpasi Cmpesikogol
MUWEHU, a 80-8MopbIX, KOHMYpP uesnu 6 ¢ghopmyrie 80UHO20 UHMezpasa
ebicmyriaem Kak rnpedes1 UHMeezpasnbHol ¢opmyrnbl Yacmu I Bce
8blyucneHusi peanusoeaHbi 8 PTC Mathcad. lNpednazaembiti memod
rnocmpoeH Ha MOOy/IbHOU OCHOBe U [10380715em  [10/1b308aMero
U3MeHsIMb muribl opyXusi U 8ulbl muweHed. [ns deMOHCmMpayUOHHbIX
pacyémoe ucrionib3o8aHbl  OaHHble  Xapakmepuayrujue 8HEWHH
bannucmuky U Xxapakmepucmuku pacceusaHusi 5.45x39 aemomama
KanawrHukosea. B kayecmee paccmampueaemoli mMolenu asmomama
bbina ebibpaHa MPi AK-74N. B kayecmee cmpesikosbiX MulleHel
ucriofnib3o8asnuchb Msmb 8udo8 wWeeliuapCcKux apMelcKux MulieHed,
KOomopbie UMUMupyom pas/udHbie Yacmu curlyama kombamaHma. s
unmrocmpauyuu pabomocrnocobHocmu rpedrioXKeHHO20 Memoda OUeHeHa
seposimHocmb ronadaHusi 8 muweHu K, H, G, F, E u 0ns Ouarna3oHa
M om 50 do 400 m.

Knouesble criosa: sepossimHocmb rnornadaHusi, YUCIIEHHOEe peuleHue,
cmpersikogasi MuweHb, 080UHOU uHMmeapars, pacceusaHue nysb,
e2opu3oHmarsbHas danbHocmsb, Mathcad.

OOPEBUNBAHE BEPOBATHORE NMOIrOTKA JEOHUM XULIEM Y
3ABMCHOCTWN O XOPUBOHTAIMHE PA3OAILUHE, PASITMYNTUX
BPCTA META U NMONOXAJA TAYKE HULLAHEHA
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OBNACT: npumeneHa MmaTemaryka, onepaumoHa NCTpaxuBaha
BPCTA YJTAHKA: opurMHanHm Hay4Hu YnaHak

JE3VK YJTAHKA: eHrnecku
34D



Caxemak:

Y 4naHKy je npedcmasrbeHa memolda 3a odpehusare seposamHohe
flo2omka cmayuoHapHUX Mema y 3asucHocmu 00 XOpU30HMarHo2
pacmojara 0o meme (XPM), epcme mMeme u riokayuje madyke yusba.
lpednoxeHu nocmynak cacmoju ce 00 mpu bsioka. lpsu briok ce basu
¢opmyriom O8ocmpykoe UHmMezpana Koja y3uma y o063up rpomeHe y
JioKkayuju maydke noegomka y sasucHocmu o0 XPM. Kapakmepucmuke
ducriep3uje memka, y 3asucHocmu 00 XPM, odpehyjy ce y Opyaom
6rioky. busapujaHmHa HekopenucaHa [ayc- [lannacosa pacriodena
seposamHohe y3ema je 3a 0cHo8 ripga 08a brioka. yHKUuUje nokayuje
mayke yusrba (opOuHama/anuyuca) y 3asucHocmu 00 XPM u ¢yHkyuje
Kapakmepucmuka oucriep3uje rozol0aka y 3asucHocmu 00 XPM
rpuka3aHe cy y obnuky nosuHoma. Y mpehem 650Ky HasedeH je onuc
KOHmMypa curiyema mema. Y MamemMamu4ykoMm CMUCITy, KOHmypa meme
Jje xubpudHa ¢hyHKUuja Koja OecbuHuLe 2opHe U OOH-E usUUe Meme U,
makohe, npedcmaerba epaHuuy ¢hopmyrne 080CMpPyKOoe UHMmeepana
npeoe 6rioka. Ceu npopavyHu cy ce epwunu y PTC Mathcad.
lNpednoxeHu memod 3acHo8aH je Ha MOOYfapHOM MPUHYUNY U
omoeyhaea KopucHUuKy Oa Mera 8pcme opyxja U Mema. 3a
unycmpauyujy je usabpaH npuka3 uspadyHaearba Kapakmepucmuka
ducriep3uje rozomka Koju je rocmusHym u3 aymomamcke nyuKe
JKanawmukos”, kanubpa 5.45x39, moden MPi AK-74N. 3a meme je
uzabpaHo rnem muroea wWeajuapcKux 60JHUX Mema Koje umumupajy
pasnudume derioge curiyeme 8ojHuka. OnepabunHocm npeodioXeHo:
memoda urnycmpogaHa je odpehusarem eeposamHoha roeaharba
mema K, H, G, F u E nHa yGarbeHocmu 00 50 6o 400 m.

Krby4He peyu: seposamHoha noe2omka, HYMEpPUYKO peliasare, Mema
3a eahamwe, 0socmpyku uHmMeepanu, doucrnep3uja rnozodaka,
Xopu3oHmarnHo pacmojar-e, Mathcad.
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Summary:

Nanocomposite material containing NiO nanoparticles decorated on WOs;
nanowires could be used for monitoring levels of H,S gas. The
effectiveness of this material is mostly determined by NiO properties. The
performed study presents the first stage in the preparation of modified
NiO/WO3; nanocomposite material. In this article, NiO nanopatrticles are
prepared by a simple, low-cost method.The behavior of nano-sized NiO
particles is probed by X-ray diffraction, Fourier transform Infrared
Spectroscopy, Raman spectroscopy, and hysteretic measurement.
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Introduction

Transition metal (Fe, Co, Ni and Mn) oxide nanoparticles have been
thoroughly examined in recent years due to discoveries of new
applications of these materials (Sellmyer et al, 2001), (Jana et al, 2004),
(Nikoli¢ et al, 2016), (Nikoli¢ et al, 2017), which is enabled by their
modified properties that are significantly improved in comparison to bulk
materials. Today, NiO nanoparticles are intensively investigated because
of their various potential applications in different industries.

Nickel oxide materials are recognized as interesting for usage in
catalytic reactions in industrial processes and electrochromic devices
(Salimi et al, 2017), (You et al, 2003), (Xing et al, 2004), (Kamal et al,
2005), (Lee et al, 2014). One of potential applications of NiO
nanoparticles in this field presents the fabrication of a glucose biosensor
based on the electrochemical co-deposition of NiO and GOx (glucose
oxidase) onto the surface of the GC (glucose consumption) electrode
(Salimi et al, 2017). Further, the investigation of the influence of the NiO
properties on the electrochemical properties of NiO/reduced graphene
oxide-based supercapacitor electrodes is of importance for designing
high performance energy storage devices constructed from materials
with limited conductivity (Lee et al, 2014).

It is noteworthy that the examination of the properties of composite
materials containing NiO nanoparticles could contribute to the
development of inexpensive resistive sensors able to monitor the
presence of H,S in the environment, which is of significance for military
industry. Jeffrey pointed to many potential hazards for workers involved
in operation and maintenance of water and wastewater treatment
systems (Jeffrey, 2015). Workers in navy air forces are often faced with
the problem of the presence of explosive gases (such as methane (CH,),
carbon monoxide (CO) and hydrogen sulfide (H,S)). In combination with
the air and a spar, the mentioned gases are prone to strong explosions
that could lead to significant damage in confined spaces (tanks,
underground lift stations, manholes) (Jeffrey, 2015). Also, it is important
to notice that in wastewater treatment systems, H,S gas is present more
often than any other hazardous gas (Jeffrey, 2015). After longer
exposure, workers experience over-stimulation of all sensors and are not
capable of registering H,S odor. With the aim to overcome the mentioned
problem, scientific community have performed more detailed research in
H,S sensors properties; literature data show that the behavior of H,S
sensors varies depending on the properties of material used for their
construction (Rout et al, 2008), (Lin et al, 1994), (Wang et al, 2008),
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(Kapse et al, 2008), (MalekAlaie et al, 2015). Navarrete et al. found that
tungsten oxide (WO3) nanowires decorated with NiO nanoparticles could
be applied onto substrates for developing resistive metal oxide gas
sensors (Navarrete et al, 2018). These nanocomposite materials showed
increased sensitivity and selectivity to H.S, and achieved a five-fold
increase in the response, which is ascribed to the NiO high chemical
adsorption effect as well as to the high electronic sensitization effect (NiO
nanoparticles become metallic Ni,Sy upon exposure to H,S).

The well-known gas sensing properties of the material consisting of
nickel oxide (NiO) nanoparticles decorating tungsten oxide (WOs;)
nanowires are significantly dependent on the properties of both present
phases: NiO and WO; nanostructures. Although Navarrete et al obtained
the mentioned material by performing a two-step synthesis (the first step
presented the formation of pure tungsten oxide nanowires, and the
second step considered loading these wires with 2 nm-sized NiO
nanoparticles) (Navarrete et al, 2018), experience with other
nanomaterials has revealed that the same material could be
characterized by different properties if it is obtained by the modified
synthesis procedure (Mili¢ et al, 2017). Navarrete started the synthesis
from expensive nickel(ll)acetylacetonate (Navarrete et al, 2018) that is
not appropriate for industry usage since industry always looks for low-
cost solutions. One of potential synthesis approaches for the production
of NiO/WO3; nanocomposite material is to change the synthesis route
performed for the preparation of NiO nanoparticles in order to estimate
the best candidate for the discussed purpose.

Also, the literature review has revealed that it is not clear how
variations in the size of NiO nanoparticles influence their chemical and
electronic sensitization properties to H,S. In Ref. (Navarrete et al, 2018),
it is shown that the increased sensitivity and selectivity to H,S is
achieved by using 2 nm NiO nanoparticles. Having in mind that
nanoparticles lower in size than 10 nm show different behavior compared
to the nanoparticles of the same chemical composition but bigger in size
(which is a consequence of more pronounced surface effects (Alkilany et
al, 2009), (Cheng et al, 2006), (Kossyrev et al, 2005), (Mdller et al, 2005),
(Tramsdorf et al, 2007), it is difficult to predict whether NiO nanoparticles
bigger than 10 nm will experience higher or lower sensitivity to H,S gas
detection, and this still has not been investigated in literature.

In order to investigate suitability of bigger NiO nanoparticles (~ 40
nm) for the detection of H,S, this article presents the synthesis of NiO
nanoparticles by a simple and low-cost coprecipitation method. This
investigation is the first stage in the preparation of NiO/WO;
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nanocomposite material whose sensitivity and selectivity for H,S will be
investigated further in the future.

The characterization of the prepared NiO phase was performed by
several techniques. X-ray diffraction (XRD) measurements were done by
a Rigaku RINT-TTRIII using CuKa (A = 1.5418 A). Diffraction patterns
were recorded in the 206 range (10-70°) with a scanning rate of 0.02
°/min. The Qualx Program was used for data analysis. Pure NiO
nanoparticles were further investigated by Fourier transform infrared
spectroscopy (Nicolet IS 50 FTIR Spectrometer, using the attenuated
total reflectance (ATR) sampling technique). Raman spectroscopy was
performed by micro Raman and the results analyzed using a Jobin—Yvon
T64000 spectrometer equipped with a nitrogen cooled charge-coupled
device detector. The measurement was done at 20 mW, using 532 nm
green line as the excitation source, and the spectrum was recorded in
back scattering geometry. Hysteretic measurement of the sample was
carried out using a Quantum Design superconducting quantum
interference device (SQUID). Hysteresis was recorded in a temperature
range of 2 - 300 K for the applied magnetic fields from -50 to +50 kOe.

Experimental results and discussion

Synthesis of the samples

Two samples were prepared by a combination of the coprecipitation
method and the annealing treatment (Maia et al, 2006). 6.365 g of nickel
(1) chloride (NiCl, - 6H,0) and 15.913 g of commercial colorless gelatin
were dissolved in 636 ml of distilled H,O. The solution was magnetically
stirred for 10 minutes at 40 °C and subsequently kept at 80 °C for several
days. The obtained gel was annealed at 700 °C for 30 minutes. When the
annealing process was completed, green powder was rinsed several
times with distilled water. Finally, the excess of water was evaporated.

Another sample was obtained in the same way, with the only
difference that sodium hydroxide (2.2 g of NaOH dissolved in a small
amount of water) was poured into the stirring solution. The sample was
further subjected to the identical procedure. After the annealing
treatment, the obtained powder was green and its surface was covered
by a thin layer of white powder. The washing process was repeated 4
times.

X-ray diffraction measurements

The diffraction patterns of the samples obtained with and without
using NaOH are presented in Figure 1 and Figure 2, respectively.
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Figure 1 — XRD pattern of the sample prepared by using NaOH
Puc. 1 - [Jugbpakmozpamma obpa3sya, nod2omoserieHHo20 rnpu ucrnonb3oeaHuu NaOH
Cnuka 1 - [Jugppakmoepam y3opka npunpemrbeHoz kopuwhemwem NaOH

The sample presented in Fig.1 contained two phases, NiO (Qualx
card No. 00-101-0093) and sodium chloride, NaCl (Qualx card No. 00-
100-0041). Scherrer's formula was used to estimate the diameter
crystallite size, d.;. Both observed phases are nano-sized: d.. (NiO, 206 =
43.6°) = 34 nm, d.; (NaCl, 26 = 31.9°) = 36 nm, although the difference in
the quantity and crystallinity of the observed phases resulted in
significantly different intensity of the characteristic diffraction maxima.

Literature data proposed a mechanism for the preparation of NiO
nanoparticles by using NaOH (Bahari Molla Mahaleh et al, 2008):

2NaOH , — 2Na" (ag) + 20H “(ag)

NiCl,-6H,0,, — Ni* (aq) +2Cl (ag) + 6H,0,,,,

Ni(OH),,-(H,0) — Ni(OH),, +, H,0,, (lower temperatures)
Ni(OH)Z(S) — NiQ, + H,0,, (higher temperatures).

The absence of the usage of surfactant (polyvinilpyrolidone,
polyethylene glycol, or cetyl trimethyl ammonium bromide) during the
synthesis procedure resulted in the pronounced reaction:

2Na+(aq) + 2Cl " (ag) — 2NaC|(aq) .

i



When the solubility product of NaCl is overcome, a physical
transformation

NaCl ,,, — NaCl, takes place, and NaCl arises as an impurity.

The observed presence of NaCl pointed to the fact that the sample had
been washed with an insufficient amount of water.

Figure 2 presents the sample obtained without NaOH. According to
20 positions of the diffraction maxima, the sample contained a pure NiO
phase of high crystallinity, d; (26 = 43.6°) = 42 nm. The hkl planes
corresponding to the positions of the diffraction maxima are shown in Fig.
2.

NiO [Qualx card: 00-101-0093] _

(111
(200

Relative intensity (a.u.)

Fipugtrbsnampmrsiyteioegs i oty gy o i Mot b WPtk oty

0 20 30 40 50 80 70
2-Theta (degrees)
Figure 2 — XRD pattern of the sample prepared without using NaOH

Puc. 2 — Queppakmoepamma obpa3sua, nodzomoeneHHozo 6e3 NaOH
Cnuka 2 — [Jucppakmoepam y3opka npurnpemrbeHoe 6e3 NaOH

If we recall the literature data, it can be noticed that Maia et al.
obtained pure NiO by using NaOH in the synthesis, but performing
annealing at 350 °C for different annealing times (9-12 hours) (Maia et al,
2006). On the other hand, they reported that the synthesis procedure
without NaOH, followed by annealing at 700 °C for 30 minutes, resulted
in the formation of bigger NiO nanoparticles, 62 - 78 nm (nearly two time
bigger size than the size of the prepared NiO particles - Figure 2). The
observed discrepancies between the experimental results could be
explained in term of the differences in the composition of the used
commercial gelatin.

Based on Figures 1 and 2, it can be concluded that the obtained NiO
nanoparticles had a lot of similarities in size and structural properties (the
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diffraction maxima ascribed to the NiO phase in both samples appeared
very similar). For this reason, the investigation of the properties of NiO
nanoparticles continued with the sample containing pure NiO
nanoparticles.

FTIR measurement

To investigate the surface of the prepared NiO nanoparticles, the
FTIR spectrum was recorded in the mid-wave infrared region, between
2000 and 400 cm™. Figure 3 presents the spectrum in the range 1300 -
400 cm™, since in the region 1300 - 2000 cm™ the curve is presented as
a straight line.

Transmittance (a.u.)

12‘00 10‘00 B(IJD ‘ E(IJD ‘ 400
Wavenumber (cm™")
Figure 3 — FTIR spectrum of the sample prepared without using NaOH

Puc. 3 - FTIR cnekmpa obpa3sua, noGzomosneHHozo 6e3 NaOH
Cnuka 3 — FTIR ciekmap y3opka npunpemrbeHoe 6e3 NaOH

In the low-wavenumber part of the spectrum, there is a shoulder
noticeable around 530 cm™ and it can be ascribed to Ni - O vibration
(Rahdar et al, 2015). A small peak at 640 cm” could be ascribed to
stretching vibrations of the Ni - O - H bond (Rahdar et al, 2015). The
observed vibrations confirmed the formation of NiO nanoparticles
although the positions of both vibrations were shifted to higher
wavenumber values, which is often a consequence of the presence of
moisture in the sample. This is confirmed by the presence of a broad
bond around 1080 cm™. Since one of the precursors in the synthesis was
gelatin, and having in mind that C - O and C - C vibrations appear in the
FTIR spectrum in the region 1090 - 1050 cm™ (Faust, 1997), the
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observed bond points to the presence of gelatin carbon residues
attached to the surface of NiO nanoparticles. It is important here to notice
that the observed gelatin moisture is present after annealing at 700 °C,
although Chuaynukul et al found that the degradation of gelatin occurred
around 250 °C (Chuaynukul et al, 2014). This is a neither usual nor
surprising result, since literature data reveal a well-known fact that
substantial variations in the compositions of many commercial gelatins
result in shifting gelatin degradation temperatures (Ling, 1978).

According to Figure 2 and Figure 3, it can be assumed that the
investigated sample contained NiO nanoparticles, and that carbon
residues were attached to the NiO nanoparticle surface.

Raman measurement

The Raman spectrum of the investigated sample in the spectral
range from 100 to 1200 cm™" is shown in Figure 4.

i
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Figure 4 — Raman spectrum of the sample prepared without using NaOH
Puc. 4 — PamaHoeckutll cnekmp obpa3sua, nodzomoeneHHoz2o 6e3 NaOH
Cnuka 4 — PamaHcku criekmap y3opka rpuripemsbeHoe 6e3 NaO

It can be easily observed that Figure 4 is in accordance with Figure
3. The peak about 530 cm™ points to the presence of NiO nanoparticles,
and arises due to the Ni-O stretching mode (Cordoba-Torresi et al,
1991). The mode around 1085 cm™ depicts the appearance of carbon
moisture. The results obtained by using Raman spectroscopy confirmed
the data observed by FTIR spectroscopy.
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To understand the observed results, it is important to elucidate the
mechanism of the formation of NiO nanoparticles by using gelatin in the
synthesis procedure.

In literature, the chemical content of gelatin is often described as a
mixture of hydroxyproline (CsHgNO3), proline (CsHgNO,) and glycine
(C2oHsNO,), in different ratios (Jagadeesh et al, 2016). The sequence that
describes gelatin, Gly-X-Y (where Gly refers to glycine, and X and Y are
proline and hydroxyproline, respectively (Samouillan et al, 2011)),
presents the triple helical structure of three left-handed polyproline type
helices twisted into a superhelix. Thermal treatment initiated triple helix
unfolds to produce random chains of gelatin (Harrington & von Hippel,
1969), that could be covalently linked to each other or not, depending on
the annealing temperature (Privalov et al, 1979) (Balian & Bowes, 1977).

The proposed mechanism of the performed synthesis could be
described in terms of the reaction between nickel salt and glycine:

NiCl,-6H,0, +C,H;NO,, —[NiCl,(C,H;NO,(H,0),)],

Fleck & Bohaty (Fleck & Bohaty, 2004) pointed out the main
characteristic of this compound - containing helical chains of [NiO4Cly]
octahedra connected by glycine molecules. It is noteworthy that literature
data reveal that octahedral nickel-chloride complexes are characterized
by a low value for the octahedral Ni-Cl bond order, which is caused by
steric interactions between CI° and other ligands in the octahedral
coordination sphere (See et al, 1998). Accordingly, the annealing
process results in the release of chloride ions and their transformation to
chloride gas. As a result, NiO nanoparticles containing surface organic
impurities (originated from glycine molecules that connected [NiO4Cl;]
units) are obtained.

It is important to notice that gelatin could be obtained from vegatable
origin (algae), or from animal origin (fish or bovine). Also, literature data
confirmed that different manufacturers sometimes add formaldehyde or
glutaraldehyde in the gelatin preparation in order to ensure hardening of
gelatin (Chiellini et al, 2001). Since the chemical composition of gelatin
varies dependent on the origin of gelatin, as well as on the manufacturing
procedure, the purity of NiO nanoparticles could be improved by varying
the synthesis parameters, which could be done by two different
approaches: to change the type of gelatin, or to use gelatin manufactured
by different producers.
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SQUID measurement

Although SQUID measurements allowed the investigation of the
magnetic properties of the sample, this type of examination is important
for the estimation of the suitability of NiO nanoparticles for gas sensing
application due to the coupling between the electric and magnetic fields
in the NiO nanoparticle system. Since NiO nanoparticles showed
different magnetic properties dependent on the type of synthesis and
their structural properties, a significant deviation from the desired
magnetic properties could be ascribed to the alteration of NiO electronic
properties.

The hysteretic loops of the sample are shown in Figure 5.
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Figure 5 — M(H) curves of the sample prepared without using NaOH
Puc. 5 — M(H) kpusebie obpa3sua, nodzomoeneHHoz2o 6e3 NaOH
Cnuka 5 — M(H) kpuse y3opka npunpemsbeHoz 6e3 NaOH

Recording the hysteretic curves enabled the estimation of the
intrinsic coercivity field value (Hg; = 65 Oe) and saturation magnetization
(Ms = 0.55 Oe). The obtained Ms value is expected for NiO nanoparticles
(Taghizadeh, 2016). It is shown in literature that although bulk coercivity
of NiO is around 0.8 Oe, NiO nanoparticles showed increased averaged
coercivity due to size effects (around 49 Oe) (Taghizadeh, 2016).
Accordingly, the coercivity observed in Figure 5 is characteristic for NiO
nanoparticles.
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It is noteworthy that the measured hysteretic loops possess
constricted middles, so-called "wasp-waisted" curves (Tauxe et al, 1996),
that are often oversimplifyingly interpreted, which could result in
erroneous conclusions. This shape of the curves could be a
consequence of the presence of other phases in the samples. If we
consider Figure 1, the presence of other phases is unlikely. Another
reason of the modified shape of the hysteretic curves could be the
presence of the surface moisture reflecting in the lowered saturation
magnetization value and the modification of other hysteretic parameters
(Durmus et al, 2011), (Lu et al, 2002). Since the investigated sample
showed the Mg and H; values characteristic for NiO nanoparticles, it is
clear that the observed feature could not appear for this reason. For a
more precise interpretation of the magnetic properties of the investigated
sample, in-depth magnetic investigation consisting of the application of
different measurement protocols and a comprehensive interpretation of
the obtained results should be carried out.

Conclusion

This article presents a preliminary investigation of the properties of
NiO nanoparticles that could be used for the preparation of sensors for
H.S gas detection. Two samples are obtained by a combination of the
coprecipitation method and the annealing treatment at 700 °C for 30
minutes. XRD measurements of the samples have revealed that the
presence of NaOH in the synthesis route influences the purity of the
samples. The samples obtained by using NaOH contained moisture -
NaCl; the observed moisture could be eliminated by washing the sample
with a significant amount of water. The sample prepared without NaOH
contained pure NiO nanoparticles. FTIR and Raman spectroscopy have
confirmed the presence of carbon moisture in the form of C-Cor C -0
bonds, attached to the surface of NiO nanoparticles. The noticed
obstacle could be overcome by using commercial gelatin of some other
producer, which would experience thermal degradation at Ilower
temperatures. Hysteretic measurements have revealed the presence of
wasp-wasted curves although the Ms (0.55 emu/g) and Hci (65 Oe)
values are characteristic for NiO nanoparticles. Further investigation will
be performed in the future.
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Notations and symbols

ATR - attenuated total reflection

dcr - crystallite diameter

FTIR - Fourier transform infrared spectroscopy

hkl - Miller indices of the plane

H. - intrinsic coercivity field

M;s - saturation magnetization

SQUID - superconducting quantum intereference device
XRD - X-ray diffraction

A - Cu Ka radiation wavelength

8 - Bragg angle
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XAPAKTEPUCTUKMN HAHOYACTUL, NiO, MOAroTOBJIEHHbLIX C
NMOMOLWbKD XENATUHA TP MNMPOCTOM W HEOOPOIOM
METO[JE OBOBLEHWA

Buonemma H. Hukonuy®, Mapmura . Fwnmqs, Boucnas B. Cnacoesuy?®

@ Benrpaackuil yHMBepeuTeT, MHCTUTYT siaepHbIX Hayk ,BuHua“,
JlaBGopaTtopusi TeopeTmyeckon prsnkn n hUsnKn KOHOEHCUPOBAHHOMO
CocrtosiHus, 1. Benrpag, Pecnybnvka Cepbusi

o Benrpaackun yHnsepcutet, VIHCTUTYT pr3unku,
JlaBGopartopusa ansa nccnenosaHuii B 06nacTy SNeKTPOHHbIX MaTepuarnos,
r. benrpag, Pecnybnuka Cepbus

OBJIACTb: xumn4yeckme TexHomnormm
BWO CTATbW: opurmHansHas Hay4Has ctaTbs
A3bIK CTATbW: aHrnuickumn

Pe3some:

Hanokommno3sumHbie mamepuarsbl, codepxaujue HaHovYacmuuybl NiO,
HaHeceHHble Ha HaHorposoda WO; MOXHO ucnosib3oeampe Ofs
MOHUMOpPUH2a yposHs H,S-easa. OdghgpekmusHocms OaHHO20
Mamepuana 8 OCHO8HOM ornpedenisemcsi ceoticmeamu smana NiO.
lNposedeHHoe uccnedosaHue npedcmasrnissem cobol rnepsbili amar 8
rnodzomoske ModugpuyuposaHHozo mamepuasna NiO/WQs. B daHHoU
cmambe rpedcmassieHo nonyvyeHue HaHodyacmuy NiO npocmbeiM u
Hedopoaum Mmemodom obobweHus. [losedeHue HaHOpa3MepHbIX
yacmuy, NiO uccnedyemcs ¢ noMowbo peHmMa2eHO8CKoU dugbpakuyuu,
UHGbpakpacHoU  criekmpockonuu ¢ @ypbe-peobpazosaHuem,
pamMaHOoB8CKOU CrieKmpOoCKOMuUU U 2UCmepe3ucHbIX U3MepeHUU.

Knouesnle croea: NiO, OugbpakyUOHHbIE U3MEepEeHUS,
CMEKMPOCKONUS, HaHoYacmuuybl, Mamepuaribi.

KAPAKTEPU3ALMJA NiO HAHOYECTUUA NMPUMNPEMIBEHNX
MOMOTRY XEJIATUHA TOKOM MOCTYTKA ,LOW-COST” CUHTESE

Buonema, H. Hukonuh?, Mapmuna [l. Tunuh®, Bojucriae B. Cnacojesuh®

@ YnusepauteT y Beorpaay, IHCTUTUT 3a HykneapHe Hayke ,BuHua”,
JlaBGopaTtopuja 3a Teopujcky pr3unKy 1 usnky KOHAEH30BaHe MaTtepuje,
Beorpag, Penybnuka Cpbuja

e YHuBepautet y beorpagy, MHCTUTYT 3a purauky,
NabopaTtopuja 3a nctpaxveara y 06nact enekTpoHCKUx matepujana,
Beorpag, Penybnuka Cpbuja

OBJIACT: xemujcke TexHonoruje
BPCTA YJTAHKA: opyrnHanHu Hay4Hu YnaHak
JE3VWK YJTAHKA: eHrnecku
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Caxemak:

Harokomno3umHu mamepujan Koju cadpxu HaHovyecmuue NiO HaHeme
Ha WOj3; HaHoXuue Moxe ce Kopucmumu 3a MOHUMOpUHe Hugoa H»S
eaca. EgbukacHocm oeoz mamepujana Hajeehum je deriom odpeheHa
ceojcmeuma NiO ¢paze. MssedeHa cmyduja npedcmasrba rpsy hasy y
npurnpemu modugpukosaHoe mamepujana NiO/WOs;. Y osom pady NiO
HaHodecmuue cy rpunpemrbeHe jedHocmasHuM Jow-cost” memodom
cuHme3se. lNoHaware HaHocmpykmypHux NiO Yecmuya ucrnumueaHo je
peHmMaeHcKoM  QugbpakyujoM, UHGpaupe8eHoOM CrEKMPOCKOMNuUjoM ca
Qypujeosom  mpaHcopmayujoM, pPamMaHCKOM  CreKmpOoCKonujoM u
XUCMEPE3HUM MEPEH-EM.
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Summary:

This work presents a novel method for biometric identity verification for
newborn babies in maternity wards based on fingerprint minutiae. The
information system realized combines contemporary program languages
such as: Java and Python as object-oriented languages, C programming
language for device programming as structural (line) and SQL for storing
encrypted data in a relational database management system. Also, there
is the RSA asynchronous cryptographic algorithm as well as keys for
storing the encrypted data of fingerprint minutiae. The information system
implements a device for biometric verification of maternity i.e. a dual
fingerprint scanner that provides data of mother’s and baby’s fingerprints
at the very moment of childbirth and further guarantees maternity for each
newborn baby with 100% accuracy, by generating a unique ID reference
and encrypting these data with cancelable biometrics. This is a novel
method for determining identity based on baby’s fingerprint minutiae.

Keywords: biometry, fingerprint, security, baby, method, information
system.
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Introduction

Biometry is a scientific and technological discipline that measures
and analyzes biological characteristics of people. It is part of advanced
security systems widely used in today’s modern society and protection
systems.

Fingerprints and their minutiae represent the highest level of
persistence in biometry and the lowest possibility of compromising the
data - that is why the aim of this novel approach is based on it,
implementing a device for biometric identification based on this part of
biometry.

This device scans fingerprints and put into storage encrypted
personal data in order to prevent any possible theft or switching of
babies’ identity with 100% accuracy. It has one goal - to confirm
maternity for each newborn baby in hospitals. Scanning finger minutiae
from both the baby and the mother, at the same time, at the very moment
of childbirth, generates a unique reference and binds it with scanned
data. It provides total protection and removes potential fears - it is a
guarantee of identity. By encrypting these data, the whole process is
raised to the highest level of security in any maternity ward worldwide.
This novel method completely removes fear that almost every mother
has in this period, i.e. it removes the question: “Is this my baby?”. This
method presents a new implementation of information technology
security in the public health system and upgrades it to a higher level.

This novel method encapsulates three main parts: information
system, device for biometric identification of a newborn baby, and
procedures needed to be realized so that the new approach could be
implemented. It solves one huge human problem - possible theft or
switching of identities of newborn babies; it also removes fears that
women have at the moment of childbirth, and makes it easier for
gynaecologists, midwives and nurses.

This work will also present all the functionality that the device
possesses, how to build the model (in figures), a picture of a cross-state
and how it is designed and developed. We will give possible advantages
and benefits representing a qualitative leap in public health care systems,
precisely in maternity wards over the globe.

It is possible to establish wireless communication and storage types
for fingerprints scanned from mothers and babies simultaneously at the
moment of childbirth and generated with a unique identity reference
which will be encrypted and will guarantee maternity in 100% for every

baby.
(54D



The innovation is placed in the field of Applied Information
Technology, Biometry Systems: the device will be a dual fingerprint
scanner — with two fields scanning simultaneously (one mother’s and one
baby’s finger); after that, the device will allocate a unique Identification
reference which will be the Identifier for each mother-baby pair for every
newborn baby in maternity wards. It is listed in the International
Classification of Patents, classified under GO06F21/00 i.e. Biometry
Systems.

Solving a technical problem

The main technical problem which has to be solved with this new
method consists of:

- Building a solution for our device — a dual fingerprint scanner for
scanning fingers of the mother and the baby at the very moment of
childbirth. This device will differ slightly from today’s existing classic
fingerprint scanners - it will have two fields for scanning fingers of two
different persons (mother and baby). After this process, the device will
encrypt data and store them.

- It will be effective, highly practical and easy to work with, easy to
control and manipulate. Its maintenance is easy, classic and similar to
other fingerprint scanners. Besides scanning two fingers of different
persons at the same moment, it will provide a unique ID reference (like a
Primary Key) which will be a basis for every scanned mother-baby pair.

- The realised Information system (IS) presents an optimal solution
for this type of work defining strict procedures needed to be obeyed.
Also, the IS will implement IT technology in public health systems.

Main technological overview

In today’s known technical devices, various fingerprint scanners use
secure algorithms to determine and verify identity of individuals. In the
Serbian National Patents base, there are no similar devices which
consider this aim; namely, there are no dual biometric scanners which
contain their own light and power supply. (Kaplan-Sandquist et al, 2014,
pp.68-77)

Today’s biometrics devices can scan one or more fingers from one
person, and then from another person, but there are not fingerprint
scanners which scan fingers of two different people at the same time on
one device, especially not devices which during scanning create a unique
reference which will be linked to the record of fingerprints scanned and
earlier stored data. (Elgendi, 2012, pp.14-25)

=
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This scanner will possess two fields for scanning one or more
fingers of two different people (mother and baby) and in that moment will
generate a unique ID reference which will secure that record of
fingerprints.

The question is: Can Biometry and its part — fingerprint scanning be
applied for two people at the same time with one device?

It definitely can, and it will be realized with high quality, which will be
shown in this work and Patent — Innovation presentation. This is a device
for biometric verification of maternity. Further development of the
functionality of this device will deal with the implementation of encrypted
data which will carry the information about two people (mother and baby)
and will be bound by a unique ID reference.

Today’s patents and devices and present scanners do not have
similar functions, and, most importantly, do not have a fingerprint
scanning possibility for two people at the same time.

The published Patent Confirmation 13848069.4 of April 2" 2013,
with Remark W02014059761 and Classification GO6F21/00, shows a
classic scanner named “Fingerprint identification device”, describing a
device which has a scanning function and acquires data about a
fingerprint of a person (extractor software for minutiae'). (Moujahdi et al,
2014, pp.189-196), (Elgendi, 2012, pp.14-25)

However, this device does not have two fields for scanning fingers of
two different people at the same time, which in the same time generates
a unique unchangeable ID reference which will be an additional
guarantee of person’s identity and a guarantee of maternity for each
newborn baby.

Another important aspect is the question of economy and time
needed for scanning both persons’ fingerprints with supporting
information technology (/T) in the future of the existing system which now
provides only one person’s data. This innovative device provides
improvements in economy and time spent during the process of
scanning, enabling lower costs for each device, with benefits of less time
needed for processing data obtained from an image of the finger
scanner. The device also gives an optimal solution for the resource
usage in the case of processing data acquired during the process of
fingerprint scanning, particularly when considering the memory usage
and the activity of the microcontroller — the Central Processing Unit
(CPU).

! Minutiae — fingerprint specific points visible on a finger image

<>



Finally, regarding all these benefits, both hardware and software, the
device will provide a qualitative jump in health care systems of every
country where it is implemented as well as in IT industry — Biometry in
particular.

Information system

The Information system created for this new method of baby
identification based on fingerprints consists of parts for acquiring data,
encrypting, storing and verifying data. The next step is following the
procedures needed to be done. The figures show the Use Case and the
Sequence diagram for this Information system.

T e T

seCase

Pa {\ )
N _lfrnm Patent,)

tijm

Patent Device I

v +ID_Ref
GUI hospital +IName
+baby name
+mother finger
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“+.personal ID
+iGeneratel)
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e | PARENT Baby (.
+Fingerprint one - ohe +minutiae
+MName +

+ Personal ID Bab
+Generate

Parent +Generate(} | +{Store() 0 4

+Store()

asignals
RealTime
(frem GUI birthplace )

Figure 1 — Use Case diagram of the Information system
Puc. 1 - Juazpamma crnyyaes npumeHeHuss MHgbopmayuoHHOU cucmemsl!
Cnuka 1 — [ujacpam cny4yajesa yriompebe UHghopmayuoHoe cucmema
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This Use Case diagram shows the members of this new information
system based on their roles. They are strictly determined by every role
they have in hospital.
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Figure 2 — Diagram of the information system sequences
Puc. 2 — Quazpamma nocrnedosamenibHocmel MHgopMayUoOHHOU cucmembl
Cnuka 2 — Jujazpam cekseHUu UuHghopMayluoHoe cucmema

Can baby fingerprint minutiae be acquired?

The main purpose of this device, a dual biometric fingerprint
scanner, is to scan the fingerprints of the mother and the newborn baby
at the same time at the very moment of childbirth. It has two fields, one
larger with a classic scanning resolution of 500 dpi and another
physically smaller but with a larger scanning resolution — minimum 1000
dpi so it can make scans of a baby fingerprint that is very small. (Lalovic,
2018, pp.366-379) (Lalovi¢ et al, 2016ab), (Ferguson et al, 2013, pp.67-
72)

In Biometry as a branch of advanced security systems, Discipline -
Informatics and Computing, Science Field - Natural Sciences and
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Mathematics, there is a scientific fact, better to say an axiom, that a
fingerprint is formed during the prenatal period for every fetus and
it stays constant in the shape of minutiae during the whole life.
(Moujahdi et al, 2014, pp.189-196), (Elgendi, 2012, pp.14-25), (Kaplan-
Sandquist et al, 2014, pp.68-77), (Lalovi¢ et al, 2016ab, pp.65-81),
(Lalovi¢ et al, 2015, pp.293-302)

According to many research studies realized on fingerprints of
fetuses, using ultra waves and biometry scanning, the minutiae on each
finger are formed by the end of 7" month during pregnancy. It is
important to mention that babies born prematurely, during 8" month, and
also by the end of 7" month of pregnancy, have already formed
fingerprints on all fingers and toes. (Anil, 2008), (Gutiérrez-Redomero
et al, 2014, pp.199-207), (Elsevier, 2014, p.12), (Dahlen & Caplice, 2014,
pp.266-270)

This scientific fact is essential for our patent and this device, this
research and this project realization that will provide a qualitative jump in
gynaecology, midwifery and nursing in every hospital in the world.

The 100% guarantee of baby’s identity and maternity for each
newborn baby will be simultaneous scanning of the mother’'s and the
baby’s fingerprints at the moment of childbirth, when the mother sees
her baby for the first time. Doctors and nurses measure the weight and
height of the baby, and then clean one of baby’s fingers with alcohol or
some other liquid and place it on the smaller field of the fingerprint
scanner together with the mother’s finger on the larger field of the
scanner so that the device scans and generates a unique ID reference
for that mother-baby pair. And this is the crucial proof that a particular
newborn baby is given birth from a particular mother. After a few days,
when the mother and her baby are to leave the maternity ward, the check
is made on the same device which confirms baby’s identity via the stored
ID reference of that particular mother-baby pair. That procedure will bring
about new quality, it will prevent any possibility of making errors. (Lee et
al, 2012, pp.1253-1254), (Juhola et al, 2013, pp.42-50), (Macek et al,
2015, pp.43-60)

Since the fingerprint minutiae — ridges and valleys are the only
biometry that is formed prenatally, they can be used for the purpose of
biometry identity guarantee. The whole idea for this Patent Innovation is
based on this science fact confirmed by both biometry systems as
computer science and gynaecology — midwifery as branch of the health
care protection system. (Anil, 2008), (Gutiérrez-Redomero et al, 2014,
pp.199-207), (Grzybowski & Pietrzak, 2015, pp.117-121).

>
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Other biometrics such as iris recognition is unstable because, until
children are 4" year old, the pigmentation in their eyes changes in shape
and color, so it cannot be used for this purpose. (IEEE, 2011, pp.32-46)

The head, the hand and the body shape and size rapidly change
during growing up so it is clear why they cannot be used either. The
scientific fact that the fetus fingerprint is formed prenatally by the end of
7" month in the belly of the pregnant mother and that it stays constant
throughout the whole life with the same construction of minutiae is so
incredibly amazing. (Anil, 2008), (Grzybowski & Pietrzak, 2015, pp.117-
121)

There are a number of various fears during the childbirth process
coming from both the mother and the medical care staff in maternity
wards. Based on the research carried out in Australia and New Zealand
from 2009 to 2011 and 17 workshops with over 700 midwives, one of the
biggest fears is dealing with the unknown (n=32). This device can help in
reducing a part of it (Grzybowski & Pietrzak, 2015, pp.117-121)

All the data obtained during the process of mother's and baby’s
fingerprint scanning, together with the unique ID reference, are encrypted
and stored into the device memory or onto a server in the encrypted
form. The device is neither open access nor available for public, it is
intended just for authorized nurses, doctors and midwives in maternity
wards. (Gutiérrez-Redomero et al, 2014, pp.199-207), (Grzybowski &
Pietrzak, 2015, pp.117-121)

Further on, maternity is confirmed for each mother-baby pair when
an authorized person — maternity ward representative and the mother
enter the PIN? code that only they possess for their data. Changing the
stored data will be disabled and the identity of a newborn baby is
guaranteed 100%; therefore, there is no possibility of making a mistake
during this process with the patent device.

In every moment, it is possible to check maternity for every baby in
each maternity ward worldwide. The information stored in the device or
server with its backup copy are always in the encrypted form and there is
no possibility of corrupting or deleting this data. The possibility of
archiving data is enabled after the confirmation of the mother that
everything is normal and after the mother-baby pair has left the maternity
ward - that is the moment when a need for the guarantee of maternity in
the maternity ward is no longer necessary.

The last check is performed at the moment when the mother and the
baby are to leave the maternity ward. The device scans the mother’s and

2 PIN — Personal Identification Number
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baby’s fingers simultaneously, compares them with the existing
encrypted data stored at the childbirth moment for that pair and if the
verification is successful — It is your baby! There is no place for fear
neither for mothers nor for nurses, doctors, or midwives.

With this device and procedure, a possibility of making a mistake is
avoided. The device and the system guarantee baby’s identity 100% for
every newborn baby. It prevents any possible theft or switching of baby
identities, which unfortunately probably happened in some parts of the
world, especially in South-East Europe, Balkan peninsula, and countries
of the former Yugoslavia. The device will now be proof and evidence of
maternity for newborn babies.

The patent inventor took Maternity symbolically because, for all
living beings, the strongest instinct in the nature is that of a mother. As a
respect to that instinct, the inventor decided to verify the mother’'s
fingerprint together with the baby’s and to make a unique ID reference
that no one could change or delete. The cost is not high for this
information system so it can be installed in every maternity ward of health
care systems in every country.

Benefits with this new method

This new method which combines an information system and a
device for biometric identification of newborn babies based on
fingerprints provides:

- proof and evidence of maternity for every newborn baby,

-no possibilities of stealing or switching identities of newborn babies,

- safety for all future parents in maternity wards,

- cost-effectivenness, and

- wide range of applications.

It is portable, small and light, as well as environmentally friendly.

For a better understanding of the functionality and application of the
device and its practical realization, there are three figures that show the
device from different aspects and the cross-section of the patent device.

Figure 3 shows the device for biometric identification of maternity
with a digital display, a switch and two fields for fingerprint scanning. The
details in the figure are marked as follows:

B — Body of device, | — Ignition switch which can be in two positions
(on/off), and can be connected with timers for delayed on/off. D — Display
of the device for displaying all current activities in real time, such as start
of scanning, success of process, results of generating unique ID
references generated during the process of fingerprint scanning.

o
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S — Set button for starting the scanning process and reading the
parameters obtained by fingerprint scanning. R — Reset button for
resetting the acquired and processed data, after storing them. R1 —
Command button to save and store data after the scanning process.

S1 - Field for fingerprint scanning of a baby’s finger, much smaller
than the field for mother’s fingerprint scanning. S2 — Field for mother’s
fingerprint scanning, larger that the S1 field.

e

R1 :\o

B ,ﬁo

R// @ O
N~

S1

s2

Figure 3 — Detailed description of how the device operates
Puc. 3 — NodpobHoe onucaHue pabomsbi ycmpolcmea

Cnuka 3 — [lemarbaH npuka3s QyHKyuUoHamHocmu ypehaja

The device, started by switching P in the ON position, displays that it
functions normally and that there are no errors. Pressing the S button
starts fingerprint scanning on both fields (S1 and S2) at the same time,
with both mother’s and baby’s fingers being already placed on the fields.
After the scanning, pressing the R1 button will store the data and a
unique ID reference is shown on the display D. The ID reference can be
both numerical and alphanumerical (number systems can be octal,
decimal, binary or hexadecimal). The main fact is that the generated ID is
unique.

Acquiring an algorithm in a pseudo code

Here is the algorithm in a pseudo code listed to present the logic and
all possible features of the software that the device possesses and to
explain in detail how the whole system is planned to fulfill its purpose and

e



to provide new quality by implementing information technologies. (Lalovi¢
et al, 2017)

01 BEGIN

02 LOOP1TO3

03 FIELD-1 F1 SCANN

04 IF F1 OK THEN GOTO GENERATE UNIQE ID
ELSE IF LOOP <3 GOTO END

05 LOOP1TO3

06 FIELD-2 F2 SCANN

07 IF F2 OK THEN GOTO GENERATE UNIQE ID
ELSE IF LOOP <3 GOTO END

08 GENERATE UNIQE ID

09 GENERATE PIN

10 ENCRYPTING DATA

11 GENERATING HASH VALUE

12 STORE AND SAVE DATA

13 DISPLAY SUCCESS MESSAGE

14 END

Possibilities of further development

This novel method implements a completely new device with the
idea of a biometric verification of maternity and scanning of each
newborn baby which can be used as a model in public health systems of
all countries. Similar biometric systems can be further developed in day-
care centers and in preschool institutions where there are various
problems regarding constant monitoring of small children.

Beside this primary purpose, it can also can be used as part of much
larger health care systems dealing with small children (pediatrics) where
it can be used in providing basic data about possible allergies or some
specific details of each child thus making improvements in that part of
health care systems at the global level.
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Conclusion

This novel model encapsulates the benefits from three various
projects: Patent device, information system and Safe birthplace project. It
can improve the level of public health in the Republic of Serbia. The
system is modular, it can be updated and, most importantly, it can be a
basis for some future developments in biometrics systems. The device
can be applied in many countries in a battle against organized crime and
can help prevent theft or replacement of newborn babies, especially on
territories with low IT infrastructure and technological development.

Each biometrics tends to minimize both FAR3 and FRR4 in order to
be much more accurate and secure. This device accomplishes this goal
since it combines two scanned data and its accuracy grows
exponentially. In modern loT (Internet of things), most countries try to
provide new quality of health care services, help staff in maternity wards,
make the process of childbirth much easier, and more relaxed in some
ways for future mothers as well as for gynaecology doctors, midwives,
nurses, and others.
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HOBEMLWWA METOL I/I,EI,E!-|TVI¢I/IKAL|,I/II/I HOBOPOXOEHHOIO
PEBEHKA, OCHOBAHHbBIV HA OTIMNEYATKE MAJIbLA
KomneH I. Nanosuy®, MeaH A. TOTG, MnadeH B. Tp|/||<0|.u6
@ KWUT - Konnemx MHOPMaLMOHHBIX TEXHOMOMMI,
r. benrpag, Pecny6nuka Cepbus
YHuBepcuTeT 060opoHbI B . benrpaa, BoeHHas akagemust,
Kadheapa nHhbopmMaumoHHbIX CUCTEM Y TENEKOMMYHUKALNOHHOWN NHXEHEPUMU,
r. benrpag, Pecnybnuka Cepbus

OBNACTb: hdhopmaumoHHbie TexHonorun (UT), naTeHT
BWO CTATbW: opurmHansHas Hay4Has ctaTbs
A3bIK CTATbW: aHrnuinckun

Pe3swome:

B OaHHOU pabome onucaH Hosbili Memod buomempuveckol
udeHmuguKkauuu HOBOPOXOeHHbIX Oemeli 8 poldurbHbIX domax, Ha
OCHOBaHuUU MUHyuud (npusHakos) omrevyamka nasbua.
UHpopmayuoHHas cucmema KOMOUHUPYyem 8ce cyulecmeyroujue s3biKu
rpospamMmuposaHusi, makue kak: Java u Python e o06bekmHo-
OpUEHMUPOBaHHOM rpoepammuposaHuu, C £A3bik Onsi CMpPYyKMypHO20
npogpamMmuposaHusi ycmpolcme (nuHelHblx) u SQL 0Ons xpaHeHus
3awuchposaHHbIX OaHHbIX 8 CcucmeMe yrpaesieHuUsl PensyUOHHbIMU
6asamu OaHHbIx. Kpome moeo, ucrions3yemcs RSA anzopumm
accumMempu4yHoO20 WughposaHuss U KoYu  (Mapornu) Ons  XpaHeHUsi
3awugposaHHbIx MUHyUul omredyamkos nanbuyes. VIHghopmayuoHHas
cucmema, sHedpsiem ycmpolicmeo onsa buomempuydeckol
udeHmucgbukayuu mMamepuHcmea 8 sude 0OHOBPEMEHHO20 O8YMEPHO20
buomempu4yecko2o  ckaHepa, npedocmaernsouezo  OaHHble 00
omre4yamke nanbya Mamepu U HOBOPOXOeHHO020  pebeHka,
HernocpedCcmeeHHO I10Csie e20 POXXOEHUS, Ymo 8 medeHue darnbHelwea0
npoyecca O/IHOCMbIO eapaHmupyem npedomepaluyeHue
rnomeHyuansHoU oracHocmu om MoOMeHbl HOBOPOXOEHHO20 pebeHka,
mak Kak rpuobpemeHHble daHHble ceeHepuposaHbl 8 eOuHbIl V] koo,
3auwiugpposas buomempuyeckue OaHHbIe, C 803MOXHOCMbIO OMMEHbI. B
cmambe Mbl ripedcmasrnseM Hogellyo CucmeMy, OCHOBaHHY0 Ha
CHAMUU OmeYamkos nasnbuya, Komopyto Mbi paspabomarnu.

Knovessie crnosa: 6uomempus, omnedyamok nasnbya, 6e3o0nacHocmes,
HOBOPOXOEHHbIU pebeHOK, Memod, UHGhOpMaUUOHHas cucmema.

HOBW METO[ 3A OOPEBVMBAHE MOEHTUTETA
HOBOPOBEHYETA, BACHOBAH HA BUOMETPUNJN OTUCKA MNMPCTA
Komnen I'. Nanosuh®, UeaH A. TOT6, MnadeH B. Tpv||<ou.|6
@ UTC — Bucoka LKkona CTPYKOBHUX CTyAuWja 3a MHAOPMaLMOHE TEXHOMOTMje,
Beorpaga, Peny6nvka Cpbuja
YHuBepauteT ogbpaHe y beorpagy, BojHa akagemuja,
Katenpa nHdopMaumoHnx cuctema 1 TeNeKOMYHUKaLMOHOT UHXeHepCTBa,
Beorpag, Penybnuka Cpbuja
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OBJIACT: nHdopmaumoHe TexHonoruje, naTeHT
BPCTA YJTAHKA: opyrnHanHu Hay4Hu YnaHak
JE3VK YJTAHKA: eHrnecku

Caxemak:

Osaj pad npeseHmyje Hosu rnocmynak buomempujcke udeHmugbukayuje
HosopoheHux 6eba y rnopodunuuwimuma Koju je 3acHogaH Ha MUHyUujama
omucka npcma. IHgbopMayuoHu cucmem Koju je peanu3oeaH KOMOUHyje
cee OaHawHe rpozspaMcke jesuke kao wmo cy: Jasa, [llajmoH y
objekmHo-opujemucaHom rnipoepamuparby, C rpospamMcKu je3uk 3a
rpoepamuparse ypehaja kao cmpykmupHu (nuHujcku) u SQL cucmem 3a
yrpasesbarbe penayuoHum baszama riodamaka 3a 4ysare. [loped moea,
Kopucmu ce RSA acuHxpoHu wughbapcku anzopumamM U Kiby4yeeu 3a
yyeare  wWughposaHux 8pedHOCMU  MUHyyuja omucka rpcma.
UHpopmayuoHu cucmem umrnemeHmupa ypahaj 3a buomempujcKy
udeHmucpukauujy podumerbcmea kKao OyanHu bUOMempUJCKU CKeHep
Koju Gaje nodamke 0 OMUCKY rpcma Mmajke u 6ebe npu camMom MOMEHMYy
pohera, WMo OmKMaka onacHocm 00 3ameHe HoeopoheHvyema.
leHepuwyhu jeduHcmeere ID peghepeHue u wughpyjyhu me nodamke ca
yaHuenabne buomMempujoM. pasgusnu cMo jedaH nomMyHoO HO8U cucmem
U riocmynak 3acHog8aH Ha MUHyyujama omucka rpcma.

KmbyuHe pedu: buomempuja, omucak rnpcma, 6e3bedHocm, 6eba,
memoda, UHGhOPpMayUOHU CUCMEM.
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Summary:

The aim of the paper is to make an analysis of the efficiency of selected
transport units in the military logistics and military vehicles in carrying out
the tasks of cargo transport using the method of stochastic frontier
analysis (SFA) and the data envelopment analysis (DEA), and creating
the basis for further investigation of the parameters that influence the
efficiency of military transport units and military vehicles. The research
was carried out in ten military transport units intended for the realization of
tasks dealing with the logistic function of movement and transportation.
The efficiency analysis was done for military vehicles used for carrying out
cargo transportation tasks for the needs of supply and special needs of
command, units and military institutions. The data was obtained from the
software package used to monitor the exploitation of military motor
vehicles in the period of one calendar year. The results show that the
method selection has a major impact on the obtained technical efficiency
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assessments, and therefore on possible management decisions based on
the performed efficiency analysis.

Key words: efficiency, military transport units, military vehicles, data
envelopment analysis, stochastic frontier analysis.

Introduction

A modern military organization together with its missions and tasks
in the function of state defense cannot be imagined without its dynamic
determinant i.e. its transport and transportation system that allows it to be
mobile in its totality or in its parts. Increasing transport needs and
demands as products of more dynamic engagement of the military in
modern conditions, with a tendency of increasing efficiency and reducing
operating costs, make it complicated because of the existing
organizational structure of the management and transport units.

In the economy and society in general as well as in the military,
logistic processes are an important factor in the functioning of the
organization. The performance of the entire logistic system depends
largely on the performance of the transport system as its segment. The
efficiency of transport is thus imposed as a necessity in order to create a
predisposition of the defense system in response to the contemporary
challenges and threats to security in accordance with the needs and
possibilities of the state.

Efficiency is a very important indicator of a company business
analysis and it is one of the most basic and most used performances
(Andreji¢ et al, 2016). The essence of measuring efficiency in transport is
to improve efficiency.

The aim of this paper is to carry out an analysis of the efficiency of
selected transport units in the military logistics and military vehicles in
carrying out cargo handling tasks using the method of stochastic frontier
analysis (SFA) and the data envelopment analysis (DEA) in order to
create a basis for further research of the parameters that influence the
efficiency of the work of the military transport units and military vehicles.

The research was, therefore, carried out in ten military transport
units intended for the realization of tasks in the logistic function of
movement and transportation. The efficiency analysis was carried out for
military vehicles used for carrying out cargo transportation tasks for the
needs of supply and special needs of command, units and military
institutions. The actual data obtained from the software package used to
monitor the use and exploitation of military motor vehicles were used,
and they relate to a period of one calendar year.

oo
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The efficiency analysis was realized at three levels: first level -
efficiency of transport units, second level - vehicle efficiency, and third
level - vehicle efficiency within defined classes (clusters). The DEA and
SFA methods were used to evaluate and analyze the efficiency of
transport units and vehicles. First, the selected decision units (DMUs) of
relative efficiency were also defined. Then, the input and output
parameters suitable for assessing the relative technical efficiency of the
selected DMUs were determined, and then the corresponding DEA and
SFA models were selected. Finally, the DEA and SFA models were
solved and the results analyzed and interpreted.

Besides the introduction, the paper consists of four chapters. The
second chapter provides the basic remarks on the functioning of
transport in the defense system and defines the concept of efficiency.
The third chapter describes the SFA and DEA methods used in the work
to evaluate efficiency. The selection of the input and output parameters
and the results of the analysis are given in the fourth chapter. Finally, the
conclusion and directions for future research are given in the last
chapter.

Transportation function in the defense system and the
definition of the concept of efficiency

In accordance with the Rulebook on Transportation of Personnel
and Assets in the Ministry of Defense and the Serbian Armed Forces
(hereinafter: the Rulebook on Transportation) (Sluzbeni vojni list,
9/2013), transportation of personnel and assets in the Ministry of
Defense and the Serbian Armed Forces (hereinafter: transport) is
performed by units and institutions of the Serbian Armed Forces and the
Ministry of Defense dealing with the tasks of transporting personnel and
assets for their own needs, or for the needs of other units and institutions
in the Ministry of Defense and the Serbian Armed Forces.

According to the Rulebook on Transportation (Sluzbeni vojni list,
9/2013), the objectives of the movement and transportation function are
to provide conditions for satisfying transport needs of the Ministry of
Defense and the Serbian Armed Forces, the continuous performance of
transport tasks, as well as the economy, efficiency and effectiveness of
transport.

The general tasks of the movement and transportation management
encompass monitoring, analyzing and proposing measures for improving
the organization and use of transport and transport capacities of the army

(Dozet et al, 1988).
<>



According to the Rule on Transportation (Sluzbeni vojni list, 9/2013),
the principles of effectiveness and efficiency are:

- the principle of effectiveness which means that the planning and
realization of transport allow full satisfaction of the transport needs of the
military;

- principle of efficiency, which means that the transportation needs of
the army are met in a timely and efficient manner by using the
comparative advantages of each of the aspects and modes of transport.

On the other hand, in the Vujaklija’s Leksikon stranih reci i izraza
(Vujaklija, 1980), efficiency (lat. Efficacitas) is "action, activity, craftiness,
success"; while the term "effectiveness" is not mentioned. Gleason and
Barnum (1982) emphasize that the term "effectiveness" often means the
degree of accomplishment of goals ("doing the right things"), and under
the term efficiency - achieving these goals in the best way ("doing things
in the right way") (Andreji¢ & Kilibarda, 2017).

The efficiency of the vehicle refers to the minimal energy
consumption achieved by the design of the vehicle, but also by the
technologies of their use. (Andrejic & Kilibarda, 2017).

The use of military vehicles is carried out on the basis of acts of
command (orders, commands, instructions) or approved plans of use or
extracts from these plans. By coordinating the planning of the use of
military vehicles, the capabilities of the planner and the needs of the
users are coordinated, so that the same number of military vehicles
accomplishes a greater number of tasks during the day.

Planning in peace, organization and monitoring of the operation of
transport means are performed in accordance with tasks such as
transport of people and transport of cargo.

The paper analyzes the efficiency of only vehicles used for the
realization of cargo transportation tasks for the needs of supply and the
special needs of the commands, units and institutions of the Ministry of
Defense and the Serbian Armed Forces, all of which are freight cars and
terrain vehicles for towing and transport, regardless of their specific
purpose, and according to the plan of the competent body for
organization and planning of transport and transport.

Methods

Data Envelopment Analysis — DEA

In addition to using traditional measures, the assessment of the
organization's performance can be carried out using parametric and non-
parametric techniques. In practice, it is often necessary to consider

>
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multiple inputs and outputs that are diverse by their nature (financial,
technical, environmental) and are expressed in different measuring units.
Farel's technical efficiency measure (Farrell, 1957) allows the inclusion of
either multiple inputs or multiple outputs in the analysis. This
macroeconomic theory served as the basis for the development of the
Data Envelopment Analysis (DEA) as a methodology for assessing
efficiency.

The DEA method creators (Charnes et al, 1978) assumed that in
assessing the efficiency of units there should not be an objective
procedure for determining the values of weight coefficients. By
subsequent analysis, it is possible to show which of the units considered
are efficient and which are not. The DEA is a mathematical programming
technique that allows determining whether the entity, based on data on
its inputs and outputs, is efficient or not, relative to other entities involved
in the analysis.

There are a large number of models, given in detail in the overview
published on the occasion of 30 years of the development of the DEA
method (Cook & Seiford, 2009). The basic models and basic extensions
are described in detail in the doctoral dissertation (Marti¢, 1999)
published at the Faculty of Organizational Sciences.

DEA models with constant returns to scale

Let x; - the observed amount of input of the i-th type for DMU; (x; >
0,i=1.2,...m,j=1.2,..,n), and y; the observed amount of the output r-th
type of DMU; (y; > 0, r = 1,2,...;s, j = 1,2,...,n). Charnes, Cooper and
Rouds proposed in (Charnes et al, 1978) that for each DMUy, k=1,2,...,n,
the optimization task, known as CCR model, MODEL (M.1), should be
solved:

zuryrk
(max)h, == (1)
Zvixik
i=1
subject to:
zuryrj
= —x<1j=12...,n ()
Zvixij
i=1 3
u, 20,r=12,..,s ®)




v, >0,i=12,...,m (4)

where: hy — is the relative efficiency of k-th DMU; n - the number of DMUs
to be compared; m — the number of inputs; s — the number of outputs; u,
— the weight coefficient for the output r; v; - the weight coefficient for the
input i.

The relative efficiency of h, for DMUy is defined as the ratio of the
weights of its outputs (virtual output) and the weights of its inputs (virtual
input). The CCR ratio model calculates total technical efficiency that
includes both pure technical efficiency and efficiency as a result of
different business volumes.

Since condition (2) is valid for the k-th DMU required for the
maximum efficiency (1), it is obvious that 0 < h, <1. If the value for h, in
the function of the target is equal to 1, then the DMU is relatively efficient,
and if it is less than 1, the DMU, is relatively inefficient and the value of h,
shows how many percent of this unit needs to reduce its inputs.

The linear fractional programming problem, described by relations
(1) - (4), can be reduced to an equivalent linear program using simple
Charns-Cooper transformations (Cooper et al, 1999) - MODEL (M.2):

(max)hk = Zur yrk

r=1
subject to:

ivixik =1 ®)

ZS:uryrj —ivixij <0,j=12...,n
r=1 i=1

V,2¢g,i=12,...,m

u =e&r-12,..,s

In the M.2 model for k-th DMU, the virtual output is maximized and
its virtual input is equal 1. The limitations by the data relation (5) indicate
that the optimal weights for the k-th DMU must satisfy the requirement
that for each of the DMUs its virtual output cannot be larger than its
virtual input.
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DEA model with variable returns to scale

The first extension of the core CCR DEA model was introduced by
Banker, Charnes and Cooper (Banker et al, 1984). The BCC model
measures pure technical efficiency, i.e. it gives an efficiency measure
that ignores the impact of the volume of operations by comparing the k-th
DMU with other units of the same size.

In relation to the CCR model, the primary BCC model contains an
additional variable in u- which defines the position of an auxiliary hyper
plane that lies on or above each DMU included in the analysis. The value
of the parameter u- directly indicates the nature of the economies of scale
allowed by the DEA model. This is shown in the theorem that Banker and
Thrall proved in (Banker & Thrall, 1992).

The primary BCC DEA model proposed in (Banker et al, 1984) has
the following form - MODEL M.3:

(Mmax)h, =>"u, Yy +U.
r=1

subject to:
Zvixik =1
i=1

iuryrj —ivixij +U.<0,j=12...,n
r=1 i=1

V,2¢g,i=12,...,m
u >¢gr-12..,s

CCR efficiency BCC efficiency
limit limit

Figure 1 — Forms of efficiency limit
Puc. 1 — lNpedenbi aghchekmusHocmu
Cnuka 1 - O6bnuuyu epaHuue echukacHocmu
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The orientation of the DEA model (input or output) determines the
direction of the ineffective DMU projection to the efficiency limit. In an
input-oriented model, efficiency improves through a proportional input
reduction, and the output orientation requires a proportional increase in
output.

Stochastic Frontier Analysis - SFA

The SFA is a statistical parametric technique used to estimate
deviations in the performance of production units from the production
frontier (Aigner et al, 1977) and (Meeusen & Van den Broeck, 1977). The
basic concept of the SFA model is that deviations are not entirely due to
inefficiencies, as they confirm that random effects beyond unit control
can affect production. The main advantage of the SFA is that it can
isolate the contribution of random effects to variations in technical
efficiency.

The original specification of the model included the production
function defined for crosssectional data, and later it received a number of
different modifications and shapes. The function contained an error
component, consisting of two elements - noise (random errors) and
technical inefficiency. This model, in the case of Cobb-Douglas frontier
function, has the following form:

In(y,) =5, +iﬂk In(x,) +v; -y,

where: y; — the output (production) of the i-th company; xi - k-th input of
the i-th firm (k = 1, ..., K); B« — an unknown parameter to be evaluated (k =
1, ..., K); vi~N(0,0V2) is a random variable that represents fault (noise) and
has an independent distribution of the distribution of technical
inefficiency; u~|N(0,0,%)| - a non-negative random variable that
represents technical inefficiency.

For example, the input values are displayed on the x-axis and the
output values on the y-axis. The firm A uses the input x, to generate the
output ga (indicated by x), while the firm B uses the input xg to generate
the output gs (shown by x). If there are no inefficiency effects, i.e. if
(ua=0, ug=0), then the so-called exits of the frontier area are

a, =exp(B, + B Inx, +Vv,) and qg =exp(B, + B, Inxg +Vg). In Figure
2, these values are represented by the sign ® . Obviously, the frontier

exit of A is above the deterministic part of the frontier region because the
effect of the statistical noise is positive va>0, and the B-frontier output is
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below, because the effect of the statistical noise is negative vg<O
(Kumbhakar & Knox Lovell, 2003).

Deterministic frontier

Y gi=exp(Bo+pB1lnx;)

N = + +\Va) b
9 a=exp(Bo*P1lnxa+va) _tatlstlcal Statistical noise
noise |

qs=exp(Bo+Bilnxg+ve) ‘

Technical inefficiency

de=exp(Bo+B1lnXg*Ve-Up) -/~ !

! Technical

3 inefficiency
Aa=exp(BotB1lNXa*Va-Ua) [~

XA XB Xi

Figure 2 — Kob-Douglas model
Puc. 2 — Modenb Kob6a-yanaca
Cnuka 2 — Kob6-/[Jaznacos modern

Function modifications included additional assumptions regarding
the distribution of technical inefficiencies u;, such as a truncated normal
or gamma distribution; other forms of the frontier function; consideration
of panel data and technical efficiencies variability in time; expanding
models with cost functions, etc.

Although it contains a number of parameters to be assessed against
the Cobb-Douglas function, the transcedental logarithmic form of the
frontier form of the function is much more flexible and provides more
consistent technical efficiency estimates. It represents the generalization
of the Cobb-Douglas function, and has the following form (Knezevi¢ et al,
2015):

K K K
In(y;) =4, + Zﬂk In(x;) + Z Zﬂkk, In(x; ) In(x,.) +V; =y,
k=1 k=1 k=1
The main disadvantage of standard SFA models is the inability to
observe multiple outputs, i.e. the existence of only one output. Coelli and
Perelman (Coelli & Perelman 1996, 2000), Knezevi¢, Bojovi¢,
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Kapetanovi¢ (Knezevic et al, 2015) dealt with the frontier function in the
case of multiple inputs and multiple outputs. In the case of the existence
of the K input and the L output, the functional form can be written as:

-In(y,) = «a, +ZK: a, In(xl()ntil,b’I In( Z z a, In(x,)In(x, )+

+ZK:§;/ In( x, ) In( )+222ﬁ” In( y')ln(y')+v _u,

k=1 I=1 =1 I
where y_ represents an arbitrary chosen output. In the case of two
entrances and two exits:

—In(y,))=a,+a,In(x))+a,In(x,)+ B, In( i’/—z)+%a3ln2(xl)+
1

N %aA In?(x,)+ %aS In( x,) IN( X,) + 7, In( %, In( %) + (6)

1

£ 70 )+ 2 gt (O v,

1 1

Selection of parameters and the efficiency analysis

In order to improve the efficiency of the organization's work, it is
necessary to select relevant indicators whose monitoring and analysis
can provide the necessary information in order to generate actions to
improve the process and improve the efficiency of the organization's
operation.

Transport is a process characterized by high costs: number of
vehicles and drivers, energy consumption, realized transport work, space
and time use of the vehicle, are just some of the factors that influence the
efficiency of the transport process.

The goal of transportation planning, due to the specific nature of the
military organization, is to find the conditions for meeting the transport
needs of units and military institutions, regardless of the respect of other
transport principles: rationality, economy, etc. For these reasons, there
are cases of inefficient use of vehicles.

The basic efficiency criteria should contribute to meeting the goal of
the existence of a system - meeting the transport needs of the army in
peace, during the mobilization period and in the war. The basic criteria of
transport in general can be taken as the basic criteria of efficiency for
achieving these goals - the performance of the fleet and the cost of
transport services, since most of the parameters of the transport process
are related to them. The performance of the transport fleet of transport
units is assessed with two interconnected parameters of the incineration
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criterion; the volume of transported cargo (volume of transport) in tonnes
and the number of tonne-kilometers achieved (cargo traffic) in tkm (Dozet
et al, 1988).

The indicators of efficiency in transport in literature:

Byrne and Markham (1991): tkm / total transport costs, transported
quantity / total transport costs, total transport capacity / capacity costs.

Cruijssen et al (2010): labor power (salaries, driver experience, total
hours of work, number of employees), equipment (number of trucks,
number of trailers, total capacity), intangible assets (market information,
contact with users), profit.

Kim (2010): costs of employees, fuel costs, lubricant costs, taxes,
insurance, mileage, transported quantity, transport distance.

The division of the indicators of the efficiency of logistics processes
can also be carried out according to the subsystem or process described
by Andreji¢ and Kilibarda (2017). Thus, groups of indicators can be
distinguished:

- storage indicators;

- transport indicators (number of vehicles, total number of kilometers
traveled, realized transport work, fuel consumption, etc.);

- stock indicators.

The data used in the paper were collected through an application
intended for automated processing of data on the condition and use of
non-combat vehicles and connecting vehicles and other fuel consumers
in the information system of the traffic service in the military. This
application allows tracking the traveled route, fuel used, the number of
persons transported and the amount of transported cargo for a specified
period of time (month, year) for the vehicle or the entire unit.

Data on the performance indicators of military transport units and
vehicles which can be obtained from the above application coincide with
the often used indicators of efficiency in transport in the literature, first of
all in the book Efficiency of Logistic Processes (Andrejic & Kilibarda,
2017). For this reason, the following data were used in the analysis of the
efficiency of the observed military transport units and vehicles - Table 1.

Two input parameters were used to evaluate the efficiency of the
transport units: the number of vehicles used for the transport of cargo
and the total fuel consumption of these vehicles (I). Two parameters were
also used as output indicators: the total distance driven by vehicles used
for transport of goods (km) and the total quantity of transported cargo (t).

For the assessment of the efficiency of vehicles (in total and by
classes), the parameters were used - two inputs: total fuel consumption
per vehicle () and total available vehicle load for the days of use in the
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observed time (t) and two outputs: distance driven per vehicle (km) and
the total quantity of cargo carried per vehicle (t).

Table 1 — Aspects of measuring the efficiency of transport
Tabnuua 1 — Acriekmbl usmepeHusi agpghekmusHoOCmMuU mpaHcropma
Tabena 1 — Acnekmu mepera egpukacHocmu mpaHcrnopma

Efficiency of Efficiency of the Vehicle efficiency by class
transport unit vehicle
Management Operating Tactical level Tactical level
level level
Input 1. number of 1. fuel (1)
indicators vehicles 2. the total 1. fuel ()
2. fuel (1) available )

2. the total available vehicle load

vehicle load in in the observed time (t)

the observed

time (t)
Output 1. distance 1. distance 1. distance driven (km)
indicators driven(km) driven (km) 2. transported cargo (t)
2. transported | 2. transported
cargo (1) cargo (1)
DMU 10 transport 173 vehicles 6 class vehicles:
number units 24 vehicles up to 3t capacity
78 vehicles up to 6t capacity
17 vehicles up to 12t capacity
11 vehicles over 12t capacity
21 vehicle ACG
22 vehicles ACV
Applied DEA and SFA analysis

model

The vehicle classes are defined according to load capacity (up to 3t,
from 3t to 6t, from 6t to 12t and over 12t) and the specific type of cargo
being transported by them (ACG - fuel tanks and ACV — water tank),
Table 2. In this analysis, vehicles used for fewer than 10 working days
and covering fewer than 500 kilometers during the year were not
observed.

The paper analyzes the relative technical efficiency of ten military
transport units and 173 vehicles engaged in cargo transportation tasks
for supplies and special needs of the army.

It should be emphasized that until now, to a certain extent, mainly
through the annual analysis of logistics in the military, the problem of
organization and structure of transport units and their efficiency was
partially taken into account, but not comprehensively approached in the
research of the subject matter.
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Table 2 — Overview of the number of vehicles by classes and units
Tabnuua 2 — O630p Konu4ecmea mpaHCrnopmHbIX cpedcmea no Knaccam u eOuHuUuam
Tabena 2 — Npeaned bpoja so3una rno knacama u jeduHuyama

upto3t | upto6t | upto 12t over 12t ACG | ACV TOTAL
DMU 1 2 9 1 5 0 0 17
DMU 2 0 12 1 0 1 2 16
DMU 3 0 7 3 3 3 0 16
DMU 4 2 4 3 2 3 0 14
DMU 5 3 5 1 1 1 3 14
DMU 6 2 8 1 0 0 3 14
DMU 7 2 10 4 0 5 9 30
DMU 8 3 7 1 0 6 2 19
DMU 9 3 4 0 0 1 2 10
DMU 10 7 12 2 0 1 1 23
TOTAL 24 78 17 11 21 22 173

Table 3 — Descriptive input and output statistics for transport units
Tabnuua 3 — OnucamenbHasi cmamucmuka 8eoda U 8b1800a MPaHCIopMHbIX e0UHUL,
Tabena 3 — [JeckpunmusHa cmamucmuka yrna3sa u usnasa 3a mpaHcriopmHe jeduHuye

110 Parameter | Var | Obs | Mean Std. Min Max
Dev.
output | distance y1 10 137133.3 | 68275.3 | 62682 | 296695
driven (km)

output | transported | y2 10 4156.7 4694.2 808 15763
DMU cargo (t)

input | fuel (I) x1 10 35138.5 19019.4 | 16717 | 78223
input | the number | x2 | 10 17.3 5.6 10 30
of vehicles

The calculation of the efficiency of transport units and vehicles was
done whith:

- Input CCR and BCC DEA models - DEAP Version 2.1 software
used for calculating (Softver DEAP Version 2.1., 2018).

- SFA model (using (6)), halfnormal and truncatednormal distribution
- STATA13 software used for calculating (Softver STATA13, 2018).

The input-oriented model was selected as transport unit managers
can influence more the reduction of input (the number and type of
vehicles used, i.e. fuel consumption and vehicle load), and less the
increase of output (quantity of transported cargo).

The DEA CCR model, which shows only three efficient units, has the
greatest discriminatory power. On the other hand, the SFA model, with
the assumed distribution of technical inefficiency, recognizes all units as

effective.
<>



As said, the SFA model, with the hnorm and tnorm distribution,
recognizes all units as efficient. The DEA BCC model recognizes three
(conditionally two) inefficient units, while the DEA CCR model recognizes
only three units as effective - DMU3, DMU6 and DMUS8 and therefore has
the highest discriminatory power - Table 4.

Table 4 — Results of the analysis of the efficiency of transport units
Tabnuua 4 — Pe3ynbmambl aHanu3a 3¢ghghekmueHoCcCmu mpaHCcrnopmHbIX eQUHUY,
Tabena 4 — Pesynmamu aHanuse eghukacHoOCmMu mpaHcriopmHux jeduHuya

DEA | DEA | SFA SFA DEA | DEA | SFA | SFA
CCR BCC tnorm hnorm CCR | BCC | tnorm | hnorm
rank

DMU1 | 0.727 | 0.798 | 0.998363 | 0.999526 | 10 10 1 10
DMU2 | 0.771 | 1 0.998362 | 0.999545 | 9 1 7 2
DMU3 |1 1 0.998362 | 0.999547 | 1 1 7 1
DMU4 | 0.997 |1 0.998363 | 0.999526 | 4 1 1 9
DMU5 | 0.856 | 0.961 | 0.998363 | 0.999534 | 7 9 1 6
DMUB | 1 1 0.998362 | 0.999528 | 1 1 7 8
DMU7 | 0.983 |1 0.998363 | 0.999535 | 5 1 1 5
DMU8 | 1 1 0.998362 | 0.999536 | 1 1 7 4
DMU9 | 0.773 | 1 0.998363 | 0.999537 | 8 1 1 3
DMU10 | 0.968 | 0.999 | 9998363 | 0.999531 | 6 8 1 7

Thus, the comments on the results obtained are as follows. The
average efficiency of transport units by models is:
DEA CCR-0.91 <DEA BCC-0.98 <SFA tnorm ~ 1.00 <SFA hnorm ~ 1.00
DMU8 and DMUBG, as efficient, do not have a high-capacity vehicle
(tow truck). The greatest contribution to the efficiency of DMUS8 is a
vehicle marked mv127 ACG which was used to transport by far the
largest amount of cargo - 13613t (i.e. liters of fuel). Without the
mentioned vehicle, DMU8 would have had efficiency of 0.847 under the
CCR model, and 0.849 according to the BCC model, i.e. it would not be
at the limit of efficiency. DMUS8 transported the largest amount of cargo.
DMU3 does not have a vehicle carrying capacity of up to 3t or ACV.
Only one of the four units with high-capacity vehicles was declared
effective (DMUQ). It is interesting to note that the lowest efficiency in both
the CCR and BCC model is DMU1, with a percentage of the largest
number of heavy-duty vehicles (trucks) being 29% of the vehicle unit.
DMU?2 is inefficient even though there are no vehicles with high load
capacity, and the highest number of used vehicles is 3t to 6t capacity
(75%). Also, DMU2 covered the fewest number of kilometers and
transported the smallest amount of cargo. The reason for relative
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inefficiency of DMU9 can be the size of the unit (the smallest number of
vehicles), besides being the third transport unit in one region. The largest
number of kilometers covered is in DMU7, but it is not at the limit of
efficiency because it is the unit with the largest number of vehicles used.
If the efficiency of transport units is analyzed through the average
efficiency of the observed vehicles of the transport units, given in Table
5, the lowest results of efficiency are still given by the DEA CCR:
DEA CCR-0.37 <DEA BCC-0.46 <SFA hormone -0.74 <SFA tnorm -0.8

Table 5 — Average efficiency of vehicles by transport units
Tabnuya 5 — CpedHssi aghghekmusHOCMb MpaHCropmHbIX cpedcmea o mpaHCrnopmMHbIM
eduHuuam
Tabena 5 — lNpoceyHa echukacHOCM 803ura Mo MpPaHCropmMHUM jeduHuyama

DEA DEA SFA SFA DEA DEA SFA SFA
CCR BCC tnorm | hnorm | CCR BCC tnorm | hnorm
rank

DMU1 0.33 0.42 0.82 0.75 8 8 5 5
DMU2 | 0.31 0.51 0.85 0.79 10 3 1 1
DMU3 | 0.31 0.37 0.83 0.77 9 10 2 3
DMU4 | 0.42 0.51 0.76 0.67 2 2 9 9
DMU5 | 0.37 0.49 0.81 0.74 5 4 7 7
DMU6 | 0.46 0.53 0.71 0.65 1 1 10 10
DMU7 | 0.41 0.45 0.79 0.72 3 7 8 8
DMU8 | 0.39 0.47 0.81 0.74 4 5 6 6
DMU9 | 0.33 0.41 0.83 0.76 6 9 3 4
DMU10 | 0.33 0.47 0.83 0.78 7 6 4 2

Somewhat higher results of vehicle efficiency in the SFA model are
obtained for the assumed truncatednormal relative to the halfnormal
distribution of technical inefficiency. The DEA CCR model yields less
efficacy results than the DEA BCC, as it assumes constant returns to
scale.

By analyzing the obtained average efficiency of vehicles used by
transport units, it is noticed that DMUG s still the most efficient for both
DEA models, but according to the SFA models it has the worst results.
Observing the results in this way, the SFA models rated DMU2 as the
most efficient, which, according to DEA CCR, | has the worst results of
vehicle efficiency, and the opposite case is with DMU3.

When the number of vehicles used is taken as the input parameter,
the results of the efficiency of transport units differ from the results
obtained when the average values of the efficiency of the vehicles used
for the transport within the unit are observed.
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It is noted that the efficiency of the vehicles is small, which can be
explained by using a vehicle for transporting freight often without the
criterion of better utilization of the load (the need for transport has the
quantity of cargo within the defined time limit). Out of 173 vehicles
observed:

- according to the DEA CCR model, only three vehicles are efficient,
as many as 146 vehicles have an efficiency of less than 0.5, and the
average efficiency is 0.37.

- according to the DEA BCC model, 8 vehicles are effective, 124
vehicles have efficiency lower than 0.5, and the average efficiency is
0.46.

- according to the SFA tnorm model, the highest efficiency of 0.94
was found in two vehicles, 54 vehicles have efficiency below average,
and the average efficiency is 0.8.

- according to the SFA hnorm model, one vehicle has the highest
efficiency of 0.93, 72 vehicles have efficiency below average, and the
average efficiency is 0.74.

The vehicle carrying capacity up to 3t with the mark mv172 is
efficient according to the DEA CCR and BCC models, while it is among
the two worst ones in the efficiency evaluation of the SFA models. On the
other hand, the ACG vehicle with the mv152 tag has the best efficiency
according to the SFA models, while according to the DEA CCR it has the
lowest efficiency, and according to the DEA BCC, it is among the least
efficient.

Among the most efficient vehicles, there are no vehicles with greater
capacity (from 6t to 12t and over 12t), and the reasons for this should be
sought in the fact that their efficiency is more reflective of the inexorability
of their load capacity.

When considering the efficiency of all vehicles in the entire group of
173 vehicles per cluster, Table 7, it is noted that the vehicles with a
minimum carrying capacity of up to 3t have the highest average
efficiency according to the DEA methods, which can be explained with
the smallest loss of available load capacity and lower average fuel
consumption.
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Table 6 — Descriptive statistics of inputs and outputs for vehicles

Tabnuya 6 — OnucamenbHasi cmamucmuka 880008 U 8180008 MPaHCMOPMHbIX
cpedcms

Tabena 6 — [eckpunmueHa cmamucmuka ynasa u u3ria3a 3a eo3urna

I/ | Parameter Var | Obs | Mean | Std. Min | Max
0] Dev.
O | distance driven (km) al 173 | 7927 8249 423 | 40576
All 173 O | transported cargo (t) | a2 173 | 240 1057 |5 13613
vehicles [ fuel () b1 | 173 | 2031 | 2059 | 110 | 11531
| available vehicle load | b2 173 | 379 443 33 3984
t
Vehicles | O Eii)stance driven (km) ti1 24 9918 10663 | 779 | 39908
upto3t | O | transported cargo (t) | ti2 24 70 82 5 344
capacity | | fuel (I) tul | 24 | 1347 | 1243 | 238 | 4728
| available vehicle load | tu2 24 215 180 39 843
t
Vehicles | O Eii)stance driven (km) si1 78 7430 7354 423 | 35330
upto6t ["O [transportedcargo (t) |si2 | 78 | 71 77 6 446
capacity e sul |78 | 1874 | 1653 | 110 | 8107
| available vehicle load | su2 | 78 290 172 35 800
t
Vehicles | O Eii)stance driven (km) di1 17 7255 3975 176 | 15544
up to 12t 7
capacity | O | transported cargo (t) di2 17 109 80 19 292
| fuel (1) du1 17 1981 1106 523 | 4349
| available vehicle load | du2 | 17 418 243 147 | 960
t
Vehicles | O Eji)stance driven (km) 0i1 11 11099 | 11248 | 927 | 31102
over 12t "5 [ transported cargo () | 0i2 11 557 651 40 1748
capacity e oul |11 | 4172 | 4145 | 385 | 11397
| available vehicle load | ou2 | 11 970 811 180 | 2574
t
Vehicles | O Eji)stance driven (km) gi1 21 7873 11330 | 479 | 40576
ACG O | transported cargo (t) | gi2 | 21 | 870 | 2938 | 14 | 13613
| fuel (1) gu1 21 2162 2832 213 | 11531
| available vehicle load | gu2 | 21 592 894 35 3984
t
Vehicles | O Eii)stance driven (km) vi1 22 6498 5168 | 487 | 17195
ACV O | transported cargo (t) | vi2 | 22 | 370 | 268 | 25 | 980
| fuel (1) vu1 22 2177 1786 256 | 6005
| available vehicle load | vu2 | 22 344 226 33 952
(t)
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Table 7 — Average efficiency of all vehicles by defined groups
Tabnuua 7 — CpedHsist a¢hghekmusHOCMb 8CeX MpPaHCropmMHbIX cpedcms o
onpedernieHHbIM 2pyrnnam
Tabena 7 — lNpoceyHa echukacHoCcm ceux 8o3ura o 0eghuHUCaHUM 2pyrnama

Vehicles DEA DEA SFA SFA DEA DEA SFA SFA
capacity CCR BCC tnorm | hnorm | CCR | BCC tnorm | hnorm
rank

up to 3t 0.56 0.70 0.68 0.61 1 1 6 6

up to 6t 0.32 0.40 0.83 0.76 5 4 2 3

up to 12t 0.33 0.38 0.81 0.74 4 5 4 4
over 12t 0.27 0.31 0.88 0.83 6 6 1 1
ACG 0.33 0.45 0.83 0.76 3 3 3 2
ACV 0.45 0.58 0.78 0.72 2 2 5 5

According to the SFA method, the vehicles up to 3t capacity have
the lowest efficiency. Completely opposing ranking is found in the
vehicles carrying over 12t. According to the SFA method, they have the
highest efficiency, while according to the DEA methods in both cases
they have the lowest average efficiency. Conditional consistency, as far
as the average vehicle efficiency rating is concerned, is found in all
methods in the case of the groups of ACG vehicles and the vehicle with a
carrying capacity from 6t to 12t. The highest standard deviation of the
results is with the vehicles with a carrying capacity up to 3t, ACV and
ACG.

It is noteworthy that the results of the DEA and SFA models vary
greatly; therefore, decision makers must be aware of that and choose the
model in which they want to perform an efficiency assessment.

The results of vehicle efficiency, when calculations were made for
vehicles within defined groups (clusters), are given in Table 8.

In small vehicle groups, the SFA models show all vehicles within the
group as efficient, and there is certain discrimination only in larger vehicle
groups. In this sense, the SFA model will not be commented on in this
part of the paper.

The most homogeneous group of vehicles (and the smallest one)
consists of the vehicles over 12t capacity — with the average efficiency of
0.92. According to the DEA CCR, the efficient vehicles are those with
mv7, mv44 and mv61 markings, and the least efficient is the mv8 vehicle,
while the BCC model has 7 efficient vehicles.

In the group of the vehicles up to 12t of capacity, there are 6 or 10
efficient vehicles according to the DEA models and they are evenly
distributed in transport units.
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Table 8 — Average efficiency of vehicles per class
Tabnuua 8 — CpedHsist aghghekmusHOCMb MPaHCNopPMHbIX cpedcme o Krnaccam
Tabena 8 — lNpoceyHa eghukacHocm 8o3ura no Knacama

Vehicles up

to 12t DEA DEA SFA SFA
capacity CCR BCC thorm hnorm
up to 3t 0.66 0.83 1.00 0.71
up to 6t 0.60 0.65 0.86 0.74
up to 12t 0.89 0.93 1.00 1.00
over 12t 0.92 0.96 0.99 0.99
ACG 0.62 0.77 1.00 1.00
ACV 0.80 0.91 0.91 0.91

A group of vehicles with a minimum mean efficiency of 0.60 and
0.65 consists of the vehicles of 3t to 6t capacity, respectively, most of
them being in group 78.

The vehicles with a carrying capacity up to 3t may have
unexpectedly low mean efficiency. Six vehicles have an efficiency of less
than 0.5 which says they are often used to transport very small loads.

ACGs within the group have 2 or 4 efficient vehicles, and, according
to the DEA CCR model, 7 vehicles have efficiency below 0.5. All ACVs
have efficiency within a group higher than 50%.

The comparison of the average efficiency of transport units in
relation to the vehicle groups was not considered in the work due to the
relatively small number of vehicles by defined groups in transport units.
In other words, it could not be concluded where and in which transport
units certain groups of vehicles are used better.

The comparison of the efficiency of vehicles in general and by
defined groups showed that only three vehicles were declared effective in
both cases: mv63 to 3t capacity, mv127 ACG and mv152 ACG.

The dependence of data on input and output parameters of transport
units and vehicles was tested using the Spearman and Pearson
correlation tests. The test results show that the input and output data are
independent for all pairs of input and output data except in the case of
input data for the vehicles with a capacity of 6t to 12t.

The results show that the choice of the method of evaluation of
technical efficiency has a major impact on the obtained efficiency
estimates, and, consequently, on the decisions made and implemented
after the efficiency analysis.
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Conclusion

The paper presents the application of the DEA and SFA methods for
evaluating the efficiency of the work of the selected ten military transport
units and 173 military motor vehicles used in cargo transportation tasks
for the needs of supply and special needs of the army, individually and
within six defined classes. It can be deduced from the estimate that the
CCR DEA model has the highest discriminatory power that shows the
lowest number of efficient units and gives the lowest mean value of
efficiency of both transport units and vehicles.

The CCR DEA estimates that three transport units are efficient (with
an average efficiency of 0.91), as well as three vehicles (average vehicle
efficiency 0.37). The BCC DEA model estimates seven transport units as
efficient as well as eight vehicles (average vehicle efficiency 0.46). No
transport unit has been declared extremely inefficient (DMU1 has the
lowest calculated efficiency with a score of 0.727 per CCR DEA model).
Since the carrying capacity of the used vehicles has a large impact on
the results of the efficiency of transport units, only one unit with high-
capacity vehicles was declared effective, while the least efficient unit has
the largest proportion of these vehicles.

With the SFA model, all transport units are rated as efficient. The
same is the case with the assessment of the efficiency of vehicles in
groups with few vehicles. For this reason, in assessing the efficiency of
transport units and military vehicles, the SFA model is applicable in
measuring the efficiency of a larger number of DMUs. Of all vehicles, two
have the highest efficiency of 0.94, while the average vehicle efficiency
according to the SFA models is 0.74 and 0.8. Low-capacity vehicles are
rated as more efficient according to the DEA models, while the SFA
models rate vehicles with higher load capacity as more efficient.

The choice of the method for calculating efficiency can be a
determining factor for making management decisions, as it has been
shown that the results of the DEA and SFA models differ significantly,
about which decision makers must be informed in order to choose the
model in which they want to perform efficiency assessment.

The DEA method makes it easier to compare DMUs across multiple
inputs or outputs, and for each inefficient unit, it defines respectable units
and required changes to the input or output in order to achieve efficiency.
The CCR DEA model gives the lowest efficacy results because it allows
a constant return to scale and measures the overall technical efficiency
and efficiency of the business volume, while the BCC model measures
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only pure technical efficiency, which makes a number of units more
efficient.

Since this paper deals with the military context, certain specific
information related to the organization, as well as the actual names of
transport units, and data on the marks, kind and type of specific vehicles
could not be included.

It has been shown that the conducted analysis and efficiency
assessment provide a basis for a different approach to the problems of
military transport management and more efficient use of vehicles. This
paper explores the efficiency of military transport units in a different way
than usual. The obtained efficiency results indicate that there is a space
for increasing the efficiency of the transport units, especially the
efficiency of vehicles. Increased efficiency can be achieved by better
vehicle selection in relation to the amount of cargo in order to better
utilize the vehicle's capacity. Also, the planning of return transport and
better planning of freight transport through reduction of off-plan tasks,
with fewer engaged vehicles and, consequently, lower fuel consumption,
can increase output, i.e. quantity of transported cargo. By equipping
newer vehicles with lower fuel consumption and greater reliability, the
input resource needed to complete the tasks can also be reduced.

By choosing an appropriate method for assessing efficiency, input /
output parameters and a good analysis of the obtained results, one can
obtain a model of transport in the army that would increase the efficiency
of transport units and vehicles to a higher level in order to achieve better
operational capabilities of the military.

Numerous parameters influence transport efficiency, both at the
level of transport units and vehicles. In this sense, the direction of further
research on efficiency measurement,would be the influence of the
parameters not observed in this paper: type of cargo, vehicle and driver
time, organizational structure of the transport unit, distances to which
goods are transported, the age of the vehicle, etc. Also, in further work,
the influence of the factors on which the organization does not have
influence i.e. weather conditions, road conditions, etc, can be
investigated.

The work should be the initial phase of the research devoted to the
parameters of the efficiency of the military transport units and military
vehicles. The efficiency analysis is an important tool that can enable
military organization management and transport management to find
common solutions in order to achieve the goals of the organization. This
would identify proposals for optimizing the use of vehicles for the
transport of cargo as well as the engagement of the transport unit as a
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whole, which would increase the quality and quantity of execution of
transport tasks in support of the missions and tasks of the Serbian Armed
Forces.
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Peswome:

Lenbto  OaHHOU  pabombi  sensifiocb — nposedeHue  aHanusa
aghgbekmueHoCMU  8bI6PaHHLIX MPaHCMOPMHbLIX CPedCcme U B0€HHbIX
boesbix MawuH O ocywecmerieHuUs1 3adaHull 1o rnepesoske epy3a rnpu
npumeHeHuu memoda cmoxacmudeckol epaHuubl (SFA), a makxe
aHanusa obosioyku OaHHbIx (DEA), cosdasasi mem cambiM OCHOBaHUE
Onss  QanbHelwux uccriedogaHUll  napamMempos, 6uUsUWUX  Ha
aghghekmusHoCMb pabombi MpaHCopmMHbIX cpedcme Boopy KeHHbIX cusl
U 80€HHbIX boesbix MalwuH. HccriedosaHue nposedeHo Ha OCHO8aHUU
decamu mpaHCcropmHbIX cpedcms Boopy»keHHbIx cun,
npedHa3Ha4yeHHbIX Ofs OCyuwecmerieHusi Jfio2ucmudeckux 3adady o
mpaHcropmy u repegoskam. AHanus sghghekmusHocmu rposedeH Ons
BOEHHbIX MaWUH, UCMOb3yeMbiX O/ 8bINOMHEHUs 3adaHul o
mpaHcriopmy U repego3kam 2py3a Ons HyxX0 CHabXeHusi U Hyxo0
crneyuanbHo20 Ha3Ha4yeHusl KoMaHOO8aHUs, BOUHCKUX Yacmel U
yupexdeHull BoopykeHHbIXx cumi. B pabome ucrionb308aHbl OaHHbIe,
rnosyyeHHble 6rnazodapsi rpozpaMMHOMY ObEeCrieqYeHUr, C MOMOWbIO
Komopo2o eedemcsi HabroOeHUe 3a osib308aHUEM U Kcrislyamauueu
B0EHHbIX MalUH 8 meyeHue 00HO20 KareHO0apHo20 200a. Pe3yrnbmamel
rokasanu, 4mo ebibop Memola oOkasbisaem b60/bwWoe 6nusHUe Ha

MOSTyYEHHYH0 OUEHKY mexHu4eckol aghgpekmusHocmu, u
COOMBEMCIMBEHHO  Ha  B03MOXHbIE  YrpasfieHYeckue  peueHus,
fpuHUMaemble Ha OCHO8aHUU rpogedeHHo20 aHarnusa
aghgbekmusHocmu.

Kntowesbie crnosa: aghghekmusHOCMb, MmpaHCcrnopmHbie cpedcmea
BoopyxeHHbIx curs, 80eHHble 6oesble MawuHbl, aHanu3 060704YKU
OaHHbIX, Memo0 aHasu3a cmoxacmu4eckoli 2paHuubl.

MPOLIEHA E®UKACHOCTU TPAHCIOPTHMX JEOUHWLIA BOJCKE
METOOAMA DEA N SFA

[ejax P. Necnuh?®, Hebojwa J. onosmhﬁ,

Munopad J. Kunubapga®, Mapko B. KanetaHosuh®

@ MunnctapcTeo oabpaHe Penybnvke Cpbuje, CekTop 3a maTepujanHe
pecypce, Ynpasa 3a onwTy noructuky, beorpag, Peny6nuka Cpbuja
YHusepauteT y beorpagy, CaobpahajHn dakynTert,
Beorpag, Penybnuka Cpbuja

OBNACT: maTematuka, normctuka, caobpahaj
BPCTA YJTAHKA: opyrnHanHu Hay4Hu YnaHak
JESNK YJTAHKA: eHrnecku

Caxemak:

Lurs pada jecme Oa ce usepwu aHanusa eghukacHocmu u3labpaHux
mpaHcrnopmHux jeduHuua y rnoaucmuuyu Bojcke u eojHux eosuna y
peanusayuju 3adamaka mpaHcriopma mepema M[puUMeHoM Memoda
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aHanuze cmoxacmudykux epaHuua (SFA) u aHanusze obasujara
rnodamaka (DEA), kao u cmeapar-e OCHoge 3a Oarbe UcmpaxueaH-e
napamemapa Koju ymudy Ha egpukacHocm pada mpaHCropmMHUX
JjeduHuya Bojcke u 8ojHUX 803ura.

Ucmpaxuearbe je uzsplweHo y decem mpaHcrnopmHux jeduHuua Bojcke,
HaMeHseHUX 3a peanusauujy rocroea U3 Jsioeucmudke ¢hyHKUUje
caobpahaj u mpa+criopm. AHanu3a eghukacHoCmu u3epuleHa je 3a 8ojHa
sosurna kopuwhera 3a peanusayujy 3adamaka mpaHcriopma mepema 3a
nompebe cHabOeesara u rnocebHe nompebe komaHOu, jeduHuua u
ycmarosa Bojcke. KopuwheHu cy nodauyu 0obujeHu u3 rpospamcKoa
nakema Kojum ce npamu Kopuwherwe U ekcriioamauyuja 6ojHUX
MOMOpPHUX 8o3unla y nepuody 00 jedHe karneHOapcke 200UHe.
Pesynmamu nokasyjy Oa u3bop memole uma 6enuku ymuuaj Ha
OobujeHe oueHe mexHUYKe egbukacHocmu, a caMuM muM U Ha
eseHmyrnaHe yrpas/badke O0O0/yKe Ha OCHO8Y U3BpUWIEHe aHanuse
egukacHocmu.

KrbyuHe peuu: egpukacHocm, mpaHcriopmHe jeduHuue Bojcke, eojHa
eosuna, aHanusa obasujarba nodamaka, aHasusa CmoxacmuyKux
epaHuya.
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Abstract:

Forest resource exploitation and the achievement of full forest potential
depend on the density and quality of the forest road network. The forest
road network has to fulfill multiple functions; it thus has strategic
importance in forest management. When planning the forest road network
development, decision makers have to consider various technological,
economic, social, and environmental factors. A comprehensive and
functional approach is needed. A hybrid methodological framework for the
formulation of guidelines, within which the strategy for the development of
the state-owned forest road network should be defined, is presented in
this paper. A fuzzy modification of the A'WOT method is proposed. The
model, named FDA'WOT model, is based on an idea to provide a
conceptual framework for strategic option selection by combining the
fuzzy Delphi technique, the fuzzy SWOT analysis (Strengths,
Weaknesses, Opportunities, Threats) and the Analytical Hierarchical
Process (AHP). The FDA'WOT model overcomes the problems of a
classical SWOT analysis related to the vagueness and uncertainties in
assessment of the character, impact and relative importance of strategic
factors. It is a frame for a multicriteria approach in decision making which
allows analytical prioritization of alternative strategic options and selection
of an optimal one. The proposed model is applied to a case study of the
strategy selection for the forest road network development in the Republic
of Serbia. The presented results have shown that the FDA'WOT model
can successfully create conditions for sustainable strategy formulation.
Key words: forest road network, decision making, strategy, FDA'WOT
model, fuzzy Delphi, fuzzy SWOT, AHP.

* The article is published in a short form in 1% International Conference on Management,
Engineering and Environment - ICMNEE 2017.
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Introduction

In the last few decades, the focus in forest management has been
shifted from a dominant interest in timber harvesting to the so-called non-
extractive uses, such as: recreational uses (hunting, fishing, hiking,
camping), wildlife improvement, development of forests, environmental
protection, etc. In the case of Serbia, decades of lagging in technical and
technological development, numerous institutional weaknesses and slow
adaptation to changes, as well as the applied forest management
models, were the constraints in the forestry development (Ministry of
Agriculture, Forestry and Water Management of the Republic of Serbia,
2006).

The development of the forest road network greatly impacts the
achievement of the economic and ecological goals in forest
management. Since forest roads are the most important foundation for
sustainable forestry operations and represent one of the biggest
investments in forest management, it is necessary to have an adequate
strategy for the forest road network development for successful forest
management. The strategy selection problem has a multidisciplinary
character. In practice, the SWOT analysis is a common tool for solving
the strategy selection problem, but the traditional SWOT analysis has
some shortcomings such as subjectivity, the quantification of factors
influences due to their uncertain nature, or the evaluation of strategic
alternatives. To overcome these problems, in this paper, we propose a
hybrid FDA'WOT model as an analytical approach to strategy
formulation. The FDA'WOT model combines the fuzzy Delphi technique,
the fuzzy SWOT analysis and the traditional AHP method.

The traditional SWOT analysis is often used in forestry studies.
Hoang et al. (2015) used the SWOT analysis to assess the benefits and
difficulties of forest management certification from the perspective of
groups of smallholders in Vietnam. Hynynen et al. (2014) conducted the
SWOT analysis to analyse Finnish forestry sector's operational
environment and to define scenarios for the assessment of long-term
impacts of alternative forest management strategies on potential
resource use (Hynynen et al, 2015). Also, the SWOT analysis was used
in the cases of forest management in the Czech Republic and Slovakia
(Jarsky et al, 2014), Algeria (Meddour-Sahar, 2015), Kyrgyzstan (Jalilova
et al, 2012), Bulgaria (Winkel & Sotirov, 2011), Italia (Carbone & Savelli,
2009) and Austria (Rauch, 2007). Very rarely, the objects of the SWOT
analysis were management issues regarding forest roads. In those
cases, forest roads were analysed mainly from the wider perspective, as
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part of forest infrastructure (Meddour-Sahar, 2015), or from the
investment perspective (Jarsky et al, 2014), but not as a final aim of the
SWOT analysis.

The Analytical Hierarchical Process, developed by Saaty (1980), is a
multi-criteria decision-making method often used in forestry. For some
examples and reviews of the AHP application in forest management
issues, we refer the reader to Triantakonstantis et al. (2013) and Diaz-
Balteiro and Romero (2008). In some studies, the AHP method was used
to solve forest road design, planning and maintainance problems (Hayati
et al, 2013), (Pellegrini et al, 2013).

In 2000, Kurttila et al. introduced a new, hybrid AWOT method. In
order to provide quantification and mutual comparison of the influences
of the SWOT factors, they conducted the analytical prioritization of the
SWOT factors by the AHP. The SWOT analysis, in the AWOT approach,
sets up a formal frame, while the AHP ensures the analytical support to
the decision-making process (Kangas et al, 2001). The original or
modified AWOT method has found its application in many areas,
especially in natural resources management. The SWOT and AHP
combination in forestry management was also used by Stainback et al.
(2012), Dwivedi and Alavalapati (2009), etc.

Gerasimov et al. (2013) identified, by the A'WOT, the strategic
options for forest energy development and priorities in transferring the
Nordic forest energy solutions to the Karelia region in Northwest Russia.
Analysing the options, they noticed the forest road network as an
important factor for forest energy development. In 2012, Kajanus et al.
analysed the possibilities of combining the AHP, the SMART (Simple
Multi-Attribute  Rating Technique) and the SMAA-O (Stochastic
Multicriteria Acceptability Analysis - Ordinal) methods with the SWOT
analysis. They concluded, according to four case studies of natural
resources management and strategic planning, that the ability to provide
different levels of preference information and the required decision
support are very important prerequisites for a successful application of
hybrid decision-making models, because ,too difficult is to consider
comparisons of items from different dimensions® of the SWOT matrix.
The importance of data for the classification of factors was underlined by
Gerasimov et al. (2013), too.They demonstrated that, due to uncertainty
and lack of information from the field, it is often not easy to differentiate
and categorise identified factors into the given SWOT categories with no
doubt. Information uncertainties and ambiguities, inherent to strategic
problems, are usually treated with a fuzzy approach, established by
Zadeh (1965). Fuzzy techniques have also been applied in forestry
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planning and forestry decision making (Zarekar et al, 2012), (Ochoa-
Gaona et al, 2010), (Zadnik Stirn, 2006), (Mendoza & Prabhu, 2003).

The fuzzy approach in the application of the SWOT analysis,
combined with other methods, such as the Analytical Hierarchical
Process, or the Analytical Network Process can be found in areas other
than forestry (for example, we refer to Dimi¢ et al. (2016) and Ljubojevic¢
et al. (2014). In spite of numerous examples of separate applications of
the SWOT and AHP methods in forestry and their more and more
intensive combined applications, to the best of our knowledge, the
fuzzified AWOT combined with the fuzzzy Delphi technique has not been
used in forest management.

Materials and methods

The proposed FDA'WOT model is a combination of the fuzzy Delphi
technique, the fuzzy SWOT analysis and the AHP method. Expert
opinions about the influences of the strategic factors are gathered and
aggregated by the fuzzy Delphi technique, the strategic options are
formulated through the fuzzy SWOT analysis and, finally, they are
evaluated and prioritized in the AHP procedure.

As a tool for strategic decision making, the SWOT analysis is widely
used, but besides many advantages it also has some disadvantages.
The main disadvantages of the traditional SWOT analysis are
(Ghazinoory et al, 2007): only qualitative analysis of factors; lack of
objective (analytical) prioritization of different factors and strategies;
difficult strategy selection in case a lot of factors are involved; and
insensitivity to vagueness of the factor influences.

Quantification and prioritization problems can be overtaken by an
AHP and SWOT combination. Accordingly, the AWOT method, proposed
by Kangas et al. (2001), solves the problems, but if a lot of factors are
considered in the SWOT analysis, there appears a problem of
consistency in AHP pairwise comparisons. Kurttila et al. (2000) and
Saaty (1977) recommended limiting the number of SWOT factors to ten
in order to increase the consistency. As it is axplained in Kurttila et al.
(2000), the problem of pairwise comparisons consistency can be solved
by grouping factors and introducing an additional level of hierarchy in the
AHP model, or using specific techniques for data analysis.

However, the AAWOT model did not solve the problem of treatment
and quantification of uncertain nature of the influences of strategic
factors. The FDA'WOT model addresses that question. The model

consists of six steps:
<D



Step 1: |dentify relevant internal and external strategic factors, and
use a group of experts to assess the character and the influence of each
factor on the forest road network. Do assessment by the fuzzy Delphi
technique.

Step 2: Formulate alternative strategic options in the fuzzy SWOT
process;

Step 3: Establish the hierarchical structure of the problem of
choosing an optimal strategic option, according to the AHP approach;

Step 4: Conduct mutual pairwise comparisons of the factors within
each SWOT group of factors (internal and external) and determine their
relative priorities;

Step 5: Conduct mutual pairwise comparisons of the SWOT groups
of the factors and determine the relative importance of the groups;

Step 6: Use the classic AHP method to evaluate alternatives, in
relation to each SWOT group of factors, and to calculate the global
priority of the alternatives in accordance with the established hierarchy of
choice.

A need for the fuzzy approach in the evaluation of the strategic
factors appears when a factor can be viewed as an opportunity and a
threat, or a strength and a weakness, at the same time. For example,
government support (if it is a strategic factor) is an advantage
(opportunity) and a disadvantage (threat) simultaneously. It is an
opportunity because of the possibility to use certain funds, but it is also a
threat when the government support is denied or the funds are
inefficiently used. An appropriate way to evaluate the character of a
strategic factor such as this is to represent it as a fuzzy value. Thus, the
estimation of the character and the importance of each strategic factor is
expressed by a fuzzy number with a membership function which has a
free form, in principle. Due to calculation simplicity, according to the
recommendations given in (Ghazinoory et al, 2007), it is practical to use

triangular fuzzy numbers A=(a',a",a"), where: a is a lower or

pessimistic value, a” is a medium or the most probable value and a“ is
an upper or optimistic value of the factor. The task for the experts
involved is to assess and linguistically express the influence of the
factors. Their assessments are transformed into triangular fuzzy
numbers, according to the adequate fuzzy scale (Figure 1). The average

assessment of the group of experts A, =(a! ,a,a"), for each factor

separately, is calculated by aggregating individual assessments into the
average value of a set of fuzzy numbers given for a particular factor,

according to Eq. (1).
o
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_@ anay - L ya oy Ly
AEr_(asr’asr’asr)_(N iZ:l:aUN Zl:ai ’N Zai) (1)

i i=1

If some experts are more important, there is a possibility to use a
weighted approach. In the assessment scale (Figure 1), a negative
influence is related to threats or weaknesses, while a positive influence
corresponds to opportunities or strengths.

[ Negative influence I Positive influence ]
T
Linguistic | Extremly High High Moderate Low Humble  Neutral ~ Humble Low Moderate High Extremly High
expresions (EHN)  (HN) (MN) (LN) (HN) ™) (HP) (LP) (MP) (HP) (EHP)
1

0

-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10

Figure 1 — Linguistic descriptors and a corresponding fuzzy scale for the assessment of the
influence of the strategic factors

Puc. 1 — JluHesucmuyeckue decKkpunmopbl U coomgemcemaytoujasi Hedémkas wkana ons
OUEHKU 8030elicmeusi cmpameau4yeckux ¢hakmopos
Cnuka 1 — JluHesucmuyku deckpunmopu u o0zoeapajyha fuzzy ckana 3a npoueHy
ymuuaja cmpameaujckux ¢hakmopa

The next activity in the model is factor matching. It is an analysis of
the mutual suitability of the factors. After that, the influences of the
matched up factors should be mixed and projected into a domain of the
adequate strategy type, according to the procedure explained by
Ghazinoory et al. (2007). The aggregation and projection of factor
influences result in potential ingredients of strategic options. Graphically,
the factor combinations are presented as a set of pyramids, formed by a
crossing mambership function (see the example in Figure 2).

The selection of factor combinations for the formulation of strategic
options depends on the chosen a-cut (0 < a < 1) of the pyramids, the o-
cuts projections onto the plane of the bases of the pyramids, and on the
fulfillment of the selection criteria.

<>



Figure 2 — Example of the aggregation of the membership functions of an internal and an
external factor, their a-cut and its projection otno the base
Puc. 2 — lNpumep aepezayuu ¢hyHKYUL npuHadnexxHocmu ¢ 0OHUM 8HYMPEHHUM U OOHUM
8HEWHUM ¢hakmopoM, UX a-CeYeHUs U e20 MPOoeKyuU Ha OCHO8aHUU
Cnuka 2 — lNpumep aspezayuje chyHkyuja npuradHocmu 3a jeGaH UHMEPHU U jedaH
eKkcmepHU hakmop, HUX0802 a-fpeceka U e2oee rpojekyuje Ha 6asy

As the selection criterion, Ghazinoory et al. (2007) recommended
one of these:

- minimum of the Euklidean distance from the matrix vertices to the

nearest edge of the projection area,

- minimum of the distance from the matrix vertices to the centre of

gravity of the projection area, or

- maximum of the percentage of the projection area which belongs to a

particular quadrant in the matrix.

The strategic options should be based on the combination of factors
whose influences are connected and, in the same time, which satisfy the
selection criterion. When the strategic options are defined, an AHP
hierarchy is set up. Generally, a hierarchy of the selection model can be
structured into four levels. At the top level, there is the selection goal —
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the optimal strategic option for the forest roads network development. At
the second level, there are two SWOT categories of factors - internal
factors (strengths and weaknesses) and external factors (opportunities
and threats). The identified strategic factors are at the third level while
the defined strategic options are at the fourth level.

The presented model is applied to the problem of defining the
strategic options in the development of the forest road network in Serbia.
The existing forest road network in Serbia was constructed mainly with
the view of timber harvest. Considering the contemporary needs of users,
interests of stakeholders and forest management policy, an adequate
strategy is one of the high priority prerequisites for the development of
the forest road network. According to the Bulletin of Statistical Office of
the Republic of Serbia (Statistical Office of the Republic of Serbia, 2015),
the total length of the state-owned forest roads in Serbia is 25903 km, out
of which 386 km are modern roads, 21190 km are rigid roads and 4 km
are flexible roads. The assessed density of the forest road network in
Serbia is 7.23 m/ha, or 5.24 m/ha if only forest roads paved with gravel are
counted in (Danilovi¢ & Stojni¢, 2014). Additionally, many of the forest
roads are in unserviceable condition. A lot of them are unsurfaced
stractor” roads. This state of the forest road network is not satisfactory.
The development of the forest road network depends on many factors.
Some of them are limiting. Because of that, a feasible and sustainable
strategy should be balanced and based on an appropriate, scientific
assessment of an uncertain nature of factors.

Results

Taking into account the contemporary conditions of the forest road
network in the observed geographical area, actual management
problems, incompleteness of law and management regulations (strategy,
policy, development plans, etc.), contemporary and future social needs,
as well as forestry needs, a set of internal and external factors with a
strategic influence on the forest road network development has been
formed. The characters of the identified factors are expressed by fuzzy
values (Table 1), based on the expert oppinions gained in the fuzzy
Delphy precedure presented in Bojadziev and Bojadziev (2007).

Expert oppinions were collected in 2015 through two rounds of
questionnaires. Twenty one experts were involved in the survey (in the
second round, 20 experts answered to the questionnaire). All of them are
experienced, highly positioned managers in the Ministry of Agriculture,

100



Forestry and Water Management or in the state enterprise ,SrbijaSume®,
or are eminent professors at the Faculty of Forestry.

The average opinions of the group of experts on the characters of
the influencing factors are presented by the triangular fuzzy number

A=(a!,al a"), with the membership function:
0; x<al
|
X~8 a <x<al
a.m _ a.I S Sr
r
aX)=1 % (2)
= ;ay <X<ay
ay —a
Sr Sr
0; X>ag

Table 1 — The expert assessment of the nature of the strategic factors influencing the
forest road network development
Tabnuya 1 — SkcriepmHas oueHKa xapakmepa cmpameau4yeckux ¢hakmopos, 8/1usiowWux
Ha pa3sumue cemu 51eCHbIX 0opo2
Tabena 1 — Ekcnepmcka npoueHa npupode cmpameaujcKux ghakmopa Koju ymu4dy Ha
paseoj Mpexe WyMCKuUx nymesa

INTERNAL FACTORS (Int) - Strengths and Weaknesses

Int1. | Renewed cooperation with educational institutions 0,1,2)

Int2 Current cooperation with local government and owners of private

forests (-2-1,2)

Int3. | Lack of strategy and policy in the forest road network management (-1, 0, 2)

Implemented Geographic Information System (GIS) provides a
Int4. | detailed map of the forest areas and insight into the existing 0, 2,3)
network of forest roads.

Int5 Cooperation with all sectors within the Ministry of Agriculture,

Forestry and Water Management (-2.1,2)
Int6. | Availability of the public transport network (rail and road networks) (-3,-2,1)
Int7. | Density and quality of the existing forest road network (-5,-4,-1)
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EXTERNAL FACTORS (Ext) - Opportunities and Threats

Ext1.| Legislation and support programs and projects 0,2, 3)

Cooperation within the Government of the Republic of Serbia
(between different ministries: Ministry of Agriculture and
Environmental Protection, Ministry of Civil Engineering, Transport
and Infrastructure, etc.)

Ext2. 0,1,3)

Growing interest in the aspects of the use of forests such as
Ext3.| recreation, sports, tourism, etc. and potential secondary profit from (1,3,95)
the development of the forest road network

Undeveloped and non-standardized communication among
Ext4.| stakeholders (administrative bodies, forest owners, transport (-1, 0, 2)
companies, lumber industry, tourist organizations, etc.)

Ext5.| Reconstruction and further development of the lumber industry (-2,0,1)

Build-up rail and road communications on corridor 10 and corridor

Ext6. 11

(-1,0,1)

Lack of capital and small investments in the construction and

Ext7. maintenance of the existing forest roads

(-5,-4,0)

The formulation of strategic options for the development of the forest
road network was carried out on the basis of the evaluation of the
characters of the strategic factors, the correlation of their impacts, the
chosen alpha-cut (a = 0.5) and the minimum affiliation percentage of the
projection of the alpha-cut area to a particular ,strategic* quadrant as the
criteria for selecting the factors based on which the strategic options will
be formulated (Ghazinoory et al, 2007). The combinations whose
projections of the alpha-cut belong to one of the strategic quadrants at
least 75% of the total surface were considered as relevant combinations
of the factors for the formulation of strategic options (Table 2). The
combinations of the factors that also satisfy this condition (and which are
indirectly linked through some other factor) are shown in Table 3.

Based on the basic types of the SWOT strategies (SO, ST, WO, and
WT strategy) in general, the optimal strategic option is a combination of
the characteristics of these types shaped by the impact of situational
strategic factors.

In accordance with the combinations of the selected factors relevant
for the formulation of strategic options (Figure 3), in the considered case,
three strategic options for the development of the forest road network are
extracted.
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Table 2 — An overview of the combinations of the directly related factors which meet the

established criterion

Tabnuua 2 — O630p kKombuHauutli HerocpedcmeeHHO C8siI3aHHbIX (haKmopos, KOmMopbIe

coomeemcecmeyrom ycmaHO8J1eHHbIM Kpumepusm

Tabena 2 — lpeaned kombuHayuja OupeKkmHo rnosesaHux ¢pakmopa, Koje 3adogosbasajy
rnocmassbeHuU Kpumepujym

Factors
combination

Vertices Coordinates (x,y) of the projection surface

Percent of the
projection surface
which belongs to

one of the strategic

guadrants
Int1 — Ext1 (0.5, 1) (1.5, 1) (1.5, 2.5) (0.5, 2.5) 100 %
Int1 — Ext3 (0.5, 2) (1.5, 2) (1.5, 4) (0.5, 4) 100 %
Int2 — Ext1 (-1.5, 1) (0.5, 1) (0.5, 2.5) (-1.5, 2.5) 75 %
Int2 — Ext2 | (-1.5, 0.5) (0.5, 0.5) (0.5, 2) (-1.5,2) 75 %
Int2 — Ext3 (-1.5,2) (0.5, 2) (0.5, 4) (-1.5, 4) 75 %
Int2 — Ext7 | (-1.5, -4.5) (0.5, -4.5) (0.5, -2) (-1.5,-2) 75 %
Int4 — Ext1 (1, 1) (2.5, 1) (2.5,2.5) (1,2.5) 100 %
Int4 — Ext2 (1,0.5) (2.5,0.5) (2.5, 2) (1,2) 100 %
Int5 — Ext1 (-0.5, 1) (1.5, 1) (1.5, 2.5) (-0.5, 2.5) 75 %
Int5 — Ext3 (-0.5,2) (1.5, 2) (1.5, 4) (-0.5, 4) 75 %
Int5 — Ext7 | (-0.5, -4.5) (1.5, -4.5) (1.5,-2) (-0.5, -2) 75 %
Int6 —Ext2 | (-2.5,0.5) (-0.5, 0.5) (-0.5, 2) (-2.5, 2) 100 %
Int6 — Ext3 (-2.5,2) (-0.5,2) (-0.5, 4) (-2.5, 4) 100 %
Int6 — Ext7 | (-2.5,-4.5) | (-0.5,-4.5) (-0.5, -2) (-2.5, -2) 100 %
Int7 — Ext1 (-4.5,1) (-2.5,1) (-2.5, 2.5) (-4.5, 2.5) 100 %
Int7 — Ext3 (-4.5,2) (-2.5, 2) (-2.5, 4) (-4.5,4) 100 %
Int7 —Ext7 | (-4.5,-4.5) | (-2.5,-4.5) (-2.5,-2) (-4.5, -2) 100 %

Tabela 3 — An overview of the combinations of the indirectly related factors which meet

the established criterion

Tabnuua 3 — O630p KomMbuHayuli KOCBEHHO C8s13aHHbIX ¢haKmopos, KOmopbie

coomeemcmeyrom ycmaHO8J1eHHbIM Kpumepusm

Tabena 3 — lNpeaned kombuHayuja UHOUPEKMHO riogesaHuUX ¢hakmopa, Koje
3adososbasajy nocmasrbeHu Kpumepujym

Percent of the
projection surface

Fac_torg Vertices Coordinates (x,y) of the projection surface which belongs to
combination one of the
strategic
guadrants
Int1 — Ext2 (0.5, 0.5) (1.5, 0.5) (1.5, 2) (0.5, 2) 100 %
Int1 — Ext7 (0.5, -4.5) (1.5, -4.5) (1.5,-2) (0.5,-2) 100 %
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Percent of the
projection surface
Factors . . L which belongs to
combination Vertices Coordinates (x,y) of the projection surface one of the
strategic
guadrants
Int4 — Ext3 (1, 2) (2.5, 2) (2.5, 4) (1, 4) 100 %
Int4 — Ext7 (1, -4.5) (2.5,-4.5) (2.5,-2) (1, -2) 100 %
Int5 — Ext2 (-0.5, 0.5) (1.5,0.5) (1.5, 2) (-0.5, 2) 75 %
Int6 — Ext1 (-2.5,1) (-0.5, 1) (-0.5, 2.5) (-2.5, 2.5) 100 %
Int7 — Ext2 (-4.5, 0.5) (-2.5, 0.5) (-2.5, 2) (-4.5, 2) 100 %
Weakness Internal factors Strength
-10 8 6 4 -2 0 2 4 6 8 10
5
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Figure 3 — Surfaces of the alpha-cut projections for the factors which shape the strategic
options
Puc. 3 — lNnowade a-cedeHus 0151 hakmopos, Komopsie 0bpasyom cmpameaudyeckue
eapuaHma|
Cnuka 3 — lNospwuHe npojekyuja a-rnpeceka 3a ghakmope Koju 0biuKyjy cmpameaujcke
onyuje
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Strategic option 1 is formed on the basis of the combinations of
factors: Int 1 with Ext 1 and Ext 3; Int 2 with Ext 1, Ext 2 and Ext 3; and
Int 4 with Ext 1 and Ext 2. It can be formulated as follows: Through
intensive cooperation with educational institutions, local government
bodies, private forest owners and other stakeholders, based on the
existing resources and possible support of the state, enable the efficient
exploitation of the existing forest road network in order to achieve
extended forest functions and reduce the gap between new needs and
current abilities.

Strategic option 2 is formed on the basis of the combinations of the
factors: Int 2 with Ext 1, Ext 2, Ext 3 and Ext 7; Int 4 with Ext 1 and Ext 2;
Int 6 with Ext 2, Ext 3 and Ext 7; and Int 7 with Ext 1, Ext 3 and Ext 7. It
contains the elements of all four types of strategies (WO-WT-OS-ST).
The formulation of strategic option 2 is: Exploiting the opportunities
offered by the programs and support projects to provide funds for the
construction of new and maintenance of the existing forest roads, and
based on the existing legislation and growing interest of the society for
unconventional aspects of forest use, involving all stakeholders and
synergistic action at all levels, as well as the achievement of a potential
~Secondary“ profit from forests, establish a sustainable model for the
management of the forest road network.

Strategic option 3 is based on a combination of Factor Int 7 with
Factor Ext 7, as well as indirectly linked factors Int 1 and Int 4 with Ext 7.
As a mix of the WT and ST strategies, Option 3 can be formulated as:
Due to the lack of capital and insufficient investments, with the help of
educational institutions, prepare a framework for analysis, maintenance
and (re)construction of the forest roads, determine the priorities for
maintenance and (re)construction and create preconditions for
preserving the functionality of the existing forest road network.

After selecting the factors and defining the alternatives, the AWOT
hierarchical model of choosing the guidelines for the long-term
development of the forest road network is formed. The model is
structured in four levels (Figure 4). The first level represents the selection
goal - an optimal strategic option for the development of the forest road
network. At the second level, there are two groups of the SWOT factors
(internal factors and external factors). Each SWOT group contains
perceived strategic factors which make up the third level of the hierarchy,
while at the fourth level there are three defined alternatives - strategic
options.
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In the AHP procedure, by Saaty’s scale (Saaty, 1980), decision
makers express their own preferences. Transforming the preferences,
according to the procedure described by Saaty (Saaty, 1980), the
weighting coefficients of the elements in all hierarchical levels are
determined. At the end of the procedure, a decision maker has two
important pieces of information: 1) information about the significance of
the alternatives, and 2) information about the ranking of the alternatives.
In the presented case study, the AHP procedure is conducted using the
Expert choice 11 software. Based on the pairwise comparison of the
factors (the example of factors Ext 6 and Ext 7 is shown in Figure 5) and
the pairwise comparison of the alternatives (the example of Strategic
option 1 and Strategic option 2 is shown in Figure 6), priorities are
defined and the optimal strategic option for the forest road network
development is selected.

(Optimal strategic option of forest road network deve]opmentj

Interal factors Exteral factors
(Strengths and Weaknesses) (Opportunities and Threats)

[ Strategic option 1 j [ Strategic option 2 j Strategic option 3 j

Figure 4 — A’'WOT hierarchical model for the selection of the optimal development
strategy
Puc. 4 — AWOT uepapxudeckasi modesib 8bibopa onmumaribHolU cmpameauu pa3sumusl
Cnuka 4 — AWOT xujepapxujcku moden uzbopa onmumariHe cmpamezuje pa3soja

106




- Expert Choice _ DAAWOT modelaby

File Edit Assessment Inconsistency Go JTools Help
DEEY ISR Bz2ee |
gy e = O F ¥ A

987654321234 56783
Ext 6 R Ext 7
o
Compare the relative importance with respect to: External factors
Ext 1[L: 1,000] Ext 2 [Ext3 |Ext 4
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Ext3
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Ext5
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Figure 5 — Pairwise comparison of factors Ext 6 and Ext 7 and the priorities of the
external factors
Puc. 5 — CpasHeHue chakmopos Ext 6 u Ext 7 u npuopumemab! 8HEWHUX ¢hakmopos
Cnuka 5 — MeljycobHo nopefierse chbakmopa Ext 6 u Ext 7 u npuopumemu crosbalikux
gakmopa

[ Expert Choice  DAAWOT model.ahy

Eile Edit Assessment Inconsistency Go Tools Help

DEHY SRIBEBEEr |
% yw e = F ¥ A 0

387654321 23145670719
Strategic option 1 ey Strategic option 2

Compare the relative importance with respect to: Internal factors | Int 4

Strategic option 1 Strategic option 2 |Strategic option 3
Strategic option 1 2.0 3.0

Stratcgic optian 2 1 ] 50
Strategic option 3 meomooo

Figure 6 — Pairwise comparison of the alternatives and the relative importance of the
alternatives
Puc. 6 — NapHoe cpasHeHuUe U omHocumerbHas 8aXHOCMb afibmepHamue
Cnuka 6 — MehycobHo ropehere u pernamueHa 8axHocm asmepHamuea

The final result of ranking the strategic options is shown in Figure 7.
According to the results, in the context of the identified internal and
external factors, strategic option 2 has the highest priority (its relative
importance is the highest - 0.423).
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Figure 7 — The strategic options ranking results
Puc. 7 — Pe3ynbmamsl paHXupogaHusi cmpameauyecKux eapuaHmos
Cnuka 7 — Pesynmamu paHaupara cmpameaujckux onyuja

To test the reliability of the results and the sensitivity of the
FDA'WOT model, a sensitivity analysis has been conducted. The Expert
choice 11 software package enables five types of sensitivity analyses:
Dynamic, Performance, Gradient, Head to Head and Two-Dimensional
(2D Plot). In this paper, the Performance analysis has been chosen
(Figure 8).

The sensitivity analysis is aimed at uderstanding the changes in the
ranking order caused by the changes in the factor weighting coefficients.
The procedures introduce intentional changes in the factor weighting
coefficients to monitor the preferences of the alternatives in a ,what-if*
manner.

In this case study, the sensitivity analysis has been conducted
through four scenarios: Scenario 1 - Equal importance of the internal and
external strategic factors; Scenario 2 - Internal factors are more important
than the external factors; Scenario 3 - Internal factors are significantly
more important than the external factors, and Scenario 4 - External
factors are significantly more important than the internal factors.
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Figure 8 — Sensitivity analysis of the results (Performance analysis screen shot in the
case of the dominance of the external factors)
Puc. 8 — AHanu3s yyacmeumernbHocmu (CKpuHwom "AHanus aghghekmusHocmu" 8 criyHae
npeobnadaHus 8HeWHUX ¢hakmopos)
Cnuka 8 — AHanu3a ocemrbugocmu pe3ynmama (CHUMak ekpaHa ,AHanuse
nepgbopmaHcu” y crydajy doMuHayuje ekcmepHuUx ghakmopa)

The derived conclusions show the stability in the ranks of the
alternatives (the ranks stay unchanged and the gaps between the
preferences of the alternatives increase) for the first three scenarios. In
the fourth scenario, the gaps between the preferences decrease until
reaching the equality of strategic option 2 and strategic option 1.
Accordingly, the model is sensitive and strategic option 2 is steadily the
best option.

Discussion and conclusions

The presented hybrid FDA'WOT model is aimed to set up the
guidelines for the selection of a sustainable strategy. The chosen
strategy should be based on the current situation analysis and should
forecast future trends. The concept of the model consists of the
identification of the character of the strategic factors, the strategic options
formulation based on the most influential factors, and the evaluation and
prioritization of the strategic options in the process of pairwise
comparison according to the AHP procedure. Thereby, unlike the classic
qualitative approach, fuzzy logic provides a more objective treatment of
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imprecise, uncertain and subjective information. Also, in the AHP
procedure, factors with indefinite influence are taken into account. It
improves the information basis of decision making and quantifies the
selection problem.

In the case study, the proposed FA'WOT method was applied to the
problem of strategy selection for the development of the forest road
network in Serbia.The chosen option provides long-term guidelines for an
important aspect of forest management. The strategy defined on this
concept should ensure that the road network meets both current and
future forest management objectives, and responds to the needs of
society, environmental protection requirements, safety requirements, etc.
In addition, except for the forest road network long-term planning
problem, the FA'WOT method is applicable to any problem of strategic
planning.

The areas of possible improvement of the FA'WOT model are:
quantification of the involvement of the factors whose influence has a
dual character, in different strategic options; selection of the shape of the
fuzzy membership functions which, in the most appropriate way,
represents the characters of the factors; quantification of the
relationships among the factors in order to select ingredients in the
strategic options; expansion of the areas of the sensitivity analysis
deeper into the model (to analyse the sensitivity of the result when the a
value changes, 0 < a < 1, to analyse the sensitivity of the result when the
selection criteria of factors relevance change, etc.).
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MOLE/b NPUHATUA PELLEHWW B YIPABITEHUW CETbBIO
NECHbIX oOPOI

CpoxaH X. Anmny, CpoxaH [. JTto6oeBny
YHuBepcuTeT 06opoHbl B r.6enrpag, BoeHHas akagemus,
HenaptameHT no noructuke, r. benrpag, Pecnybnuka Cepbus

OBNACTb: gBwxeHue 1 TpaHcnopT
BWO CTATbW: o63o0pHasa ctatbs
A3bIK CTATbW: aHrnunckmn

Pe3some:

Okerinyamayus 11ecHbIX pecypcos u ocmuXKeHuUe MoJsIHo20 nomexyuarna
JlecHo20 xo3slicmea 3asucsm om [IoMHOCMU U Kayecmea cemu
niecHbIx dopoe. NockornbKy cemu fiecHbIX O0po2 8bIMNOMHAM He O0HY, a
HECKOMIbKO  QOyHKUUU, MO UX C MpasoM MOXHO CHUmamb 4pe3gbiyaliHo
3HaYUMbIM CmpameauYyecKkuM bakmopoM 8 yrpassieHuUu J1eCHbIM
xozsiticmeom. [Npu naHUpPo8aHUU pa3sumusi cemu fiecHbix 0opoe nuua,
MpUHUMarowWue peweHusi, OO/MKHbI y4UMmbI8amb MHO204UCIIEHHbIE
MexHOo/I02UYecKUe,  3KOHOMUYecKuUe,  couyuasbHble U PUpPOOHO-
aKoroaudeckue ¢hakmopsl. [lpu amom Heobxodumo rpudepxueamecsi
KOMIIIEKCHO20 U (byHKUUOHanbHo20 nodxoda. B Hacmoswel cmambe
npedcmaenieHa  aubpudHass ~ Memodosioaudeckasi — OocHoea  Orist
pa3pabomku MPUHYUNos, Komopbie nomoaym ornpedennums cmpameauro
pasgumusi 2ocyGapcmeeHHoU cemu necHbix dopoa. B daHHOU cessu
npednacaemcsi  He4Yémkasi moodugbukayus memoda  A'WOT.
lpednoxeHHas moOerb, HasgaHHas Modesnbio FDA'WOT, ocHosaHa Ha
udee coyemaHusi He4émkoeo aHanusa Oenbgu, Hedyémkozo SWOT
aHanusa (Cunbi - Strengths, Cnabocmu - Weaknesses, LlaHcbl -
Opportunities, Yeposel - Threats) u AHanumu4deckoz2o Mepapxuveckoeo
lpouecca (AHP), komopoe ¢hbopmupyem KoHUenmyarsbHble pamku Orisi
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eblbopa onmumaribHO20 Ccmpameaudyeckozo eapuaHma. Moderb
FDA'WOT nomoxem npeodoniems ripobrnemy knaccudeckozo SWOT-
aHanu3sa, cesi3aHHyt0 C HEeYEMKOCMbIO U HEONpPeOerieHHOCMbIO 8 OUEHKe
xapakmepa, go3deticmeusi u omHocumerbHoU gaxHocmu
cmpameaudeckux ¢hakmopos. 3Oma Mmodesib rnpedcmaensiem cobol
gopmarsibHyt0 OCHo8y Or1si MPUHSIMUSI MHO20KpUMEpPUasibHbIX peleHud,
Komopasi  ro3gonisem  aHanaumuyeckum  criocobom  onpedenumes
fpuopumem  anbmepHamueHbIX CMmpameau4yeckux eapuaHmos U
8blbpamb ny4dwuli u3 Hux. lNpednazaemasi modesnib pa3pabomaHa Ha
npumepe e8blbopa cmpameauyeckozo eapuaHma fpu passumuu cemu
niecHbix dopoe 8 Pecriybriuke Cepbusi. lNpedcmasneHHble pe3yibmambl
rnokasbigarom, 4mo molenb FDA'WOT cosGaem ycriogusi 0ns
paspabomku ycmou4ugol cmpameauu.

Knoyesble crniosa: cemb rnecHbIX 00poe, MpuHSmMuUe peweHul,
cmpameeausi, Mmolenb FDA'WOT, Heuyémkuli memod Odenbgu,
Heuémkuti SWOT, AHP.

MOLEN OANTYHYNBAHA MNPU YTIPABIbAHY MPEXOM LHYMCKNX
MYTEBA

CphaHx X. Qumuh, Cphan . I'by6ojesuh
YHuBepanteT oabpaHe y beorpaay, BojHa akagemuja, Kateapa noructuke,
Beorpag, Penybnuka Cpbuja

OBJ1ACT: caobpahaj u TpaHcnopT
BPCTA YJIAHKA: npernegHu YnaHak
JE3UK YJTIAHKA: eHrnecku

Caxemak:

Ekcninoamauyuja wyMckux pecypca U ocmeapere rfyHo2 rnomeHuujana
wyma 3asuce 00 eycmuHe U Keanumema Mpexe WyMCKux rnymeea. Kako
mpeba da 3a0080sbU sUWE hyHKUUja, OHa UMa cCmpameaujcKu 3Ha4vaj y
ynpasrbarby wymama. [lpu nnaHupawy paseoja Mpexe WyMCKUX
nymeea, JOoHocuouyu o0Onyka Mopajy Oa ysmy y 063up 6pojHe
MexHOMIoWKe, €eKOHOMCKe, OpywimeeHe U rpupoOHe — eKorowKe
gakmope, wmo 3Ha4u Oa je HeorxodaH ceeobyxeamaH U ¢hyHKUUOHanaH
rpucmyri. Y ogom pady fpukasaH je XubpudHu MemodoioWKU OKeUp 3a
gopmynucare cMepHuUUa Ha Kojuma mpeba dechuHucamu cmpemeaujy
paseoja OpxxasHe Mpexe WYyMCKUX rymeea. Y my cexy npedrioxeHa je
fuzzy moducpukauuja A'WOT memode. [lpednoxeHu modesn, Ha3eaH
FDA'WOT moden, 3acHosaH je Ha udeju 0a ce Kpo3 KombuHauyujy fuzzy
Oengpu mexHuke, fuzzy SWOT (cHaze — Strenghts, cnabocmu -
Weaknesses, waHce — Opportunities, npemme — Threats) aHanuse u
aHanumuykoe xujepapxujckoe npouyeca (AHP) obe3bedu KoHUenmyarsnHu
okeup 3a usbop onmumarnHe cmpamezaujcke onuuje. FDA'WOT moden
omoeyhaea npeeasunaxere rnpobnema knacudHe SWOT aHanuse koju
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ce o0Hoce Ha HeodpeheHocmu U Heu3gecHoCmu MpUSIUKOM rpoueHe
Kapakmepa, ymuuaja U peflamueHe 8aXHOCmU  CImpameaujcKux
gakmopa. OH npedcmaessrba ¢hopMariHU OKeUp 3a 8ULLEKPUMEPUJyMCKO
odny4qusarbe, Koju omoeyhasa Oa ce Ha aHanumuyaH HaduH odpedu
fpuopumem anmepHamueHUX cmpameaujckux onuuja u u3abepe
onmumariHa. [lpednoxeHu ModOesl NMPUMEH-eH je Ha rnpumepy u3bopa
cmpameaujcke onyuje passoja Mpexe WyMCKux riymesa y Penybnuyu
Cpbuju, a npeseHmosaHu pe3ynmamu roka3syjy da FDA'WOT moden
cmeapa ycrioge 3a chopmyrnayujy odpxxuee cmpameauje.

KrbyuHe peyu: mMpexa wyMcKux nymeea, odny4dusarme, cmpameauja,
FDA'WOT moden, fuzzy dencpu, fuzzy SWOT, AHP.
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Summary:

The characteristics of plasma spray coatings are directly related to the
type of process applied (APS - atmospheric plasma spray, VPS - vacuum
plasma spray, and SPS - suspension plasma spray), the characteristics of
the powder and the powder deposition parameters. The properties of
plasma spray coatings can be changed and adjusted depending on the
operating conditions, i.e. the purpose of coatings. Applying the same
powder in the deposition process can lead to coatings of different
properties, depending on their purpose. If the deposited coating is
intended for corrosion protection and biomedical application, it is
necessary that the coating is compact. When the coating is deposited for
the purpose of thermal insulation, it should be porous. Powder particles in
the plasma are spherical liquid drops which, in collision with the substrate,
form a lamellar structure of the coating. A higher degree of powder melting
and a higher velocity of molten droplets lead to a denser structure of
deposited layers. When colliding with the substrate, deposited particles
transfer heat to a working part until cooling to ambient temperature. If the
working part is cooled by compressed air, molten droplets solidify
extremely quickly with columnar crystals in lamellae. The aim of this paper
is to describe the influence of temperature and velocity of powder particles
on the deformation and hardening of particles defined by the D/d ratio,
chemical changes in molten particles as well as porosity, crystal changes,
and internal stresses in coatings.

Keywords: APS, VPS and SPS process, adhesion/cohesion, structure,
porosity, internal stresses.
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Introduction

The properties of plasma spray coatings depend on: the degree of
melting of powder particles, the degree of deformation of individual
particles in collision with the substrate, their interaction upon impact on
the substrate surface and the interactions of lamellae at the contact
during deposition and layer solidification. In the process of deposition,
higher temperature and velocity of molten droplets increase coating
adhesion, cohesive strength, tensile strength and resistance to friction
fatigue, while reducing coating brittleness, which all affects the length of
coating service life (Li et al, 2006, pp.1166-1172), (Sobieszczyk, 2010,
pp.30-42). The characteristics of deformation and flattening of molten
droplets of powder particles during deposition are of utmost importance,
defined by the D/d (D - diameter of a deformed particle, and d - diameter
of an injected particle) ratio. One of important parameters which affect
the coating characteristics is contact temperature (Tc) at the interface
between the substrate and the deposited layer. An increase in contact
temperature (Tc) increases the coating — substrate adhesion strength
and the density of layers in the coating. Adhesive strength determines
the coating quality, while the cohesive strength of layers determines the
coating service life (Bull, Rickerby, 2001, pp.181-228). The melting point
of powder particles is often higher than the melting temperature of the
substrate on which the coating is deposited, so the contact temperature
can increase the temperature of the substrate. The increase in the
substrate temperature significantly affects the stress state of the
substrate / coating interface, which directly reflects on the interface
fracture toughness. In some cases, it can cause fatigue in deposited
layers, which causes micro and macro cracks in coating layers followed
by peeling or separation of coating layers from the substrate surface
through coating layers. Also, due to large temperature differences, at
some places on the coating surface, segmental micro cracks can occur
due to large difference in tensile stress caused by the substrate
expansion and shrinkage stress during the solidification of deposited
particles (Mrdak, 2016, pp.411-430). In extreme cases, the substrate
may be deformed. This can happen during the process of melting and
depositing powder particles of refractory metals such as W, Nb, Ta, Mo,
Ti, etc. The same phenomenon can occur in the deposition of inorganic
bioinert ceramics: TiO,, Al,O3, ZrO,, ZrO,Y,03, and Cr,0O; as well as
carbides WC, TC, BC, CrC, etc.
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This paper describes the D/d ratio of the particles of Al,O3 inorganic
bioinert ceramics depending on the temperature and velocity of powder
particles of different granulation. The aim of this study was to describe
the chemical changes in molten particles, the crystal changes in
deposited particles, porosity in coatings and its effect on the mechanical
properties of the deposited coatings, and stresses in coatings.

Effect of temperature and velocity of powder particles
on the D/d ratio

During powder deposition, it is necessary to set parameters so that
particles have optimal temperature and velocity (kinetic energy) for a
certain type of powder of specific physical characteristics and
granulation. The substrate temperature also affects the quality of the
coating and during deposition it is necessary to maintain the substrate
temperature within certain limits without causing side effects. The contact
temperature (Tc), which directly influences the D/d ratio, depends on the
substrate preheating temperature and on the powder melting point, as
well as on powder thermal conductivity and cumulativity. The parameters
are always set to achieve the highest D/d ratio. Ignoring the effect of
surface stresses and the assumption that molten particles flatten before
solidification has led to the execution of the terms of the D/d ratio defined
by equation 1 (Sivakumar, Nishiyama, 2004, pp.485-489),

0.2
D/d :1,29(Mj (1)
7,

where: is p - density of particles u - viscosity of particles, Vd — velocity of
particle impact on the substrate. For Al,O3; ceramics used in the process
of biomedical coatings, temperature and velocity of powder particles are
very important. The Al,O3; powder particle velocity of 100 m/s - 400 m/s is
obtained by the ratio of D/d = 3 - 6 (Mishin et al, 1987, p.620). Figure 1
shows the D/d ratio for Al,O; powder with a particle surface temperature
of 2300 °C depending on particle velocity for the following granulation
values: 5, 10, 20, 30 and 35 uym (Vardelle et al, 1993, pp.79-91). For a
powder surface temperature of 2300 °C, the D/d ratio increases with an
increase in particle velocity regardless of the granulation size.
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Figure 1 — The D/d ratio depending on the velocity of Al,O3 particles
Puc. 1 — CoomHoweHue duamempa D/d e 3agucumocmu om ckopocmu yacmuy Al;O3
Cnuka 1 — OdHoc npeyvHuka D/d y 3asucHocmu 00 6p3uHe yecmuua Al2Os

With an increase in velocity, the particle kinetic energy increases,
which causes a higher degree of flattening of molten particles on the
substrate surface. The lowest value of the D/ ratio, i.e. 2.4, is found in
particles of 5 ym deposited with a velocity of 100 m/s. For particles of 35
Mm and a velocity of 100 m/s, this ratio is much higher and amounts to
D/d = 3.5. For the finest particles with a maximum speed of 350 mm/s,
the D/d ratio is 3.0 and does not reach the levels of the largest particles
with a minimum velocity. The highest D/d ratio of 4.3 is achieved with
particles of the grain size of 35 um. Figure 2 gives the D/d ratio for Al,O3
powder with a particle velocity of 300 m/s depending on the surface
temperature of molten particles for the granulation values of 5, 10, 20, 30
and 35 um. The surface temperature of powder particles has a similar
effect on the D/d ratio as the velocity of particles. With an increase in
particle surface temperature, particle plasticity increases causing more
pronounced flattening of molten droplets on the substrate surface. For
the lowest particle surface temperature of 2000 °C, the lowest D/d ratio of
2.4 is found in the particles with the smallest size of 5 ym, and the
highest D/d ratio of 3.5 is found in the biggest particles of 35 ym.
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Figure 2 — The D/d ratio depending on the temperature in Al;O3 particles
Puc. 2 — CoomHoweHue D/d e sasucumocmu om memnepamypbl yacmuy, Al,O3
Cnuka 2 — O0Hoc D/d y 3asucHocmu 00 memnepamype yecmuuya Al,O3

When temperature increases to 2900 °C, the D/d ratio increases to a
maximum value. For the 5 um granulation, the D/d ratio is 4.0, and for
the granulation of 35 ym, the D/d ratio is 6.0. If we compare the effects of
particle velocities and the surface temperatures of particles of different
sizes on the flattening degree, it is clear that the D/d ratio is influenced
more by the surface temperature of powder particles (Vardelle et al,
1993, pp.79-91).

Chemical changes in molten particles and crystal
changes in coatings

In molten powder particles, chemical changes can occur as a result
of the reaction of liquid droplets with the plasma jet. High plasma
temperature is suitable for the reactions such as oxidation, reduction and
thermal decomposition of the initial powder phases. Many metals absorb
a significant amount of oxygen during deposition, oxides lose oxygen and
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nitrides lose nitrogen. The chemical reaction is determined by the plasma
gas diffusion into the liquid phase of molten particles. When HJ/Ar or
He/Ar are used as plasma gases, diffusion is carried out with a fairly low
speed of 10™ to 10"'sec in comparison to the particle melting time of 10"
‘sec. During the deposition of Al,O; powder with a mixture of N./Ar as
plasma gas, aluminum from the oxide reacts with nitrogen. The result of
this reaction is the formation of the AIN phase. Oxidation is a major
problem, especially in metals such as tungsten, molybdenum and
titanium. Some oxidized particles can be seen in coatings. The oxidation
of powder particles is very important and affects porosity as well as
cohesion and adhesion strength. The problem is greater in the oxidation
of carbides. Oxygen binds carbon from the carbide so that the carbide
decomposes. The carbide decomposition is favored by high temperature
of plasma. Thermal decomposition of carbides is incomplete due to short
time powder particles spend in the plasma jet (Qiao et al, 2003, pp.24-
41).

Extremely rapid cooling of the liquid phase of the material deposited
may affect the suppression of the crystallization of particular phases. A
typical effect was tested with AlL,O; particles. The coating is
predominantly composed of one or more metastable phases, with the
mostly dominant a-Al,O; phase and a smaller share of the y-Al,O3
phase. The formation of metastable phases can be explained by lower
free energy for the creation of spinel cells from the liquid phase when the
subcooling is below the equilibrium melting temperature due to rapid
cooling. The phases are separated by transformation from one to another
metastable phase. Different metastable phases are separated depending
on the deposition parameters, the size and shape of particles and the
substrate temperature. The ratio between substrate and coating cooling
during powder deposition is very important. When the substrate is cooled
during deposition, the cooling rate of particles is between 10* and 10°
K/s. In order to obtain coatings which contain only the a-Al,O3 phase, it is
necessary to heat the substrate to a temperature of 1100 °C (Yang et al,
2006, pp.1649-1653). The a-Al,O; phase is always present in the coating
with a share of 10% to 25%, because of the incomplete melting of powder
particles which serve as centers of crystallization (Friis et al, 2001,
p.115).

During deposition, the starting a-Al,O; phase with a density of 3.98
to 4.0 g/lcm® is transformed into the y-phase with a density of 3.3 to 3.4
g/cm?®, which is stable up to a temperature of 1050°C (Yang et al, 2008,
pp.1649-1653). Due to its lower density, the separated y-phase increases
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porosity and decreases the mechanical properties of the coating. For
metals and alloys, the cooling rate of molten particles is higher and
ranges from 10° to 10® K/s (Johnston, 2009, pp.1004-1013). For
superalloys with this cooling rate ratio, it is possible to obtain very fine
grain sizes from 0.25 to 0.5 um, which gives very good mechanical
properties of the coating. If coatings are overheated at temperatures from
100 to 1200° C, higher density and better mechanical properties are
obtained (Mrdak, 2015, pp.337-343). In some coatings, during the
deposition of molten droplets, crystals become conveniently directed
relative to the substrate surface. This refers primarily to Cr,O3; oxide,
where the c¢ - axis and the basal planes are conveniently directed relative
to the surface, thus giving it high resistance to friction. This also applies
to the hexagonal structures of the coatings of W,C, CoW and CoMo
which have a low friction coefficient. These coatings, therefore, have a
friction coefficient lower than 0.15 (Hakan et al, 2008, pp.259-265).

Porosity of coatings

Depending on coating purposes, the share and size of pores,
together with their distribution through layers, are of key importance for
the mechanical properties of the coating (Mrdak et al, 2015, pp.337-343).
High porosity in layers reduces the coating strength: it increases the
coating brittleness, reduces the brittleness of the interface fracture and
friction resistance, as well as resistance to oxidation and corrosion. The
cause of pore formation in the coating is the uneven granulation of
powder particles injected into the plasma jet which move along different
paths through the plasma jet. Porosity is present in the coatings which
consist of tough and fully melted powder particles. Substrate surfaces
and molten particles may contain air or gas which also causes the
formation of pores at the interface, reducing adhesion. If particles have
high temperature and high velocity when impinging the substrate, liquid
drops of molten particles are sprayed causing high porosity in the coating
layers. In the coatings deposited at atmospheric pressure, porosity is in
the range from 5 to 20% (Mrdak et al, 2015, pp.337-343).

Materials such as TiO,, Al,O3TiO,, Cr,O; and NiO form coatings
with an average porosity below 4%. In Al,O; and ZrO, coatings, porosity
ranges from 4-8%, while porosity in thermal barriers (ZrO,Al,O3,
ZrO,Y,03, ZrO,Ca0, ZrO,MgO, ZrO,Y,03;CeO,, etc.) ranges from 8 to 15
% (Mrdak et al, 2015, pp.337-343), (Mrdak, 2017, pp.30-44). Pore share
and size in the coating are directly related to the angle at which the
molten particles are deposited and to the tension of deposited particles.
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TiO, powder particles have half the strength of the Al,O3; surface;
therefore, TiO, coatings have for 2.5% lower porosity compared to Al,O;
coatings. Generally, the coating porosity is linked to the size of powder
particles, their velocities and temperatures in the moment of impact with
the substrate. It is clear that the lowest porosity is obtained with particles
that are well melted and have high velocity. Coating layers have a
porosity of 23% with Al,O3; particles of a granulation of 18 um deposited
on the substrate from a distance of 75 mm. When the distance to the
substrate is reduced to 50 mm, powder particles gain maximum velocity
and reduce the proportion of pores to 11% (Vardelle et al, 2001, pp.267-
284). High-speed plasma jets are suitable for the preparation of coatings
with low porosity. High power supply allows for a faster transfer of heat
and velocity of plasma particles onto powder particles. The application of
a high-power plasma gun is limited; the gun is not used for the deposition
of powder with a small coefficient of thermal conductivity because the
particle surface vaporizes while the particle core remains unmolten.

Internal stresses in coatings and on the interface

Generally, it can be said that powders of tough materials give tough
coatings with low percentage of residual stresses, while ceramic powders
produce brittle coatings with a considerable share of residual stresses.
The internal stresses in coatings are the result of different temperatures
and coefficients of thermal expansion of substrates and coatings. The
substrate bond with the ceramic coating is non-metallic; therefore, the
bond strength values are lower than the values achieved with metal
coatings. The increase in coating thickness leads to the reduction of
bond strength. For some ceramic coatings the thickness of which is up to
0.1 mm, the bond strength values range from 30 to 40 MPa. For the
thickness values up to 0.3 mm, these values are smaller and range from
5 to 10 Mpa. If the thickness values are over 0.5 mm, strength values
reach only 4 MPa (Moridi et al, 2014, pp.449-459). Since coatings consist
of several layers, stresses also increase with the coating thickness. In
order to reduce stresses caused by the temperature difference and the
coefficients of thermal expansion, it is necessary to cool down the
substrate and the deposited layers during deposition. Also, if there is a
low temperature difference between the substrate and the deposit, this
may cause cracking and spalling of the deposit from the substrate. Within
individual sections in the coating, micro-cracks can occur, as well as
within the entire coating. Micro-cracks in the coating occur as a result of
the influence of the substrate on the shrinkage of molten particles during
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solidification. The shrinkage of molten powder particles is always limited
because of the influence of the substrate. The values of residual stresses
mostly depend on the ratio of thermal expansion coefficients and on the
elasticity coefficient between the substrate and the coating (Mrdak et al,
2015, pp.337-343). Also, there is the influence of yield and plastic
deformation of the coating and the substrate on the value of residual
stresses at the interface. Macro cracks may occur In the coating after
cooling the coating structure to ambient temperature due to a large
temperature gradient between the substrate and the coating layer during
deposition, as well as due to differences in the coefficients of thermal
expansion (Mrdak, 2017, pp.30-44). High levels of stress at the interface
could cause peeling of the coating, while high levels of tensile stresses
could cause internal cracks in the deposit. Residual compressive
stresses in ceramic coatings could even be beneficial for the increase of
fracture strength. In order to reduce stresses in coatings, it is necessary
to reduce the temperature gradient between the substrate and the
coating. This allows the shrinkage of the coating at lower temperatures
during solidification. Therefore, during the deposition of powder particles,
coating primary and secondary cooling (after powder deposition) is
applied. However, despite cooling both the coating and the substrate, it is
extremely difficult to reduce stresses in the coatings with low coefficients
of thermal conductivity, especially in the case of thicker coatings. Internal
cracks in the deposited layers are formed as a result of lower resistance
of layers to tension and compression. In ceramic materials, compressive
strength is higher than tensile strength. Residual stresses are usually the
result of different coefficients of expansion of the layers a1 and the
substrate a2. If a1> a2, the coating will be bent and deformed as shown
in Figure 3 or it will be exposed to tensile stresses if the coating is
deposited on thicker substrates. When ceramic powders are deposited
on metal substrates, the coating will be distorted or subjected to
compressive stress, as shown in Figure 4.

By
s

Figure 3 — Stresses in the coating for a: > a>
Puc. 3 — HanpsikeHusi 8 nokpbimuu 0151 a1 > a3
Cnuka 3 — HanoHu y npesnayu 3a as; > az

as > do
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Figure 4 — Stresses in the coating for as < a;
Puc. 4 — HanpsixkeHusi 8 nokpbimuu 051 a1 < Az
Cnuka 4 — HanoHu y npeenayu 3a a; < az

High stresses in layers will be reduced through cracks or through
separation of the coating from the substrate. During deposition,
controlling layer temperature is of primary importance, especially for
materials with a low coefficient of thermal conductivity. If temperature
during the deposition process is not under control, a large temperature
gradient may appear between the upper and lower surface layers, which
is undesirable. In the coatings with changes in volume due to phase
transformations, residual stresses are increased. These stresses are also
increased during exploitation as a result of cyclic phase transformations.
For example, heating the metastable y - Al,O; phase at temperatures
above 1050 °C will transform it into the metastable o - Al,O; phase
followed by an increase in volume, which adds to residual stresses (Yang
et al, 2006, pp.1649-1653). The same is the case with the metastable
tetragonal t - ZrO, phase which, at temperatures above 1100 °C under
the influence of stress, transforms into the monoclinic phase of m - ZrO,
accompanied by an increase in volume. Phase transformations occurred
in service will further increase stresses in coatings and reduce coating
resource. Due to the above, porosity in coatings is preferred in e.g. filters
and thermal barriers. Desired porosity levels can be easily obtained in
coatings as well as controlled through powder granulation and the
location of powder injection into the plasma jet.

Conclusion

This article describes the impact of temperature and velocity of
powder particles on the D/d ratio, chemical changes in molten particles
and crystal changes in coatings, porosity in coatings and internal
stresses in coatings and at the interface. Based on the above, the
following conclusions can be drawn.
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The powder deposition parameters are always adjusted so that the
highest D/d ratio is obtained for injected particles. The D/d ratio increases
with increasing particle velocity and temperature regardless of the size of
granulation. The comparison of the effect of particle velocity and the
effect of the temperature values of particle surfaces of different
granulations on the flattening degree has shown that the surface
temperature of powder particles has a greater impact on the D/d ratio.

In molten powder particles, chemical changes (oxidation, reduction
and thermal decomposition of the powder initial starting phase) occur as
a result of the reaction of liquid drops with the plasma yet. Extremely
rapid cooling of the liquid phase of the depositing material may affect the
suppression of crystallization of individual phases. Different metastable
phases are separated depending on the deposition parameters, the size
and shape of the particles and the substrate temperature. Chemical and
crystal changes in the deposited particles significantly affect porosity,
cohesion and adhesion strength, fatigue and wear, which is why it is
necessary to apply strict control of the coating production process.

Porosity in layers reduceses coating strength, increases coating
brittleness, reduces interface fracture brittleness and abrasion resistance
as well as resistance to oxidation and corrosion. Pores in coatings are
formed due to uneven granulation of powder particles that are injected
into the plasma jet and move along different paths through the plasma
jet.

The internal stresses in coatings are the result of different
temperatures and coefficients of thermal expansion of substrates and
coatings. If a;> a,, coatings are to be bent and deformed on thicker
substrates. If a; <a, when depositing ceramic powders on metal
substrates, the coating will be deformed or subjected to compressive
stress. High stresses in layers will be reduced through cracks or through
separation of the coating from the substrate. In order to reduce stresses
caused by the temperature difference between the coefficients of thermal
expansion, it is necessary to cool down the substrate and deposited
layers during deposition.

The article displayed some of the important parameters affecting the
characteristics of plasma spray coatings, which must be taken into
consideration when creating a coating for a given purpose.
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XAPAKTEPUCTUKW MOKPbLITUA, HAHECEHHOIO BO3YLLUHO-
MNASMEHHBLIM HAMBITEHWNEM

Muxauno P. Mpaak
LleHTp uccnegosanun n paseutusa A.O. «MMTEJT koMmyHMKaummy,
r. benrpag, Pecnybnuka Cepbus

OBJNIACTb: xumun4yeckme TexHomnormm
BWO CTATbW: npogeccroHanbHas ctaTbs
A3bIK CTATbW: aHrnuickuin

Pe3some:

Xapakmepucmuku nokpbimud, HaHEeCeHHbIX rna3mMeHHbIM
HarblfieHUeM HarnpsMyro 83aumocesisaHbl C 68UOOM MPUMEHSeMO20
npoyecca (APS - atmospheric plasma spray, VPS - vacuum plasma
spray u SPS - suspension plasma spray), ceolicmeamu riopowika u
napamempamu  ocaxOeHuss  riopowka. Ceolcmea  nokpbimud,
HaHECEHHbIX M/1a3MEeHHbIM HarbiieHUeM, Moaym Obimb U3MEHEHbI U
rpucrnocobrieHbl K yCcriogusIM 3Kcryamauyuu U ux HasHadyeHuro. [lpu
ucronb308aHUU 00HOZ0 U MO20 Xe MopowKa 8 rnpoyecce ocaxoeHust
Moeym 6bimb 07lyYeHbl pasfuyHble ceolicmea rnoKpbimul 8
3agucuMocmu Om UX Ha3HadyeHusi. Tak, Harnpumep, ecsu MoKpbimue
npedHa3Ha4yeHo ons aHMUKOPPO3UOHHOU 3awumsl unu
buomeOUUUHCKUX HYX0, mo Heobxodumo 4Ymobbl OHO 6bII0 Kak MOXHO
6os1ee KoMnakmHbIM. B mo epemsi KaK rpu HaHeceHuUU rMoKpbimusi Ons
Hy>0  mepmou3donsayuu  brazonpusamHbiM  ceolicmeom  6ydem
cyumambCcs nopucmocms. Yacmuubl nopowka 6 nnasmeHHoU cmpye
npedcmaensom coboli Karnu XuOKocmu, umeruwue cehepuqyeckyro
¢opmy, KOomopblie [pu cuersieHuu ¢ rnodroxkolu obpasyrom
nlamMuHapHyto cmpykmypy nokpbimus. Yem ebiwe memmnepamypa
rasneHus nopowka u 4dyem boble CKOpPOCMb Karesb pacrijiasa,
mem njomHee bydem cmpykmypa HaHeceHHbix cnoes. [lpu
CMOKHOBEHUU C MOOMIOXKOU ocax0eHHble Yacmuubi repedarom
menno paboyel nogepxHocmu 00 MOMeHma ux oxnaxdeHusi 00
memnepamypbl okpyxarowel cpedbl. B cnydasx, koz0a paboyas
rnogepxHocme oxriaxdaemcsi CxambiM 8030yXoM, omeepxOeHue
Kanesnb pacrisiasa ycKopsiemcs MakcuMalbHO CO cmosibyambimu
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Kpucmannamu 8 namernsx. Lenbo 0OaHHolU pabombl A67570Ck
ornucaHue moeo, kKakum obpa3oMm memrepamypa U CKOpoCcmb Yacmuy,
rnopouwka enustom Ha obpasosaHue degopmayuli U 3ameepOeHus
yacmuu, komopsble onpedensom coomHoweHue D/d, nopucmocme 8
Cr105IX MOKPbIMUS, XUMUYECKUe peakyuu 8 Yyacmuuax pacriaea u Ha
Kpucmarnnu4eckue U3MEHEHUsI 8 CI0sIX MOKPbIMUs, ropucmocms U
B8HYMPEHHeE HanpsiKeHUe MoKPbIMUS.

Knwuesblie cnosa: APS, VPS u SPS npouecc, adzesusi/koee3sus,
cmpyKkmypa, nopucmocms, 8HYMPEHHUE HarNPsKEHUS.

KAPAKTEPUCTUKE MIA3MA CIIPEJ NPEBJIAKA

Muxauno P. Mpaak
VcTpaxuBayku n passojHu ueHtap UMTEI komyHukaumje a.a., beorpaa,
Peny6nuka Cpbuja

OBJIACT: xemujcke TexHonoruje
BPCTA YJTAHKA: cTpy4H/ YnaHak
JE3VWK YJTAHKA: eHrnecku

Caxemak:

Kapakmepucmuke rinasma cripej npesnaka cy y OUPEKMHoj ee3u ca
epcmom ripumerseHoe npoueca (APS — atmospheric plasma spray, VPS
— vacuum plasma spray u SPS — suspension plasma spray),
Kapakmepucmukamva rpaxa U rnapamempuma Oerosuyuje rnpaxa.
Ceojcmea nnasma cripej rpesnaka Moay ce Meramu U riodewasamu y
3asucHocmu 00 paldHuUx ycroea, OOHOCHO HameHe npeenaka. [lpu
ynompebu ucmoe npaxa y nocmyrnky Oerosuyuje moegy ce rnocmuhu
pasnuyuma ceojcmea rpesrnake, 3a8UcHO 00 HaMmeHe. AKO ce rpeeriaka
OerioHyje 3a KOPO3UOHy 3awmumy U OGUOMEOUUUHCKY PUMEHY,
HeorloxodHo je Oa b6yde komriakmHa, a kala ce OerioHyje padu
mornnomHe u3onauyuje noxesbHo je da 6yde noposHa. Yecmuuye npaxa y
nrnasmu cy meyHe Karnu cgbepHoe obriuka Koje y cydapy ca rnodro2om
opmupajy namenapHy cmpykmypy ripeenake. Behu cmeneH morrbera
npaxa u eeha 6p3uHa UCMOMNM/LEHUX Karu fpou3eodu a2ywhe cmpykmype
OerioHogaHuX criojega. Ha koHmakmy ca nodnoeom deroHosaHe
yecmuuye rpeHoce morsiomy paodHoM Oenly 0o xnahema Ha
memriepamypy OKOMuHe. AKO ce padHu 0eo xriadu KOMIPUMOBAHUM
sa3dyxomMm, ouyspwhasare UCMOM/bEHUX Karnu odsuja ce eKCMPEeMHO
6p30 ca cmybacmum Kpucmarsnuma y famenama. Ljurs pada jecme Oa ce
onuwy: ymuuaj memnepamype u bpsuHe yecmuuya rnpaxa Ha
Oecbopmauyujy u odepuwhaeare yecmuua koje OegpuHuwe odHoc D/d,
Mopo3HOCM Yy rpeeriakama, XeMUjCKe [POMeHe Y UCMOMNIbeHUM
yecmuuyama U KpucmarsiHe [rpoMeHe Yy rpeeriakama, M[opo3Hocm 'y
rpesnakama u yHympauiHsU HaroHU rnpessaka.

Kmbyyne peyu: APS, VPS u SPS npouec, adxesuja/koxesuja,
cmpykmypa, Mopo3HOCM, yHympauitU HarnoHu.
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Abstract:

Information, as one of the important factors of armed conflicts, greatly
influences the physiognomy, the direction and the speed of the
development of contemporary confiicts. It expresses the availability of
knowledge and data necessary for successful command and control at all
levels. Its availability reduces the uncertainty in military activity and
enables a better assessment of the situation, as well as making relevant
decisions in real time. In the paper, the Telecommunications and
Information System (TkIS) of the Serbian Armed Forces (SAF) is looked at
from several aspects, and the issue of the need for improvement of the
existing system, imposed by constant development of information
technologies, is being updated. The concept, purpose, structure and level
of development of the TkIS are dealt with in the paper, particularly the
level of development of the SAF TkIS and its cause-effect relation with the
defense of the Republic of Serbia, with a focus on military defense. The
aim of this paper is to examine the impact of the Serbian Armed Forces
telecommunications and information system on the defense of the
Republic of Serbia with the emphasis on military defense, and to point out
the need for continuous improvement of the TkIS and continuous
education, i.e. adequate and timely training of the personnel for its use for
military defense. The importance of the work is in the analyzed state of the
Serbian Telecommunications and Information System in relation to the
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needs of the military defense of the Republic of Serbia in the context of
contemporary security challenges.

Key words: information, telecommunications, Serbian Armed Forces,
military defense, satellite networks, fixed networks, internet.

Introduction

In accordance with the security environment and with recognized
challenges, risks and threats to the defense, the Republic of Serbia has
defined its vital defense interests. Defense interests are an expression of
the highest values and needs of the Republic of Serbia that are
constantly being realized and improved, and they as such represent the
purpose of existence and functioning of the defense system. Creating a
unique and efficient defense system of the Republic of Serbia is possible
only with a comprehensive and sustainable development of both military
and civil defense. The application of the concept of total defense, through
the integral engagement of defense entities and defense potential,
enables a uniform participation of all parts of society in the preservation
and improvement of vital defense interests.

The command and control of military defense is carried out by the
President of the Republic, the Minister of Defense and the Chief of the
General Staff of the Serbian Armed Forces (SAF) in accordance with the
Constitution, their authorizations by law and their competencies. The
command and control of civil defense and other entities important for
defense is a part of the unified command of the defense system and will
be implemented within state bodies, state administration bodies, bodies
of autonomous provinces, local self-government bodies, companies and
other legal entities in accordance with the law. (Sluzbeni glasnik RS,
88/2009)

Timely, complete and protected data and information for the needs
of management, command and control of military and civil defense are
provided by telecommunication-information systems in the Republic of
Serbia. A TkIS is a set of facilities, devices and equipment that are
interconnected in a technical and technological unit enabling the
transmission of messages and information from one point to another.
These systems have their structures, organizations and boundaries, and,
to a certain extent, they are interrelated. All TkiSs in the Republic of
Serbia form a unified TkIS of the Republic of Serbia.

A telecommunications information system that enables the
transmission of messages and information for the needs of military
defense is the TkIS of the Serbian Armed Forces. The development of
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the SAF TkIS organization is focused on the best-in-depth experiences
and the results of the scientific research in the field of
telecommunications, information technology and information protection.
The compatibility of the TkIS of the Serbian Armed Forces with other
TkiISs in the Republic of Serbia is one of the essential conditions for the
realization of the unified command and control of the military and civil
defense of the Republic of Serbia.

The purpose of the SAF TkIS is the telecommunications and
information security of the Serbian Armed Forces. It is one of ten security
fields in the Serbian Armed Forces and is conducted to collect, process,
transfer, exchange and protect data and information in real time. The
realization of telecommunications and IT security enables networking in
support of visualization of operational environment, decision making
process, selection of operation objects, synchronization of combat assets
and tools, as well as information management.

As a weapon, information can be used as part of full or partial
information superiority of one of the parties in conflict. The enemy will
achieve full or partial information superiority over our forces when the
telecommunications and information security of the Serbian Armed
Forces are not able to provide a safe, continuous, elastic and operational
system of command and control of the military defense in the Republic of
Serbia.

The focus of the work will be to look at the state of the Serbian
Telecommunications and Information System in relation to the needs of
the military defense of the Republic of Serbia in the context of
contemporary security challenges.

The defense system of the Republic of Serbia

The defense system of the Republic of Serbia is a part of the
national security system, which represents a unique, normative,
structured and functionally regulated entity, aimed at protecting the
sovereignty, independence, territorial integrity and security of the
Republic of Serbia from all forms of external and internal threats in
peace, state of emergency and war (Sluzbeni glasnik RS, 116/2007,
88/2009 & 10/2015). The Republic of Serbia protects and realizes its vital
defense interests through military and civil defense.

The Serbian Armed Forces are the military defense bearer while
state bodies, state administration bodies, autonomous provinces bodies,
local self-government bodies, companies, public services and other
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entities and forces of the defense system participate in civil defense.'The
Law on the Serbian Armed Forces describes the Serbian Armed Forces
as an organized armed force that defends the country against armed
threats from outside and performs other missions and tasks in
accordance with the Constitution, the law and principles of international
law regulating the use of force (Sluzbeni glasnik RS, 116/2007, 88/2009&
10/2015). In accordance with the Constitution, the National Assembly of
the Republic of Serbia assigns missions to the Serbian Armed Forces for
the protection of vital defense interests. The Serbian Armed Forces
implement the stated mission by carrying out tasks (Medija centar
,Odbrana“, 2010). The Serbian Armed Forces can realize the assigned
missions only if the organization of the Serbian Armed Forces, the
content of its preparations, use and security of the Serbian Armed Forces
are harmonized and directed to the protection of vital defense interests.
Commanding the Serbian Armed Forces is based on the principles of
unity, continuity, elasticity, efficiency, operability and security (Medija
centar ,Odbrana“, 2010). It is organized at the strategic, operational and
tactical level. At the strategic level, the Serbian Armed Forces are
commanded and run by the President of the Republic of Serbia, the
Minister of Defense and the Chief of General Staff of the Serbian Armed
Forces. The President of the Republic of Serbia, on the basis of the
Constitution and the Law on the Serbian Armed Forces, decides on the
use of the Serbian Armed Forces and commands the Serbian Armed
Forces in peace and war (Sluzbeni glasnik RS, 98/2006). In accordance
with the Law on the Army, the Minister of Defense coordinates and
implements the established defense policy and manages the Serbian
Armed Forces. Also, based on the Law on the Army and the Guidelines
on Responsibilities, the Chief of General Staff of the Serbian Armed
Forces commands and controls the Serbian Armed Forces (Figure 1).

At the operational level, command bearers are the commands of the
branches and the training command, while at the tactical level, command
bearers are the commands of brigades and other same-level commands,
the commands of battalions-divisions and the commanders of units (from
a company-battery to a team-service- crew). The command and control
system in the Serbian Armed Forces will be largely determined by the
possession and use of information. For all command levels in the Serbian

' "The subjects of the defense system are: citizens, state bodies, companies, other legal
entities, entrepreneurs and the Serbian Armed Forces. Defense forces are the human
and material potentials of the Republic of Serbia, or the organized structure of the entities
of the defense system. " (Sluzbeni glasnik RS, 88/2009, p.14).
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Armed Forces, the possession of accurate, timely and relevant
information will be enabled by the TkIS of the Serbian Armed Forces,
through the realization of telecommunication-information security (TkiOb)
at all levels (Medija centar ,Odbrana®, 2010).
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Figure 1 — Command of the Serbian Armed Forces (SAF)
Puc. 1 — KomaHdosaHue BoopyxeHHbimu cunamu Pecrybnuku Cepbusi
Cnuka 1 — KomaHdosame Bojckom Cpbuje
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The telecommunication-information security of the military defense is
an integral part of the Defense Plan of the Republic of Serbia, which
defines the TklOb of the President of the Republic, the Ministry of
Defense and the Serbian Armed Forces (Sluzbeni glasnik RS, 116/2007,
88/2009 & 10/2015). It is important to point out that the dotted arrows
indicate interrelationships.

Civil Defense is part of a unified defense system. It is organized at
the level of the Republic of Serbia, the autonomous provinces and local
self-government units. The Defense Law describes Civil Defense as part
of the defense of the Republic of Serbia, which includes a set of
measures and activities aimed at: preparing for defense and for the
defense of the Republic of Serbia by non-military means; ensuring the
successful functioning of state bodies, autonomous provinces and local
self-government units, companies and other legal entities, protection and
rescue and securing conditions for the life and work of citizens and
meeting the needs of the defense forces in the state of emergency and
war. Civil defense has assigned missions. (Sluzbeni glasnik RS,
116/2007, 88/2009 & 10/2015)

Civil defense missions are conducted by carrying out its tasks. In
addition to the aforementioned missions and tasks, civil defense can also
carry out other tasks based on the decisions of the legislative and
executive authorities of the Republic, the autonomous provinces and
local self-government units.

The command over civil defense and other defense-related entities
is part of a unified defense command system and is carried out in
accordance with the law. Providing telecommunications and services for
the civil defense command is done through the TkIS for special purposes
and through the TkIS for general needs (arrows point to
interrelationships). The telecommunication-information security of civil
defense is an integral part of the Civil Defense Plan of all entities.

Telecommunication-information system of the
Serbian Armed Forces

The term telecommunication-information system denotes here a set
of objects, devices and equipment interconnected in a technical and
technological unit that allows the transmission of signals by means of
cable, radio, optical or other electromagnetic means, including satellite
networks, fixed networks (the Internet and other networks with switching
circuits and packets), mobile networks, energy cable systems (in the part
used for signal transmission) and networks for the distribution and
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broadcasting of media content, intended to enable the transmission of
messages and information from one point to another. (General$tab
Vojske Srbije & Medija centar ,Odbrana“, 2012)

Concept, purpose and structure of the
telecommunication-information system

The Republic of Serbia is a modern state aiming at the
harmonization in all areas with the highest European and world
standards. Harmonization in the field of telecommunications and IT can
be achieved by rational, economical and efficient use of national
resources (national radio-frequency spectrum), balanced development of
telecommunication-information  capacities and development of
compatibility and interoperability of systems for their interconnection and
utilization in order to obtain a unified technical and technological unit at
the national and international level. There is a unified
telecommunications and information system at the level of the Republic
of Serbia in the field of telecommunications and information.

The unified TKIS of the Republic of Serbia consists of:
telecommunication-information systems for general needs,
telecommunication-information systems for special purposes and other
holders of telecommunication-information assets (Figure 2). The
telecommunication-information systems for general needs serve to
provide various telecommunication and information services to
individuals and legal entities. They represent the mainstay of the other
TkISs in the Republic of Serbia. The TkISs for general needs include:
TKIS of "Telekom Srbije", TkIS of "PTT Srbija", TkIS of "Radio Television
of Serbia", TkIS of "VIP Telekom" and TkIS of "Telenor".

Telecommunication-information systems for special purposes are
intended for securing certain organizations and realization of missions
and tasks or activities. These systems include: TkIS of the Serbian
Armed Forces (VS), TkIS of the Ministry of Internal Affairs (MUP), TkIS of
the Ministry of Foreign Affairs (MIP), TkIS of the Security Information
Agency (BIA), TKIS of the Serbian Railways (TS), TkIS of Elektroprivreda
Srbije (EPS) and TkIS of the authorities responsible for rescue tasks, as
well as emergency services.
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Other systems of RS (economic, legal, political) International TkIS

Figure 2 — General model of the telecommunications and information system in the
Republic of Serbia (General$tab Vojske Srbije & Medija centar ,Odbrana“, 2012)
Puc. 2 — Obwas modesnb UHGhOPMaUUOHHOU U MerIeKOMMYHUKaUUOHHO cucmeMm 8
Pecnybnuke Cepbusi (GeneralStab Vojske Srbije & Medija centar ,Odbrana®, 2012)
Cnuka 2 — Onwmu modes1 mesieKoOMyHUKayUOHO-UHGbOpMayUuoHo2 cucmema y
Penybnuyu Cpbuju (Generalstab Vojske Srbije & Medija centar ,Odbrana®, 2012)

The telecommunications and information system of the Serbian
Armed Forces belongs to the TkIS group for special purposes. It is
intended for the implementation of the TKIOb of the Serbian Armed
Forces. Telecommunication-information security is one of the security
aspects in the Serbian Armed Forces and is important for ensuring the
continuity, timeliness and quality of the functioning of the command and
control of the Serbian Armed Forces in all missions and tasks.
Telecommunication-information security represents a set of measures,
procedures and activities by which the elements of TkIS, ready for
operation or already operating in accordance with a certain plan of the
TkIOb, are merged into a unified technical-technological entity
(General$tab Vojske Srbije & Medija centar ,Odbrana“, 2012). The
mentioned system is closely related to the TkIS of "Telekom Srbija" and
the TKIS of "PTT Serbia". The use of the capacities of the listed TkISs for
the needs of the TkIS of the Serbian Armed Forces is done on the basis
of laws, concluded contracts and approved plans of the defense of the
Republic of Serbia. Through its elements, the TkIS of the Serbian Armed
Forces is connected with other TkISs for special purposes, and also,
depending on its needs, with other holders of telecommunications and
information resources in the Republic of Serbia. (Politika, 2014)

The telecommunications and information system of the Army has its
own structural and functional organization (GeneralStab Vojske Srbije &

138




Medija centar ,Odbrana“, 2012). The structural TkIS of the Serbian
Armed Forces is divided into a stationary and mobile part, i.e. a
stationary telecommunication-information system and a mobile
telecommunication-information system (Figure 3). The stationary TkIS of
the Serbian Armed Forces is the basis of the TkIS of the Serbian Armed
Forces through which the capacities with the other TkiISs in the Republic
of Serbia are mostly integrated. The mobile TkIS consists of transport
and transmission assets of the Tkl commands and units capable of
operating in field conditions. The functionally mobile TkIS relies (utilizes
the capacities) on the stationary TkIS. These systems consist of TkIS
elements: stations, centers, nodes and telecommunication pathways.

TKIS of the Serbian
Armed Forces
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Figure 3 — Structured organization of the TkIS of the Serbian Armed Forces (General$tab
Vojske Srbije & Medija centar ,,Odbrana“, 2012)
Puc. 3 — CmpykmypHas opeaHusayusi TkMC BoopyxeHHbix cun Pecrniybnuku Cepbusi
(Generalstab Vojske Srbije & Medija centar ,,Odbrana®, 2012)
Cnuka 3 — CmpykmypHa opeaHu3ayuja TkMC Bojcke Cpbuje
(Generalstab Vojske Srbije & Medija centar ,,Odbrana®, 2012)

139

Berisa, H. e al. Impact of the current level in the development of the telecommunication-information system of the Serbian Armed Forces on the defense of the Republic of Serbia, pp.131-158



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2019, Vol. 67, Issue 1

The Serbian telecommunications and information system is
functionally organized from the telecommunication component, the
information component and the information protection component. All
three components consist of specialized and trained personnel,
appropriate equipment and appropriate work documents.

Achieved level of development of the telecommunications
and information system of the Serbian Armed Forces

The SAF Telecommunications and Information System has its roots
and experiences in the Yugoslav People's Army (JNA) where it had the
name of the Armed Forces Communication System (SSNO, Uprava veza
GS UNA, 1979) The organization and preparation of the Armed Forces
Communication System (OS) were based on the experiences of the
national liberation war and the concept of the national defense and social
self-defense (ONO and DSZ). The experiences of the wars waged
around the world at the time were also applied. The organization of the
territory and the procurement of modern communication devices were
established according to previous plans as well as the training of
personnel and the integration of the OS system with the other holders of
the Communication System in the SFRY. The usage of the capacities of
the holders of the Communication System for general purposes and
those of the holders of the Communication System for specific purposes
was defined by the highest state acts of the SFR Yugoslavia for the
defense of the country. The OS link system used mainly the JPTT
capacities in the implementation of the tasks of the defense of the SFR
Yugoslavia.? (Aksentijevi¢ & Rosulj, 1984)

The Communication System in the Yugoslav Army consisted of a
stationary part and a movable part. The basic elements of the
Communication System were: communication stations, communication
centers, communication nodes and communication paths. The planning,
preparation, organization and operation of the Communication System
were performed by communication organs, communication units and
institutions. The communication organs were in the commands of
regiments, brigades, divisions, corps, the army, and the General Staff of
the Yugoslav Army. The highest communication body in the Yugoslav
Army was the Office for Communication and Informatics.

2" The Yugoslav Post, Telegraph and Telephone System (JPTT)" communication system
serves to meet the needs of society, businesses and individuals in the use of postal,
telegraph and telephone services in domestic and international traffic (Aksentijevi¢ &
Rosulj, 1984, p.45).
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During the 1990s war in Bosnia and Herzegovina, the Federal
Republic of Yugoslavia was first under partial and later under full
economic sanctions in accordance with the resolution of the Security
Council.® The economic sanctions also concerned trade in weapons and
military equipment. Because of the above, the Yugoslav Army
Communication System and the other holders of the communication
system in the Federal Republic of Yugoslavia could not keep pace with
technological and technological development and achievements in the
field of telecommunications and informatics in the world. A major
challenge for the Yugoslav Army's system of communications was the
NATO (NATO, nd) aggression on the FRY lasting for 78 days in 1999
(Pecat, 2010). Some of the NATO priority targets were the command
posts and the capacities of the communication system of the Yugoslav
Army, but also the capacities of the other holders of the communication
system of the Federal Republic of Yugoslavia.*Most of the vital facilities
of the Yugoslav Army's system of communications were damaged or
destroyed. Immediately after the end of the NATO's aggression against
the Federal Republic of Yugoslavia, the mitigation of the consequences
of the actions on communication system infrastructure facilities began.®

After the declaration of independence of Montenegro and the
dissolution of the State Union of Serbia and Montenegro, the Republic of
Serbia, based on the vision and the decisions of the state leaders, began
the reform of the defense system (Medija centar ,Odbrana®, 2005). The
reform of the entire defense system included the reform of the
communication system. The reform of the communication system
consisted of the reform of its organization, its equipment and its training
system. The reform of the TkIS communication system organization
included establishing the TkIS organization, the composition and the
locations of the TklS commands, units and institutions. The Serbian
Armed Forces communication system was reformed into the TkIS of the
Serbian Armed Forces. Bodies, institutions and units for
telecommunications and information technology with equipment and

% Sanctions on the Federal Republic of Yugoslavia were imposed on May 30, 1992. by
the resolution of the UN Security Council.

4 Among the numerous facilities were: Tower on Avala, Radio Television Serbia building
in Belgrade, radio transmitters of Belgrade and other radio and television stations,
"Telekom" in Uzice, the optical and other communication paths of the. "Telekom" and the
Serbian Armed Forces on the targeted bridges, the capacities of the MUP of the Republic
of Serbia, "Serbian Railways" and "Elektroprivrede Srbije".

® The rehabilitation of the most necessary infrastructure facilities for the work of TkIS was
completed at the end of the first decade of the 21st century.
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infrastructure are incorporated into the TkIS of the Serbian Armed
Forces. The telecommunication and IT institutions deal with design,
development, introduction and support in the exploitation of information
and command and information systems as well as with research and
development activities in the field of cryptography. Telecommunication
and IT units are intended for the implementation of TKIOb at the tactical,
operational and strategic levels. They are organized in communication
squads, platoons, companies, batallions and the communication brigade.
The composition, size and location of Tkl commands, units and
institutions are in accordance with the size, composition, distribution of
commands, units and institutions of the Serbian Armed Forces and the
Ministry of Defense.

The damaged and destroyed facilities of the stationary TkIS of the
Serbian Armed Forces were gradually revitalized in order to create the
basic conditions for equipping and modernizing the TkIS with modern
telecommunication and IT equipment. Equipment supply was carried out
in accordance with equipment plans which were made on the basis of
multi-year estimates and equipment plans. The stationary TkIS of the
Serbian Armed Forces began to be equipped in 2008. The project of the
Serbian Army radio-relay network "Saturn 5" foresees the complete
replacement of radio-relay devices of the older generation and the
connection of stationary nodes and stationary telecommunication-
information centers with modern devices characterized by high speed,
huge capacity and the possibility of integration with the TkIS holders in
the Republic of Serbia. In order to realize the project, the purchase of
telecommunication equipment from the manufacturer "NERA" was
agreed (Nera Telecom, nd). The mentioned equipment was installed
during 2009 and 2010. In addition to the mentioned radio relay network,
significant capacities were renewed in the cable transmission system.
Telephone exchanges were replaced, optical connecting paths were
installed and various types of multichannel devices based on analog
technology were replaced. All outdated cable connections and obsolete
multi-channel equipment were replaced. The optical transmission system
started to be fully operational in the Serbian Armed Forces. The
modernization of the stationary TkIS of the Serbian Armed Forces has
resulted in stability of the system, increased capacities and increased
number of user services that can be offered to the command. The
aforementioned equipping harmonized the organizational structure of the
communication brigade, the number and the basic equipment for work
on the elements of the stationary TkIS of the Serbian Armed Forces,
established in 2006.
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Equipping the capacities of the mobile TkIS of the Serbian Armed
Forces was realized to a much smaller extent than equipping the
stationary part of the TkIS. Supply of modern equipment will be realized
by importing modern telecommunication and information equipment from
the French manufacturer "Tales" and the Israeli manufacturer "Tadiran".
Priorities in equipping the TkIS mobile part were given to units sent to
international operations, special brigade units, and the training center for
informatics and electronic operations. Equipping other commands, units
and institutions is carried out in accordance with the approved funds and
according to the medium-term plan for equipping the Tkl commands and
units of the Serbian Armed Forces and the Ministry of Defense.

By creating a new organization of the army, abolishing secondary
professional military schools and adopting the decision to start voluntary
military service, the Serbian Armed Forces applied a completely new way
of recruitment and training (Sluzbeni glasnik RS, 95/2010). The
admission of soldiers to volunteer military service and their training for
the needs of the telecommunications service is carried out at training
centers for a period of six months.®The education of non-commissioned
staff in place of secondary education was replaced by professional
training of professional soldiers - candidates from units who showed
above average results at their workplaces in their units in the previous
period. The same as in the previous period, training of candidates for
officers is carried out at the Military Academy with adapted curricula in
accordance with the trends in military management and school
requirements.

The coordination and harmonisation of theTkIS organization of other
holders in the Republic of Serbia for the purposes of the defense of the
Republic of Serbia is carried out by the Telecommunication and IT
Administration, in accordance with the powers of the Minister of Defense
with the TKIS Administration for General Purposes as well as with special
purpose TkIS administration bodies. Coordination and harmonization of
activities relate to the acceptance of technical norms for enabling
compatibility and interchangeability in Tkl capacities by assigning a
certain part of TKI capacity for defense needs and aligning the research
and development of TKIS elements of individual TkiSs with the SAF TkIS
and harmonization of joint activities in the realization of tasks of defense
of the Republic of Serbia.

6 - . . . . . . L .
Training soldiers in voluntary military service for the information service is not carried
out.
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The reform of the Communication System in the TkIS of the Serbian
Armed Forces covers the period from 2006 to the present. For the
mentioned period, the multi-dimensional character of the TkIS of the
Serbian Armed Forces reform has been reflected in: revitalization of the
damaged TkIS facilities; creation of a new TkIS organization through the
composition, size and location of the commands, units and institutions of
the telecommunications and information service (and the improvement of
the TKIS structural organization and the functional organization of the
TKIS of the Serbian Armed Forces); equipping and modernizing the TkIS
with modern telecommunication and IT equipment, improving the training
of members of the telecommunications and information service and
coordinating and harmonising the TkIS organization of other holders in
the Republic of Serbia for the needs of the defense.

Analysis of the impact of the current development
level of the telecommunication-information system of the
Serbian Armed Forces on the defense of the Republic of
Serbia

The influence of the achieved level of the development of the TkIS of
the Serbian Armed Forces on the defense of the Republic of Serbia is

reflected above all in ensuring the continuity, timeliness and quality
of the functioning of command and control in the missions and tasks of
the Serbian Armed Forces. Bearing in mind that TkIS of the Serbian
Armed Forces is intended to secure the Serbian Armed Forces in the
realization of their missions and tasks, the analysis of the achieved level
of development of the TkIS Serbian Armed Forces on the defense of the
Republic of Serbia will be heavily implemented in military defense. The
analysis of the impact of the achieved level of development on the
defense of the Republic of Serbia will be based on: analysis of the
impact of structural organization TkIS VS (composition, size and location
of commands, units and institutions of the telecommunications and
information service), analysis of the influence of equipping and
modernization of TkIS with modern telecommunication and IT equipment,
analysis of the impact of improving the training of members of the
telecommunications and information service, and analysis of the impact
of coordination and colaboration of the organization of TkIS of other
holders of the Republic of Serbia for the defense.
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Analysis of the impact of the structural organization of the
TKIS of the Serbian Armed Forces on the defense of the
Republic of Serbia

Regarding the structure, the telecommunications and information
system of the Serbian Armed Forces consists of the stationary part of
TkIS and the mobile part of the TkIS of the Serbian Armed Forces. The
development of the existing infrastructure of the stationary part of the
TkIS of the Serbian Armed Forces is based on real needs of command
and control of the Serbian Armed Forces in peace, state of emergency
and war. Most of the infrastructure facilities date back to the SFR
Yugoslavia and were designed for the needs of the JNA's system of
communications. The construction of these facilities was planned for the
entire area of the SFRY, and the infrastructure facilities on the territory of
the Republic of Serbia were part of the unique JNA system of
communications. During the NATO aggression in 1999, most of the
mentioned infrastructure facilities of the stationary part of the SAF TkIS
were damaged or destroyed. In line with the priorities and economic
possibilities, the existing ones were partially repaired and new facilities
were built for the needs of the TkIS of the Serbian Armed Forces.
Stationary telecommunication nodes (TkCs) are an element of the
stationary part of the TkIS of the Serbian Armed Forces (Generalstab
Vojske Srbije & Medija centar ,Odbrana“, 2012). Their placement, role
and purpose make them an important element of the TkIS which enables
the integration of command and control systems. By establishing radio-
relay communication with the TkC elements of the mobile part of the TkIS
of Serbian Armed Forces, they realize the TklOb for the needs of the
command and units of the Serbian Armed Forces. The distribution of the
TkCs in the Republic of Serbia and their interconnection ensures
coverage of the majority of the territory of the Republic of Serbia. The
analysis of the positions of these TkCs shows that they are relatively
unevenly distributed, which is the consequence of the planning and
construction of radio-relay facilities in the SFRY. The spatial inequality in
the stationary TkC distribution is more pronounced towards the border
areas that represented the border areas in the SFR Yugoslavia with the
neighboring countries: the Republic of Hungary, the Republic of Romania
and the Republic of Bulgaria. In the other parts of the country, towards
the regional borders, the situation in the arrangement of the stationary
TkCs is more favorable due to the fact that these areas were not
borderlines in the SFRY. After the NATO aggression against the FR
Yugoslavia, three TkCs ceased operating in the AP Kosovo and
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Metohija, which complicates the implementation of the TkIOb in the
southeast and southwestern part of Serbia, due to the size and shape of
the territory. Moderately uneven distribution and the number of TkCs do
not have a positive influence on the planning, organization and
implementation of theTKIOb for military defense in the border regions of
the Republic of Serbia.

Stationary telecommunication-information centers (TkICs) are an
element of the stationary part of the TkIS of the Serbian Armed Forces.
By their location, organization, people and equipment, they provide
necessary preconditions for the implementation of TklIOb commands,
units and institutions of the Serbian Armed Forces and organizational
units of the Ministry of Defense. In most cases, the use of the TkIS
capacities for general needs and other TkISs for special purposes is
carried out by the Serbian Armed Forces and the Ministry through
stationary TkICs. The locations of the stationary TkICs are conditioned by
the locations of the Serbian Armed Forces commands, units and
institutions and the organizational units of the Ministry of Defense. During
the NATO aggression against the FR Yugoslavia in 1999, TkCs and
TkICs were NATO targets as well. In line with priorities and economic
possibilities, a number of the facilities have been repaired while new
ones have been built to a smaller extent. Since 2006, when the
reorganization of the Serbian Armed Forces started, some of the facilities
have been abandoned due to the disbanding of units (garrisons and
garrison sites). The arrangement of stationary TkICs in accordance with
the existing organization enables the operation of the command, units
and institutions in the Serbian Armed Forces as well as the operation of
the organizational units of the Ministry of Defense in the areas of
peacetime locations. The complexity of TklOb commands, units and
institutions of the Serbian Armed Forces in the areas outside the
peacetime locations has been raised to a higher level in the state of
emergency and war. The number, distribution and capacity of the TkICs
in the entire territory of the Republic of Serbia have an impact on the
defense of the Republic of Serbia and make the SAF TkIS more
dependent on the use of the TkC capacities and those of "Telekom
Srbija".

Stationary telecommunication paths (TkSPs) are an element of the
stationary part of the TkIS of the Serbian Armed Forces. They are
mediums for the realization of telecommunications between
telecommunication stations (TkSts), TkICs and TkCs. They can be radio,
radio-relay, wired and optical coupling paths. In the first decade of the
21st century, modernization of cable communications was carried out, all
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outdated cable connections and multiplex equipment were replaced. The
optical transmission system is the backbone of communications via
permanent cables in the TkIS of the Serbian Armed Forces. Through
their locations, capacities and varieties, the stationary telecommunication
paths positively affect the planning, organization and realization of the
military defense of the Republic of Serbia. Taking into account the
locations, distribution, organization, capacities and equipment of the
TkCs and TkICs as well as the state of the TkSps, it can be concluded
that the achieved level of the development of the stationary TkIS has a
favorable effect on the defense of the country.

The mobile TkIS of the Serbian Armed Forces consists of portable
and movable telecommunication and IT resources, as well as
communication commands and units capable of working in field
conditions. It is organized strategically, operatively and tactically. The Tkl
bodies are intended for planning, organizing, coordinating and controlling
telecommunication-information security. The organizational structure of
the Tkl organs in the commands, units and institutions of the Serbian
Armed Forces was made on the basis of the intended and planned tasks
to be performed by the Tkl organs and directly subordinate units. In the
mobile TkIS of the Serbian Armed Forces, Tkl units are also organised at
the tactical, operational and strategic level in communication squads,
platoons, companies, battalions and the brigade.”The organizational
structure of Tkl units is tailored depending on their purposes, tasks and
levels of command for which TKIODb is established. In order for a Tkl unit
to be efficient and functional in the implementation of TKIOb tasks, the
organizational structure of the unit must be consistent with the purpose of
the unit, the tasks performed by the unit, the composition of the
personnel and the technique to be engaged in the implementation of
tasks. The TklOb Implementation Unit in a battalion - division is a
communication squad, i.e. platoon. Tkl units in battalions - divisions are
mostly equipped with Tkl equipment of the older generation for the
realization of TklOb. Regardless of the aforementioned problem, the
current personnel and Tkl equipment in Tkl units in Tkl battalions -
divisions provide a high quality realization of planned telecommunications
and services. A Tkl unit in a brigade, i.e. a unit of the same rank in the
Serbian Armed Forces, is a communication company or platoon. A
communication platoon in a Land Army brigade can fully implement the
TkIOb at the brigade KM, but due to the above-mentioned organizational

" A communication brigade has units of the battalion rank intended for operation in the
stationary and mobile TkISs of the Serbian Armed Forces.

147

Berisa, H. e al. Impact of the current level in the development of the telecommunication-information system of the Serbian Armed Forces on the defense of the Republic of Serbia, pp.131-158



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2019, Vol. 67, Issue 1

solution (a communication platoon instead of a communication
company), it is unable to establish a PTKIC at a brigade IKM and/or
LoKM in order to provide necessary communications and services for
commanding purposes, which negatively affects the organization of the
defense of the Republic of Serbia at the tactical level.®The reason for
planning the existing organization of the communication units should be
sought in the existing process of equipping with modern TkISs and
devices. Equipping of the Tkl units is planned to be carried out in
accordance with the Army's Integrated Communication System (ISV)
equippment supply program, but due to an unfavorable financial situation
it has not been carried out yet. As a transitional solution, some modern
devices were installed in the existing communication systems, which
improved the operational capabilities of commands and units and
enabled the compatibility of the mobile TklS with the stationary TkIS of
the Serbian Armed Forces. At present, the personnel number and the
equipment of Tkl units in other brigades or units of the rank of the
brigade in the Serbian Armed Forces enable the planned
telecommunications and services to be realised at a good level of quality.
The units for the implementation of TklOb at the strategic and operational
level are a communication battalion of a communication brigade, the 21st
communication battalion of the Land Army and the 210th communication
battalion of the Air Force and Air Defense (SSNO, Uprava veza GS JNA
& Vojnoizdavacki i novinski centar, 1988). The communication battalion
of the communication brigade is intended for the implementation of
TkIOb at the strategic level for the needs of the President of the Republic
and the General Staff of the Serbian Armed Forces, while the TklOb
needs of the Ministry of Defense (and the President of the Republic to an
extent) are dealt with by communication batallions of communication
brigades from the stationary part of the TkIS of the Serbian Armed
Forces. There is no obligation or jurisdiction of the TkIS of Serbian
Armed Forces for the implementation of the TKIOb of other bodies: the
Prime Minister of the Republic of Serbia, the Government of the Republic
of Serbia, the President of the National Assembly and other state bodies.
Telecommunication and information security of the highest state bodies
for the purpose of the defense of the Republic of Serbia is defined by the
Defense Plan of the Republic of Serbia (Sluzbeni glasnik RS, 116/2007,

® The task of the communication company is to set up a communication center at a
brigade KM, PKM and IKM (when formed), establish planned communications, maintain
the continuity of communications, enable their use, and ensure the security of
communications and information (SSNO, Uprava veza GS JNA, 1990, p.3).
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88/2009 & 10/2015). Telecommunications of the cooperation and
colaboration of the Serbian Armed Forces with the other elements are
planned to be realized at the strategic, operational and tactical level in
accordance with the needs of the defense of the Republic of Serbia and
are prescribed by the Defense Plan of the Republic of Serbia (Sluzbeni
glasnik RS, 116/2007, 88/2009 & 10/2015). For the realization of the
telecommunications of cooperation and colaboration between the
Serbian Armed Forces and the other elements of the Defense System,
the capacities of TkIS of the Serbian Armed Forces, other TkISs for
special purposes (TkIS of the Ministry of Internal Affairs, TkIS of the
Ministry of Foreign Affairs, TkIS of the Security Information Agency, TkIS
of the Serbian Railways, TkIS of the Elektroprivreda Srbije and TkIS of
the authorities responsible for rescue tasks as well as emergency
services) and most of TkiSs for general needs ("Telekom Srbije" TkIS,
"PTT Srbija" TklIS, "Radio-TV Serbia " TkIS, " VIP Telekom " TkIS, and "
Telenor" TkIS). The organizational and formation structure of the
communication battalion is in line with the purpose and tasks performed
by battalions.

The organizational and formation structure of the bodies and units
for telecommunications and informatics in the Serbian Armed Forces
positively influences the defense of the Republic of Serbia due to the
harmonization of the organizational and formation structure of the bodies
and units for Tkl with the types and scopes of tasks, except for the units
of Tkl in the Land Army brigades (due to an impossibility to realise some
tasks to their full extent).

Analysis of the impact of equipping and modernizing the
TkIS with modern telecommunication and IT equipment on
the defense of the Republic of Serbia

In the current period (from 2000 to the present), based on the plans
for equipping commands, units and institutions of the Serbian Armed
Forces with telecommunication and IT equipment and the plans for the
adaptation of facilities, infrastructure and capacities for the needs of the
defense of the Republic of Serbia regarding the TkIS and TkIOb, a
number of facilities have been built and the SAF TkIS elements have
been equipped and modernized. Taking into consideration the economic
possibilities as well as the estimates based on their importance and
TKIOb use for the needs of the defense of the Republic of Serbia, the
faciliies damaged or destroyed by NATO forces were rebuilt or
reconstructed or completely new buildings were built. The construction of

149

Berisa, H. e al. Impact of the current level in the development of the telecommunication-information system of the Serbian Armed Forces on the defense of the Republic of Serbia, pp.131-158



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2019, Vol. 67, Issue 1

completely new facilities or the repair of the damaged TkIS facilities has
eliminated the negative impact of the availability of TkIS infrastructure
facilities on the country's defense which was previously caused by
reduced Tkl capacities and pronounced TkIS dependence on weather
conditions, thus creating favorable conditions for proper accommodation
of personnel and Tkl equipment.

Due to a poor economic situation and the imposed sanctions during
the 1990s, modernization of the TkIS of the Serbian Armed Forces was
not carried out. These events have led to a disproportion in the
technological development of the TkIS of the Serbian Armed Forces and
the TkIS of "Telekom Srbija" and there was a real technological inability
to use the "Telekom Srbija" TkIS capabilities. By analyzing the existing
TKIS capacities at the beginning of the 21st century, it was concluded
that the existing TKI equipment with its capacity, quality and technology
would not meet the needs of the command and control system at the
strategic, operational and tactical level for the defense of the Republic of
Serbia. Procurement for the stationary TkIS of the Serbian Armed Forces
was carried out in the period from 2008 to 2012. Modernization of the
stationary TkIS of the Serbian Armed Forces has resulted in the stability
of the system, increase of the capacity and the number of user services
that can be offered to the command system, thus ensuring full integration
of the SAF TkIS with other TkIS holders in the Republic of Serbia. The
mentioned procurement brought in line the organizational structure of the
communication brigade, the number of personnel and the basic
equipment for work on the elements of the SAF TkIS stationary system
established in 2006.

In accordance with the equipment supply plan for the mobile TkIS of
the Serbian Armed Forces, the equipment supply was realized to a much
smaller extent than the equipping of the stationary part of the TKIS.
Priorities in equipping the mobile part of TkIS were given to the units
referred to international operations, special brigade units, and the center
for training, informatics and electronic operations. All commands, units
and institutions are equipped with a certain number of modern devices
that ensure the necessary compatibility with the stationary TkIS of the
Serbian Armed Forces. Full equipment supply of the commands, units
and institutions will be carried out in accordance with the approved funds
and according to the medium-term plan for providing commands and
units with Tkl equipment in the Serbian Armed Forces and the Ministry of
Defense. Equipping and modernizing the TkIS with modern
telecommunication and IT equipment moderately positively influences the
defense of the Republic of Serbia due to incomplete supply of modern
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Tkl equipment to the commands, units and institutions of the mobile part
of the TkIS of the Serbian Armed Forces.

Analysis of the impact of improving the training of
members of the telecommunications and information services
on the defense of the Republic of Serbia

Improving the skills of the telecommunication service personnel and
the information service personnel is achieved through their education,
training and professional development as well as through the training of
the military reserve members.

Cadets are educated at the Military Academy or at colleges in the
country or abroad, as before, and the curricula are adapted to the trends
and educational requirements. By studying the content at the Military
Academy, officers are prepared for their initial military duties in the
telecommunications and information service. This way of training the
officers for initial duties positively influences the defense of the Republic
of Serbia, because it provides a quality cadre qualified for performing
initial duties.

Instead of being educated in secondary schools, NCOs are the
result of one-year professional training of professional soldiers -
candidates who showed above average results in their workplaces in
their units in the previous period. This kind of training for a non-
commissioned officer would make sense in the event of a greater flow of
personnel, or engagement of non-commissioned officers in the Serbian
Armed Forces for a certain period of time. Since the majority of non-
commissioned officers obtain employment for an indefinite period after
the completion of the course and promotion, after the renewal of the
contract, the abolition of the secondary military school becomes
unreasonable, and the training of the non-commissioned staff is
displaced from the education system into the units. This way of training
and teaching non-commissioned officers, in conditions when the inflow of
military personnel is reduced and when new NCOs are employed for an
indefinite period, does not positively affect the defense of the Republic of
Serbia.

The training of soldiers in voluntary military service is carried out in
military training centers. The training plan for soldiers includes two
periods: the first one is a period of general military training and the
second one is a period of vocational-specialist training. Training of
soldiers includes all the training content of individual training, including
the training of crewmembers. The current way of training soldiers for
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voluntary military service has the following disadvantages: training
soldiers in voluntary military service does not include a sufficient number
of soldiers to fill up war units (it is estimated that currently 1/3 of the
required number of soldiers is trained); there is currently no IT specialty
for soldiers and, consequently, no training; soldiers who completed
voluntary military service did not live and work in units and the period of
collective training, which includes unit field exercises, was not realized;
and it is not possible to fill vacant posts of professional soldiers by
soldiers who voluntarily serve military service, thus violating the age
structure of professional soldiers and reducing the percentage of
complete units. This kind of training of telecommunication service
soldiers negatively influences the defense of the Republic of Serbia for
the aforementioned reasons.

Training of individuals, crews, units and commands of the
telecommunications and information service is carried out in accordance
with the Manual on Conducting the Training in the Serbian Armed Forces
and the Training Instructions of the General Staff of the Serbian Armed
Forces. This type of training provides freedom and responsibility for the
commander to assess the skill levels, to plan and realize the training of
individuals, crews, units and commands for the assigned mission. This
mode of training positively influences the defense of the Republic of
Serbia through cost-effectiveness, efficiency and effectiveness of training
and the rationalization of the engagement of the telecommunications and
information service staff.

Analysis of the impact of coordination and compatibility of
the TkIS organizations of other holders in the Republic of
Serbia for defense needs

The coordination and compatibility of the organizations of TkISs of
other holders in the Republic of Serbia for the purposes of the defense of
the Republic of Serbia are performed by the Telecommunications and IT
Administration, in line with the powers of the Ministry of Defense with the
Administrative bodies of theTklS for general needs, as well as with the
Administrative bodies of the TkIS for special purposes. Coordination and
compatibility of activities relate to the acceptance of technical norms for
enabling compatibility and interchangeability in the Tkl capacities by
assigning a certain part of the Tkl capacity for defense needs and
aligning the research and development of TkIS elements of individual
TkISs with the SAF TkIS and aligning the joint activities in the realization
of the defense of the Republic of Serbia. This way of coordination and
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compatibility of the organizations of TkISs of other holders in the
Republic of Serbia positively influences the defense of the Republic of
Serbia.

The achieved level of development of the TkIS of the Serbian Armed
Forces in the defense of the Republic of Serbia is positively influenced by
the structural organization of the Army TkIS (composition, size and
location of the commands, units and institutions of the
telecommunications and information service), equipping and modernizing
the TkIS of the Serbian Armed Forces with modern equipment, training
members of the telecommunications and information service service and
coordination and compatibility of the organizations of TkISs of other
holders in the Republic of Serbia for the defense needs.

Conclusion

By applying the concept of total defense, the Republic of Serbia
enables equal participation of all parts of the society in the preservation
and improvement of vital defense interests. The Defense of the Republic
of Serbia consists of military defense and civil defense. Military defense
is to be commanded and controled by the President of the Republic, the
Minister of Defense and the Chief of General Staff of the Serbian Armed
Forces in accordance with the Constitution, legal authorizations and their
competencies. The bearer of military defense is the Serbian Armed
Forces. The command and control of civil defense and other defense
entities is to be carried out within state bodies, state administration
bodies, autonomous provinces bodies, bodies of local self-government
units, companies and other legal entities, in accordance with the law.

Telecommunication-information systems in the Republic of Serbia
provide timely, complete and protected data and information for the
needs of management, command and control of military and civil
defense. With their own organizations and structures, these systems are
interrelated, making a single, unified TkIS of the Republic of Serbia.
Mutual compatibility of the TkIS for special purposes and the TkIS for
general needs in the Republic of Serbia is one of the essential conditions
for the realization of unified management, command and control of
military and civil defense of the Republic of Serbia.

A telecommunications information system that enables the
transmission of messages and information for the needs of military
defense is the TkIS of the Serbian Armed Forces. Through its structure
and organisation, the telecommunications and information system of the
Serbian Armed Forces, according to a plan, realises the TKIOb of the
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Serbian Armed Forces. The telecommunications and information security
of the Serbian Armed Forces is intended to ensure the continuity,
timeliness and quality of the functioning of the command and control of
the Serbian Armed Forces in all missions and tasks. The realization of
TkIOb enables networking in support of the visualization of the
operational environment, the decision making process, the choice of
action targets, synchronization of combat assets and tools, as well as
information management.

The development of the TkIS of the Serbian Armed Forces has been
based so far on the best world experiences and results of scientific and
research work in the field of telecommunications, information technology
and information protection. The achieved level of development of the
TkIS of the Serbian Armed Forces in the defense of the Republic of
Serbia is positively influenced by its structural organization (the
composition, size and location of the commands, units and institutions of
the telecommunications and information service) by its equipping and
modernizing with modern equipment, by training members of the
telecommunications service and IT services, and by coordination and
compatibility of other TkIS organizations in the Republic of Serbia for
defense purposes.

In order to improve the state of TkIS of the Serbian Armed Forces
and achieve a completely favorable impact of the TkIS of the Serbian
Armed Forces on the defense of the Republic of Serbia, it is necessary:
to conduct a detailed analysis of the coverage of the entire territory with
the signal of radio and radio relay devices from stationary
telecommunication nodes and, in accordance with the analysis, to plan
possible construction of new capacities at the long-term or medium-term
level; to carry out a detailed analysis of the distribution of stationary TkIC
centers and the coverage of the territory of the Republic of Serbia and, in
accordance with the performed analysis, to plan possible construction or
modernisation of the existing capacities; to adjust the organizational
structure of Tkl units in the Land Army brigades to the scope of tasks; to
equip Tkl units with modern Tkl equipment in accordance with the
medium-term equipment supply plan; to plan to provide part of the
training of soldiers in voluntary military service in the units of the Serbian
Armed Forces in order for to them have collective training and acquire
knowledge of the units of the Serbian Armed Forces; to consider a
possibility of repealing the Regulation on termination of compulsory
military service; to carry out a detailed analysis of the justification of the
abolition of secondary military schools for non-commissioned
telecommunications and information service officers; and, in order to
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support the TkIS of Serbian Armed Forces in the implementation of the
TKIOb of the Serbian Armed Forces and the military defense, to conduct
a detailed analysis of possible negative impacts of the announced
privatization of "Telekom Srbija".

This work has a multifaceted significance which is reflected in:
examining the place, role and significance of the TkIS of the Serbian
Armed Forces in the defense of the Republic of Serbia, through the
practical relationship and interdependence of the TkIS of the Serbian
Armed Forces with the other TkISs in the Republic of Serbia and
recognizing the importance of uniform technological and spatial
development of the TkIS of the Serbian Armed Forces and the TkIS for
general purposes for the defense of the Republic of Serbia. This work
should serve as a basis for reviewing the state of the TkIS of the Serbian
Armed Forces in terms of organization, equipping and modernization of
the TkIS of the Serbian Armed Forces, training of members of the
telecommunications and information service, and the coordination and
compatibility of the organizations of TkISs of other holders in the
Republic of Serbia for the defense of the Republic of Serbia.
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BJIMAHWME OOCTUTHYTOIO YPOBHA PA3BUTUA
NHOOPMALIMOHHOW 1 TENIEKOMMYHUKALIMOHHOM CUCTEM
BOOPYXEHHbLIX CUIT PECIYBINKKN CEPBUNA HA BOEHHYIO
OBOPOHRHY

Xamudxa A. bepuwa, Onza M. 3opuy
YHusepcuTeT o6opoHsl B 1. benrpag, LLkona HaumoHansHoW 060pPOoHbI,
r. benrpag, Pecnybnuka Cepbus

OBNACTb: TenekoMMyHUKaLmMm
BWAO CTATbW: npogeccroHanbHas ctaTbs
A3bIK CTATbW: aHrnuickuin

Pe3some:

UHpopmayusi, kak OOUH U3 BaxHbIX (baKmopos 60UHbI, OKasbisaem
6orbwoe enusiHue Ha GhopMy, HanpasesieHuUe U CKOpoCmb pa3sumusi
cospeMeHHbIX KoHghriukmos. OHa rnodpa3ymesaem eradeHue 3HaHUsIMU
u OaHHbIMU, HeobxodumbiMu Onsl  ycriewHo20 KomaHdoeaHuUs U
yrnpaeneHusi Ha 6cex ypoeHsix. BradeHue uHgopmayueli CHUxaem
cmeneHb HeU38ecmHocmu 8 80eHHoM Oene u criocobecmeyem sy4uwiel
OUeHKe cumyauyuu, a makxe MPUHSAMUIO COOMBemcmeYWUX pelueHul
8 peasbHOM 6peMeHU. B OaHHOU cmambe C pasHbIX acriekmos
rnpedcmaerieHa merieKOMMYHUKaUUOHHast cucmema (TKMC)
BoopyxxeHHbix cun Pecrnybriuku Cepbusi U omkpblieaemcsi 80rpoc o
Heobxo0uMoCmU COBEPUWIEHCMBOB8AHUST cywecmaytoweli cucmemMsbi, Ymo
8 €800 04epedb mpebyem MOCMOsIHHOe passumue UHEOPMAaUUOHHbIX
mexHorozaul. B pabome onucaHbi MoHsIMuUe, HasHa4YeHue, rMpuMeHeHUe,
cmpykmypa u docmuaHymbil yposeHb passumusi TkMC. C ocobbim
8HUMaHuUeM bbiu fpoaHanu3uposaHsl yposeHsb pazsumus TkMC BC PC
U rpu4uHHo-criedcmeeHHble cesa3u ¢ obopoHol Pecriybnuku Cepbus, ¢
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yriopom Ha 80eHHyto 060poHy. Llenb daHHoU pabomsi 3akiroyaemcs 8
npedcmasnieHUU MO0, KakuM 00pa3oM  UHGopMauuoHHas U
mesneKoMMyHUKaUUOHHasi cucmembl Boopy»keHHbIx cun  Pecriybriuku
Cepbusi mo2ym enusimb Ha 0b6opoHy Pecriybriuku Cepbusi, 0cobeHHO Ha
80€HHYI0 ODOPOHY, HaM makxke Xomesiocb obpamumb 6HUMaHuUe Ha
HeobxoOUMOCMb  OCMOSIHHO20 COBEPLUEHCIMB08aHUS U  passumusi
TKUC, mo ecmb, 8 Op2aHuU3auyuu coomeemcmeyruleli U ce0e8peMeHHOU
rnod2omoeku rnepcoHana Orsi Hy»0 80€HHOU OBOPOHbI. 3Ha4YuMOCmb
OaHHOU pabombi 3ak/oHaemcsi 8 Mpoe8edeHHOM aHaslu3e COCMOSIHUS
MmesieKOMMYHUKaUUOHHOU U UHGhopMayuoHHoU cucmem Boopy»eHHbIx
cun Pecniybrniuku Cepbusi u npedcmassieHuu pearsbHbIX HyX0 60eHHOU
060poHbI Pecnybriuku Cepbusi 8 KOHMEKCMe COBPEMEHHbIX 6bI30808
be3onacHocmu.

Kritouesblie criosa: uHghopmayusi, menekoMmyHukauyuu, BoopyxeHHble
cunbl Pecrniybniuku Cepbusi, eoeHHass 0b60OpoHa, CrymHUKo8ble cemu,
MpPo8odHbIE cemu, UHmepHem.

YTUUAJ OOCTUTHYTOI CTEMNEHA PASBOJA
TEJIEKOMYHUKALMOHO-MH®OPMALIMOHOIT CUCTEMA BOJCKE
CPBWJE HA OBPAHY PEMYBINKE CPBUNJE

Xamuya A. Bepuwa, Onea M. 3opuh
YHuBepauteT ogbpaHe y Beorpagy, Wkona HaunoHanHe oabpaHe,
Beorpan, Penybnuka Cpbuja

OBNACT: TenekomyHukaLmje
BPCTA YJIAHKA: cTpy4HuM unaHak
JESNK YJTAHKA: eHrnecku

Caxemak:

UHpopmayuja, kao jeGaH 00 3HavajHUX ¢hakmopa opyxxaHe 6opbe, y
8e/lUKOj Mepu ymu4ye Ha (bu3UOHOMUJy, rfpasay u 6p3uHy pa3ssocja
caspemeHux cykoba. OHa u3paxasea pacrionioxueocm 3Harbuma U
rnodayuma rnompebHUM 3a ycrnewHo KomaHOo8aH-e U pyKosofiere Ha
ceum HusoumMa. HbeHom pacrionoxusowhy cmarbyje ce Heu3gecHocm y
80jHOj OenamHocmu u omoeyhaea ce b6orba npoueHa cumyauuje, Kao u
OOHOWeH-e C8PCUCX00HUX 00slyKa y peariHoM epemeHy. Y pady ce ca
suwe acriekama caenedaga MeNeKoOMyHUKaUyUOHO-UHGOPMaUUOHU
cucmem (TkMC) Bojcke Cpbuje u akmyenusyje numarme mnompebe
yHarpelhierma riocmojeheza cucmema kKoje Hamehe HernpecmaHu pa3eof
UHGbopMaUUoOHUX mexHosnoeuja. Y paly ce Haeole rojaM, HaMeHa,
cmpykmypa u docmuzHymu cmernieH pasgoja TkUC. [emarbHo cy
aHanusupaHu cmeneH pa3seoja TkMC BC u y3poyHo-riocrieduyHe eese ca
o06paHom Penybrniuke Cpbuje, ca mexuwimem Ha 80jHoj 00bpaHu. Ljurb
pada jecme Oa ce caanefa ymuuaj MeneKoMyHUKayUOHO-
UHgopmauyuoHoe cucmema Bojcke Cpbuje Ha 006paHy Penybnuke

157

Berisa, H. e al. Impact of the current level in the development of the telecommunication-information system of the Serbian Armed Forces on the defense of the Republic of Serbia, pp.131-158



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2019, Vol. 67, Issue 1

Cpbuje ca mexuwmem Ha 80jHOj 0dbpaHu, Kao u Oa ce yKaxe Ha
nompeby HeripecmaHoe ycaspwasara TKMC u KOHMUHyupaHe
edykayuje, oOHOCHO aldekeamHe U rpasospemeHe obyke kadpa 3a
HUX080 Kopuwhere y 80jHoo0b6pambeHe cepxe. SHayaj pada ozaneda ce
y aHanu3u cmarba MeneKoMyHUKaUuUOHO-UHGbopMaUUoHo2 cucmema
Bojcke Cpbuje y odHocy Ha nompebe sojHe 00bpaHe Penybriuke Cpbuje
y KOHmekcmy caspemeHux 6e36ed0HOCHUX u3a3oea.
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Summary:

Nanotechnology deals with the creation of materials, devices and systems
through manipulation of matter at the nanometer length scale. The created
object itself does not have to be a nanoscale size object, it might be a
micro or macro size object. Significant changes have been observed in
physical, chemical, mechanical, electrical, optical, magnetic, and other
properties when going down from bulk to nanoscale materials.

Key words: nanotechnology, nanomaterials, nanoparticles, properties
of nanomaterials.

Introduction

Although the interest in nanotechnology has reached its peak only
recently, the concept of nanotechnology itself has been known for more
than 50 years. In the article titled “There's Plenty of Room at the
Bottom“(1959), physicist Richard Feynman concluded that according to
the existing physics laws, there is no reason why materials could not be
“created/manufactured” by manipulating single atoms. Besides Richard
Feynman, we need to mention Professor Nori Taniguschi, who first
introduced the word “nanotechnology” (1974), as well as the recipients of
the Nobel Prize Harold W. Kroto, Richard E. Smalley, and Robert E. Curl,
who discovered the fullerene = a .ball-like form of carbon that showed a
lot of potential as a building material in manufacturing miniature size
objects. An unexpectedly discovered form of carbon, named Buckyballs
or Fullerenes after eccentric architect Buckminister Fuller, was declared
the molecule of the year by the “Science” magazine in 1991. (Hawkins et
al, 1991, pp.312-313)
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Progress in the field of nanotechnology was prompted by the
development of advanced electron-scanning tunneling microscopes used
for observing nano objects. The variety of nanomaterials is vast, just as is
the range of their properties and possible applications. We can say that,
with nanotechnology, the boundaries between different scientific
disciplines are disappearing. Therefore, we can label it as converging
technology and we need an interdisciplinary approach to it. Because of
its far-reaching and various fields of applications, it is believed that
nanotechnology has an enormous potential.

Nanomaterials and Nanoparticles

Nanometer, nanoparticle, ultaramicrosize, nanophase materials are
all different terms used for materials with their grain size of the order of a
few nanometers (El-Shall & Edelstein, 1996, pp.29-70).

The prefix “nano” comes from a Greek word that means something
extremely small. For example, one nanometer equals to 3-5 atoms lined
up in a straight line, the diameter of a human hair is about five times that
of a nanoparticle, a red blood cell has a diameter ~7000 nm, while a virus
has a diameter of 100 nm. Quantum physics/chemistry study atoms and
molecules, as well as objects smaller than 1 nm. Physics of condensed
matter explores/studies bonded atoms and molecules, i.e. objects
ranging from 100 nm to infinity. Empty space is between 1-100 nm i.e.
from 10 to 106 atoms per particle. Nanoparticle materials in modern
physics of condensed matter are considered to be materials that consist
of grains smaller than 100 nm. In the above mentioned region, neither
the laws of quantum mechanics nor the laws of classical (Newtonian)
physics apply. Because of the limited dimensions, there are changes in
the crystalline and zone structure, the number of defects, and the size of
the active area. The significance of these changes depends on the
particle size. It turns out that all the changes in the characteristics have
become very interesting for different applications (nanomania). Their
chemical and physical characteristics are important; however, their
synthesis is the most important one at this time. Some of the very
complex questions/requirements in front of the synthesis are: very narrow
particles size distribution without agglomeration, control of defects,
specific shape and composition, etc. The classification could be based
on: dimensions, phase compositions or synthesis methods (Nass et al,
2004, pp.5-10).

Based on the dimensions:
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If 3D is smaller than 100 nm, there are nanoparticles, quantum dots,
hollow spheres, etc.

If 2D is smaller than 100 nm, there are nanotubes, nano-fibers,
nano-wires, nano-platelets, etc.

If 1D is smaller than 100 nm, there are films, coatings, multilayers,
etc.

Based on the phase compositions:

One-phased solid objects are: crystallites, amorphous particles and
layers, etc.

Multi-phased solid bodies (objects) are: nanocomposites, coated
particles, etc.

Multi-phased systems are: colloids, aerogels, ferrofluids, etc.

Based on synthesis methods:

Reactions from a gas phase are: physical and chemical methods of
deposition from a vapor phase, condensation in the atmosphere of inert
gases, chemical vapor deposition, etc.

Reactions from a liquid phase are: sol-gel, method of
sedimentation, hydrothermal method, etc.

Mechanical methods can be the grinding method, the method of
plastic deformation, etc.

From a scientific point of view and for practical application purposes,
it is of great importance that the physical characteristics of nanomaterials
differ significantly from polycrystalline (bulk) materials of the same
chemical composition (Table 1). In some cases, for particular physical
parameters, these differences could be a few orders of magnitude. A
very important characteristic of nanomaterials is that the values of
physical parameters are very sensitive to the size and morphology of
nanoparticles (Tadi¢ et al, 2009, pp.839-843), (Tadi¢ et al, 2011,
pp.7639-7644), (Tadi¢ et al, 2012, pp.28-33). Some of the examples
representing significant difference in the values of some physical
parameters are: the melting point, change in the unit-cell parameters,
change in the magnetic and optical characteristics, conductivity of the
material, etc. The surface to volume ratio is an important parameter that
has an impact on new characteristics in comparison to those of bulk
materials. The number of atoms on the surface (with regard to the total
number of atoms) increases as the particle size gets smaller. As particles
get smaller, the surface to volume ratio increases and the influence of the
shell on the magnetic properties becomes more significant. For example,
3 nm size iron particles have 50% while 30 nm size iron particles have
only 5% atoms on their surface that have a significant impact on their
physical characteristics (Sorensen, 2001, pp.37-69).
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Table 1 — Some of the common properties of nanomaterials that are significantly different
from the properties of the bulk materials with the same chemical composition (Nass et al,
2004, pp.5-10).

Tabnuua 1 — Hekomopbie us obwjux ceolicme HaHoOMamepuasios, Komopble
3Ha4yumesibHO OMIUYaKMCcs 0m c80UCME Chify4Yux Mamepuanog ¢ 0OUHaKo8bIM
xumuveckum cocmasom (Nass et al, 2004, pp.5-10).

Tabena 1 — Heke 00 kapakmepucmu4Hux ocobuHa HaHOMamepujarna Koje ce 3Ha4yajHo
pasrnukyjy o0 ocobuHa bynk mamepujana ucmoa XxeMujckoe cacmasa

Properties Examples

Catalytic Increase in surface activity of particles

Increase in electrical conductivity of ceramic materials and
Electrical magnetic nanocomposites
Increase in electrical resistance in metals

Change of the point of magnetic phase transition
Magnetic Increase of coercivity
Appearance of super-magnetism

Improvement in firmness and hardness of metals and alloys

Mechanical Appearance of super-elasticity

Shift in optical absorption and change in fluorescent
Optical properties
Increase in quantum efficiency of semiconducting crystals

Increase of the surface to volume ratio of particles causes lower
melting temperatures, lower magnetization, changes in catalytic activity,
etc. A large number of atoms on the surface significantly increase
“surface activity” that is very favorable for chemical reactions. However,
due to increased activity, nanoparticles have tendency to form
aggregates and agglomerates that could cause loss of preferred
characteristics. Therefore, it is necessary to stabilize particles with some
additional treatment. For example, it is possible to put particles in an
adequate matrix or to coat them with a different material even though
their characteristics change with this kind of surface modification. The
coordination number of atoms on the surface is lower than the one for the
atoms inside the particle, which would cause an increase in the surface
energy. Therefore, the diffusion of atoms can take place at lower
temperatures. For instance, the melting point of gold is 1063 °C, while
nanoparticles of gold with particle diameters under 5 nm have the melting
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point of = 300 °C (Buffat & Borel, 1976, pp.2287-2298). Decreasing the
particle size has a significant influence on firmness and hardness of
materials (Weertman, Averback,1996, pp.331-353).

Measurements of firmness of copper for crystallite of different sizes
have shown that firmness increases as the crystallite size decreases.
Firmness of the copper samples with 50 nm size crystallites is 2 times
higher, while in the copper samples with 10 nm size crystallites it is 6
times higher than for the bulk. The elasticity limit of copper increases 2
times when crystallites decrease in size form 100 pm to 10 um (Adams et
al, 1989, pp.9479-9484).

One of the characteristics specific for nanomaterials is
superplasticity. As opposed to bulk materials, nanomaterials have the
ability to withstand the tension beyond the point of fracture.
Superplasticity is explained by diffusion of atoms, i.e. moving of
dislocations and sliding of the boundaries between particles.

Magnetic properties of nanoparticles

The magnetic properties of nanoparticles can be controlled with a
more precise control of size and shape of nanoparticles. Namely, below a
certain size, nanoparticles become mono-domain particles because that
is energetically preferable and they show super-magnetic behavior that
takes place above certain temperatures, so-called blocking temperatures
(TB) (Chikazumi, 1999, pp.453-457).

Above blocking temperatures, magnetic moments of particles
fluctuate in all directions with the help of thermal activation, similarly to
paramagnetic materials, while below this temperature, magnetic
moments of particles are locked in the direction of the axis of easy
magnetization (Kulal et al, 2011, pp.2567-2571).

The difference from common paramagnetism is that all magnetic
moments within a particle rotate coherently creating a super moment that
could be of the order of a few thousand Bohr magnetos. The external
field tends to align this super magnetic moment in its direction; however,
thermal energy disrupts that alignment in the same way as it happens
with paramagnetic materials, and that is the reason why this
phenomenon was named super-magnetism.

Since the surface effect plays a significant role in investigating the
magnetic properties of nanoparticle materials, the “core-shell” model has
been used for their description. According to that model, a particle
consists of a magnetically aligned nucleus and a non-aligned shell
(Fig.1). When temperature decreases, the shell gets aligned.
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core

shell

Figure1 — Schematic of the core-shell structure, I.e, the spin alignment of a spherical
nanoparticle
Puc.1 — Cxema cmpykmypbl sdpa 060/104KU, M. €. 8bipagHUBaHUe CIUHO8 cghepuyecKol
HaHo4Yacmuupb!
Cnuka 1 — LLlemamcku nipuka3 core-shell cmpykmype, mj. cnuHcko ypehere jeGHe
cghepHe HaHovYecmuue

The particle nucleus keeps the same physical properties of the bulk
material, while the shell is responsible for the appearance of new
properties. Namely, in the outer shell, magnetic interactions are modified
due to the surface effects such as: defects, vacancies, tension, and
broken chemical bonds. In addition, these effects are responsible for a
decrease in the temperature of a phase change, magnetic saturation and
an increase of coercivity in comparison to bulk materials.

The magnetic alignment of a nanoparticle shell is achieved by
lowering its temperature (Fig.2).

For super-magnetic systems, the following specific characteristics
are noticed: magnetic properties depend on the previous treatment of
ZFC (zero - field cooled) and FC (field - cooled) measurements, the
existence of a hysteresis loop below the block-temperature (TB) and its
appearance above the TB, the appearance of a maximum during ZFC
measurements (blocking temperature), and the existence of overlapping
magnetization curves at various temperatures above the blocking
temperature when magnetization M is shown as a function of H/T (H -

magnetic filed strength, T - temperature) (Sorensen, 2001, pp.37-69),

(Tadi¢ & Citakovi¢, 2014, pp.47-64), (Tadi¢ & Citakovié, 2011, pp.91-
105).

164




high low

lowering T

Figure 2 — Schematic of the magnetic alignment of a shell by lowering its temperature
Puc. 2 — Cxema mMa2HUMHO20 8blpasHU8aHUsI 0BOMIOYKU NPpU CHWXEHUU ee
memnepamypsbl
Cnuka 2 — lllemamcku npuka3 maeHemHoe ypehueara shell-a cHuxagamem
memnepamype

In Figure 3, the strength of a coercive filed is shown as a function of
particle size (Pelecky et al, 1996, pp.1770-1783). Above a certain critical
particle size characteristic of the material DS (Table 2), a material is
composed of many domains (multi-domain structure), while below the
critical particle size, a material DS becomes mono-domain.

The figure shows that the coercivity increases as the particle size
decreases up to a critical size for a mono-domain particle of a given DS
material, beyond which it starts decreasing and, after a certain DSP
value, the material becomes super-magnetic, l.e. the coercive field
strength goes down to zero. In Figure 3, it could be noticed that, for very
high values of the particle diameter D>> DS, the value of the coercive
filed strength approaches a constant value, which is a characteristic of
the material in its bulk form.
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HC F 3

< mono-domain -«— multi-domain ——

~

Hc=const

L

Dsp Ds D>>Ds D

Figure 3 — Coercive field strength as a function of a nanoparticle diameter at a constant
temperature. DSP - diameter below which a material shows super-paramagnetic
behavior; DS - critical diameter
Puc. 3 — Cxema 3agucumocmu cusibl KOSPUUMUBHOZ0 10719 om duamempa HaHo4Yacmuy,
npu nocmosiHHoU memnepamype. DSP - Quamemp, HUxe Komopo2o mamepuar
demoHCcmpupyem cyneprapamagHum+oe nogederue; DS - kpumudeckuli duamemp
Cnuka 3 — lllemamcKu rpuka3 3a8UCHOCMU ja4uHe KoepyumueHoa rosba 00 NpeyHuKa
HaHo4Yyecmuya rpu KoHcmaHmHoj memnepamypu. DSP — npe4Huk ucnod kojea
Mamepujan rnokasyje cynepnapamasHemHo noHaware, DS — Kpumuy4Hu npeyHuK

The critical diameter size for spherical nanoparticles depends on the
material type (Table 2 shows the critical diameter values for some
materials) (Sorensen, 2001, pp.37-69).

Below the critical diameter-DS, the coercive field strength
decreases, according to the following functional relationship:
h
He=0-—%
DZ
where g and h are constants (Kumar et al, 1994, pp.354-358).
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Table 2 — Diameters of the spherical particles of some substances below which they are
mono-domain
Tabnuya 2 — Juamempsi cghepudecKux Yacmuy, HEKOmMopbIX 8eU,ecme CHU3y, KOmopbie
A871510MCs1 MOHOOOMEHHbLIMU
Tabena 2 — Benu4uHe npeyHuKka cghepHUX Yecmuya HEKUX CyrcmaHyu ucrood Kojux cy
OHEe MOHOOOMEHCKe

Substance Ds (nm)
Fe 14
a-FeoO3 41

Ni 55

Co 70
Fes04 128
y-Fe203 166

Except the particle size and microstructure, the shape i.e. the
elongation of the particle (ratio of the longest dimension and the shortest
dimension) also affects the coercive field strength.

(Baibich et al, 1986, pp.2472-2475), (Buffat et al, 1976, pp.2287-
2298), (Chikazumi, 1999, pp.453-457), (Tadi¢ et al, 2011, pp.7639-7644),
(Kulal et al, 2011, pp.2567-2571), (Pelecky et al,1996, pp.1770-1783),
(Kumar et al, 1994, pp.354-358), (Zboril et al, 2002, pp.969-982), (Wang,
2000, pp.1-11), (Krill & Birringer, 1998, pp.621-640), (Audebrand et al,
1996, pp.83-87), (Huang et al, 2001, pp.1497-1505), (Gupta et al, 2011,
pp.1095-1098).

For example, in the case of the Fe nanoparticle, the increased
elongation of ~5 times (from 1 to 5) increases the coercive field strength
for ~10 times (Kfrill et al, 1998, pp.621-640). In general, the coercive field
strength increases as elongation increases, i.e. with the increase of the
anisotropic shape (Krill & Birringer, 1998, pp.621-640).

The field of magnetic nanoparticle materials still has not been
studied enough. One of the reasons is that synthesized nanoparticles
have different shapes and sizes so their effects on magnetic properties
could not be clearly observed. The basic aim in the process of the
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synthesis of nanoparticles is the creation of a desired shape and a size of
particles (narrow particles size distribution). Some of the methods used
for the synthesis of magnetic nanoparticle materials are: sol-gel,
mechanical-chemical, glycerin-nitrate, micro-emulsion, and spray

pyrolysis.

Conclusion

Nanotechnology is a growing field of research. During the last
decade, interest for nanoparticle materials has been connected to their
new and specific physical characteristics and possibilities for their
application in all aspects of the human life. It has been noticed that there
is a change in the physical characteristics (magnetic, mechanical, and
optical properties, as well as in melting temperature, material
conductivity, etc.) of nano-particle materials in comparison to bulk
materials. In some cases, for some physical parameters, differences are
up to a few orders of magnitude and can vary significantly. Nanoparticle
materials are objects of intense research, because they represent a
significant potential for the development of new materials that can be
used/applied in various areas of science and technology. It is expected
that nanoparticle materials will soon have a leading role in technology,
medicine, etc. and that the production of nanoparticle based materials
will be increasing in the near future.
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JESNK YJTAHKA: eHrnecku
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Caxemak:

HaHomexHonozuja b6asu ce cmeapareM Mamepujana, ypehaja u
cucmema OUPEKMHOM MaHurynayujoM cyricmaHue Ha HaHOMemapCKoM
(amomckom) Hueoy. Cam KpeupaHu objekam He mopa Oa b6yde
HaHoeeslu4yuHe, eeh MUKPO unu Makpoeesnu4duHe. [locmoje 3HadajHe
rpomeHe bU3UHKUX, XEMUJCKUX, MEXaHUYKUX, efTeKMPUYHUX, OMMUYKUX,
Maz2HemHuUx U Opyaux Kapakmepucmuka fpu rpesnasy o0 mamepujana 6o
HaHoMamepujana.

KrbydHe peyu: HaHomexHosoauja, HaHoMamepujanu, HaHodyecmuue,
0cobuHe HaHoMamepujana.
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CABPEMEHO HAOPY>XAHE N BOJHA OINPEMA
COBPEMEHHOE BOOPY>KEHVE 1 BOEHHOE OBEOPYOBAHVE
MODERN WEAPONS AND MILITARY EQUIPMENT

Pycku MiG 31: MohHuW npecpeTay koju paseuja 6pauHy og 3 maxa’

MiG 31

TokoMm nocnegwe pfeueHunje xnagHor pata, MiG-31, HATO osHake —
Foxhound, yxuBao je ctaTyc MUCTUYHOr aBuoHa Ha 3anagy. [NojasrbmBane cy
ce 3pHacTte coTorpacdumje cnabe pesonyumje n TEKCTOBU KOjU Cy BULLIE MNNYUIIN
Ha nsBewwTaje o HINO Hero Ha 03buUrbHE BOjHE KOMeHTape. Ann HU JaHac, Hema
npeumsHUjux aHanuMsa OBOr aBMOHA, KOje MHa4ve MNocToje 3a pasHe Bep3suje
aBuoHa MiG-29 n Su-27.

MiG-31 npeacrtaBrba Mogen cTapor JausajHa Koju je npegsuhao
npecpeTaye Koju cy bunn HamenweHu 3a Op30 Npenaxere BENUKUX pasgarbuHa
W Hanapj Ha npoTMBHMYKe Bombapaepcke 1 pakeTHe cHare. [Jok je ocTtaTak cBeTa
yrnaBHOM MPOM3BOANO BULLEHAMEHCKE aBUOHE Koju 61 Omnm ocnocobrbeHn 3a
obapare NPOTMBHWMYKMX aBMOHA WKW 3a Hanage Tuna Basdyx-3emiba, pycka
BOjHa AOKTpMHa W parbe 3aroBapa noTpeby 3a TewkuMm, K3y3eTHO 6p3um
npecpetayem Koju 61 4yBao OrpomMHa pycka npoCTpaHCTBa.

" The National Interest, 2 August 2018
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MiG-31 je npojekToBaH Kao npecpeTay 3a 3awTuTy aomaher BasgyLuHoOr
npocTopa 1 HUKaga Huje ynotpebrbeH y 6opou HUTK ce n3so3no. Pycuja n parse
ofgpxaBa Benuku Opoj OBMX foBaua kKao [[e0 CBOr CrojeBMTOr cuctema
Ba3gyLHe ogbpaHe, wro he ce HacTaButh u y 6ygyhHocTw.

Foxhound je Hactao KkKao nokywaj YyHanpehewa cBor, [OOHeEKMe
HeycrnewlHor, NpeTxoAaHuka noBua npecpetada MiG-25 Foxbat. [1BOMOTOpHU
npecpertay Foxbat je jow yBek Hajbpxu onepaTuUBHM fOBaL, Ha CBETY, jeOVHU
Koju moxe pgoctuhm 6p3vHe npeko 3 mMaxa Ha BucuHama of npeko 21.000
meTapa. Haume, MiG-25 6uo je npegsuheH 3a 6opby npoTMB amepuykor
cynepcoHunyHor 6ombapaepa XB-70 Valkyrie, Koju HWkaga Huje HM ywao Yy
cepujcky npoussoamy. Foxbat je yxkvBao ManTeHe MUCTUYHY penyTtauujy Ha
3anagy, cBe gok cosjeTcku nunot Victor Belenko Huje npeberao y JanaH 1976.
roguHe n omoryhuo MNeHTaroHy ga AetarbHO npernega aBuoH. VicnoctaBuno ce
Oa Cy eneKkTpoHckM ypehaju Ha npecpeTady OGunm yrnaBHOM famnailky (LITo
HWje nowe 3a [ejcTBa HAaKOH HyKrneapHe AeToHauuje M eneKkTpomarHeTHor
numnynca) WTo YMHOrOMe yTuye Ha Op3unHy obpage wvHgopmauuja. Takohe,
yTBphHeHo je aa motopu nosua MiG-25 mory goctuhu, na yak n mano npectuhm
Op3avHy og 3 Maxa, anu Mno LeHy yHMWTaBaka MOTopa, WTO ce W Aecwuro
HEKONULUMHM NOWjCKMX N MpaYKMX NMIoTa Koju Cy Ha Taj HauYMH vnak ycnenu ga
N3MakKHy CBOjUM MpPOroHuTerbsuma. ABMOH je MOrao ga oapxaBa CyrnepCOHUYHY
Op3uHy camo Ha Behum BUCUHaMma.

HakoH npebera coBjeTckor nunoTa 1 obenofarwmBarka nogataka O aBUOHY
noyeo je n weros u3eo3, a CCCP je 3ano4eo npojektoBawe HOBOr npecpetaya
Benuke Op3uHe, KOjM je MMao jow jegaH 3ajaTtak: Aa npecpehe kpcrapehe
pakeTe Ha ManuMM BUCUHaMa koje Ou netene vcnog pagapckor Bugokpyra. Hoeu
On3ajH NpeaBuaeo je ABocen, ¢ TUM Ja je Ha 3agHeM ceauTy cejeo oneparep
OpYy)XaHOr cucTemMa KoOjM je ynpaBfbaO0 HOBMM BeOMa MONHWM pagapcKum
cuctemMoM, yHanpeheHuM pakeTama Ba3gyx-Ba3gyx BENMKOr JomeTa M HOBMM
MoTOpMMa.

OBakaB yHanpeheH Foxbat nobuo je n HoBu Ha3nB — MiG-31. HoBu Foxbat
je, ocMM MecTa 3a gopaTHOr ynaHa nocage, Jobvo noTnyHO HOBWM pagapcku
cuctem Zaslon S-800 ca nacvBHWM €nEKTPOHCKMM CkeHupakeM. Hosu pagap
umao je gomet o ckopo 180 kunomeTtapa u 6mo je onpemrbeH cuctemom ,look
down, shoot down” koju je omoryhaesao oTkpuBahe 1 Hanag Ha HUCKO- netehe
unrbese. Ocum pagapa, noeay je 61Mo onpemrbeH 1 MHpaLpBEeHUM CUCTEMOM
3a npeTpary un npahewe (IRST), WwWTo je ynoTnywasano pagapcku CUCTEM.

OcHoBuLy Haopyxaka npegcTaBrbana je HoBa pakeTa Basdyx-Basgyx R-
33 Benukor gometa, HATO «kogHor HasvmBa AA-9 Amos. 3a 0By pakety
cMmartpano ce pda npeficTaBiba MNaHOaH amMepuykoj pakeTu Basgyx-Basgyx
Benukor gometa AIM-54 Phoenix Kojy je naHcupao aMepuykM MOpPHapUYKK
noeau F-14. OBe Benuke pakeTe ca pagapckmm cuctemom Bohewa bune cy
MOHTUpaHe Ha goweM geny Tpyna npecpetadya MiG-31 n 6une cy HameneHe
3a Hanag Ha BombBapgepe Ha parbuHama o 120 kunometapa. Pagap nosua
omoryhaBao je naHcupawe M HaBoOherhe WCTOBPEMEHO Ha YeTUpuU aBUOHA.
Mopen yeTupwm pakete Benukor gomeTta R-33 0Baj TeLUkM npecpeTay Morao je aa
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HOCM Ha MOABECHMM Tadykama WCMnof Kpuna jow 4YeTvpu OO LWecT JoAaTHUX
pakeTa Basgyx-Basdyx KpaTkor unu cpegwer gometa. [lopen Tora, 3a pasnuky
of npetxogHuka MiG-25, MiG-31 je 6uo HaopyxaH 1 Tornom og 23 MM.

MiG-31 je 3agpxao nepcopmaHce nosua npecpetada MiG-25 y nornegy
BMCMHE NneTa, anv My je MakcumanHa 6p3vHa vnak buna HewTo HuXa, cBera
2,83 maxa y ogHocy Ha 3 Maxa, WTO je oneT 6uno Opxe og Guno kor
onepaTtmBHOr 3anagHor nosua. LWUTo je jow BaxHuje, MiG-31 moxe netetn
6p3nHom o 1,23 maxa Ha Manum BucuHama — wrto MiG-25 He moxe. To ra YnHu
MHOro edukacHujum 3a noB Ha kpctapehe pakete u nosue 6GombGapgepe.
Ynpkoc Tome, MiG-31 Hema Bucoky MaHeBapabunHoct. Ha npumep, He 6wu
Morao fa uamaHeBpuLle amepudkor rosua F-15 — anum werosa ynora u Huje
TakBa, jep je HamekeH camo 3a NpubnmkaBare HenpujaTerb-eBUM feTenuuama
BENMKOM Bp3nHOM, UcnarbmMBake paketa u Bpahawe Hasag,.

Pusan Blackbird

MpounsBoar-a noeua npecpetava MiG-31 3anoveTa je 1979. rogmHe, a ywao
je y onepaTtuBHy ynoTpeby aBe rogumHe kacHuje. JloBau npecpetady MiG-31
yrnoTpebrbeH je 3a NoB Ha amepuyky LWNujyHckn aBuoH SR-71 Blackbird koju je
Ha cBOjMM u3BMAHAYKMM MUCHjama Morao netetun OpsvHama go 3,3 maxa.
MoBogom Tora nojaBmna ce npuya jeaHor CoBjeTCKOr NMUroTa Koju je pekao aa je
Ha ©BOjoj mMucuju nosa Ha amepudkn SR-71 Blackbird ycneo pa ,3akrbyya’
cuctem Bohewa pakeTe Basgyx-Basfyx Ha amepuuky netenuuy. Cnegehwu
n3BeLlTaju ykasnsanu cy Ha To Aa je rpyna o wect npecpetadya MiG-31 ycnena
da OMKONMU aMepuyvkn aBWOH y OABOjEeHOM MHUMAeHTy. Mefytum, mucnje neta
amepuukor aBuoHa Blackbird, no HaBogMma AmepukaHaua, HUCY ce oaBujane
Hag Teputopujom CosjeTckor CaBesa Beh Oy HeHMX rpaHuua, WTo objalaBa
0a, nako je moryhe ga cy coBjeTcku nunotu omnm y moryhHOCTM aa naHcupajy
cBoje pakete R-33, o Tora Huje Oowrno, jep je wnujyHcka netenuua buna BaH
rpaHnua CCCP-a.

CosjeTckn CaBes je TOKOM BpeMeHa yHanpefuBao ¢noTy CBOjuX nosaua
Foxhound npoussoawoM aBMOHa 3a cHabaeBawe ropusom y nety Tuna MiG-
31DZ. KacHuje ponasv u o yBohewa HOBOI pajapcKkor cuctema W pasHux
XapaBepckux noborbluaka, HAaKOH LUTO je COBjeTCKA aepoHayTUUKU UHXWUHep
Adolf Tolkachev oTkpuo TajHe pagapckor cuUcTeMa aBUOHA aMepuyKoj
obasewTajHoj] cnyxbwu. Llesgecet geseT npecpetadya Tuna MiG-31B n MiG-
31BS pobunu cy HOBe pagapcke cucteMe, OOK Cy [Ba npecpeTada, nof
o3Hakom MiG-31D, npeaBuheHun 3a yHULWITaBake NPOTUBHUYKNX caTenuTa.

PasBujeHa je 1 BapujaHTa MiG-31E 3a n3Bo3, anv o Tora Huje Aowro, jep
je Foxhound 6wo npesuwe cneumjanu3oBaH M ckyn ga Ou npuBykao cTpaHe
Kynue. JeanHa 3emrba, ocum Pycuje, koja pacnonaxe nosumma tuna MiG-31 je
KasaxctaH koju je HakoH pacnaga CCCP-a Hacnegvo TpugeceT OO negecet
OBMX NeTenuua.

loanHe 2015. nojaBune cy ce nHdopmaumje ga je Cupwuja kynuna MiG-31
on Pycuje, anu ce ncnoctasuio Aa To Huje TavHo. Y cBakoMm criyyajy, Cupuja He
61 mana Benvke KOpUCTM Of MpecpeTaya Benukmx OpaunHa y rpafjaHckoM paTy
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Koju je ycneauo. Y ToM paTy cy uHade kopuwheHun npecpetauu tuna MiG-25
KOju Cy Ce Bprio NnoLle nokasanu jep cy nokywiasanu aa rahajy konHeHe unrbese
pakeTama Ba3gyx-Basgyx.

bydyhHocm npecpemada Foxhound

[Mpema pacnonoxvenm nogauvmMa, pycko paTHO Ba3gyxOnmoBCTBO nma 252
nosua MiG-31. Pycuja je og 2010. roguHe 3anodena mopepHu3auujy cBoje
dnote nosaua MiG-31 Ha ctaHgapa MiG-31BM n MiG-31 BSM v nnaHupa ga
mogepHuayje 100 nosaua go 2020. roguHe. MogepHusaumja BM ykrbydyje HOoBM
cuUCTeM Aucnneja y KoknuTy, cuctem ynpasrbawa HOTAS u HoBu pagap Zaslon-
M ca wmakcumanHum aOoMeToM oOTKpuBawa uurbeBa Ao 300 kunometapa.
MopgepHusoBaHa netenuua ynotpebrbaBa HOBY reHepauujy pakeTa Basgyx-
Ba3gyx Ayror AoMeTa, kao WwTo cy R-33S, R-77 — pyckn ekBMBaneHT amMmepuyKoj
paketn AIM-120 — n pakeTy Bpno Benukor gometa R-37, HameweHy 3a Hanajg
Ha npoTuBHuYke netehe unctepHe n netenuue tuna AWAC. Ocum Hanaga Ha
BasdylwHe uuMrbeBe, HafeH je HOBU HauyuH yrnoTpebe oBux netenuua, a To je
Hanag XMNepcoHWYHUM pakeTama Basgyx-mope ,Kinjhal”’, a npoueryje ce pa je
10 go 12 netenuua MiG-31K npeasufjeHo 3a Ty CBpXY.

Mpouewyje ce pa Pycuja paHac nocepyje npeko 200 onepaTUBHUX
netenuua MiG-31, un 1o oko 120 mogepHunsosaHux MiG-31BM, oko 60 MiG-31B,
BS n DZ, kao n 10 go 12 MiG-31K Kkoju cy HaopyxaHu XUNEepPCOHUYHUM
pakeTama Basgyx-3emrba (mope) ,Kinjhal”. MiG-31 je TpeHyTHO Hajbpxu
GopbeHn aBMOH Ha CBETY W jeAMHCTBEH je 300r CBOjUX OANIMYHMX BUCKHCKO-
OP3NHCKUX KapaKTepUCTMKa, Kao M MO TOME LUTO MOXEe OYyro NeTeTu BeSIMKOM
Haa3By4YHOM Op3VHOM Ca CMOJbHUM HaopyXXaweM Koje ce cactoju of
pasnuMunTMXx KoMbnHauuja paketa Ba3gyx-Basgyx.

Ouekyje ce ga n nopeg Tora wTo je ctap 35 rognHa, MiG-31 HacTaBu ga
Ccnyxu BasaywHuM cHarama Pycuje go 2030. roguHe. Pycuje TBpav oa passuja
HOBW TuN npecpeTaya 3a Op3avHe od 4 maxa, a HaBOOHO Ce pagu O HOBUM
npojekTnma kao wro cy MiG-41 unn PAK-DP koju 61 3amennnu MiG-31 y ynosu
npoTMBBa3ayxonsoBHe oabpaHe. To je HeobuuHo, jep je Pycumja go capa
¢mHaHcupana npoussoakwy camo 10 npotoTmnosa ,HeBuabMBMX” noesaua PAK-
FA, na ce noctaBba nutawe Aa nu je Mmoryhe uHaHcuparwe [oOaTHUX
crneuuvjanus3oBaHux nnaTtgopmu.

MiG-31 je cumbon m3yseTHO Op3ux npecpeTaya Koju npenase OrpomHe
pasgarbvHe pagu yHuwTaBakwa Hagonasehux bombapaepa n paketa. OctaTak
cBeTa je, yrnaBHOM, MNpellao Ha BWLIEHaMEHCKe IeTenuue Koje ce Mory
ynotpebrbaBatn 3a 6GopOy y pexumy Basgyx-Basgyx, Basgyx-3emiba wnm
Basgyx-mope. [Nutawe je ga nu he Pycuja, ¢ o63npom Ha uHaHCHjcky
cuTyaumjy, n parbe Mohu ga npojektyje M HabaBrba YCKO-cneumjanvMsoBaHe
ckyne nnatdopme, Kao LWTO je, noMuke ce, HacnegHuk nosua MiG-31 — MiG-
41, vnn he ce opujeHTUCATM Ha, MOXOa Make CrnocobHe, anu jedTuHuje
BULLEHaMeHCKe noBsLe bombapaepe.

Hpaeax M. Byukosuh (Dragan M. Vu&kovié),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: ““http://orcid.org/0000-0003-1620-5601
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AKTYerHo cTare Hemadke MopHapuLe?

TpeHyTHO CTake HeMadke MOpHapuue je npaBa cpamoTa 3a HajboraTujy
3emrby EBponcke yHuje. OHa XxuTHO Mopa ga Tpaxu nosehawe OyueTa, jep je
WHaye yckopo Hehe Hu Butw.

Hemauka MopHapuua je [0 HeJaBHO akTMBHO YyyecTBoBana ca
caBe3HUUUMa Yy MpOTMBNMPATCKMM orfepauvjama, Kao LWTo je onepauuja
ATALANTA y wuctouHom pgeny Adpuke, Yy cnacaBakwy u3bernuua wus
CpepnosemHor Mopa, kao 1y crpedaBamy LUBepLa opyxja Ha obanama JinbaHa.
Cnuke Hemauvkumx OpogoBa KojM Cy Y4YecTBOBanM Yy CracaBaky OuvajHUX
nsbernuua ynenwanu Cy CrvMKy HEeMaykux OpPYXKaHMX CHara Ha HauyvH Ha Koju
HuWjeaaH Eurofighter unn Leopard 2 To Huje morao.

HesaBucHo o MuIbEHA jaBHOCTM, MUCUja HEMadke MopHapuue je
ncnywaparwe obasesa npema HATO-y. Haxanoct, 36or nower nnaHuparwa u
HeafeKkBaTHUX oOAnyka, anu u 306or HegocTatka cpefcTtaBa (huMHaHCKMpara,
MOpHapuua Huje y cTawy Aa MUcrnyHu cBoje obaBe3e npema OBOM CaBesy.
YKONuko ce cuTyaumja ogMax He NMPOMEHMU, CMOCOBHOCTM HeMadke MOpHapuue
he ce gogaTtHo cpo3aTu. Mako je yBek nakwe okpuBuTH ,0yLieTcka Kpecana”,
npobremMn MopHapuLe Cy unak BaH goMaluaja ouHaHcuja.

lModmopHuya knace Type 212

Hemadka mopHapuua vma orpomHe npobrneme ca CBOjMM OCHOBHUM
jeanHnuama: noAMopHMUama, MOBPLUMHCKMM ©OpodoBMMA W OHMM LITO je
npeocrano og nomopcke aeujaumnje. OHa nocedyje LWecT NogMopHuua Tuna
Type 212, op Kojux HujegHa Huje onepatuBHa. [lok Hemauka mHaycTpuja 6e3
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nkakBux npobrnema HacTaBfba Ca NPOAAjOM CIAMYHMX MOAMOpHMLA cByda Mo
csety, koje HATO napTHepwu ynoTpebrbaBajy y MHOMMM, Na 1 BPro OCETIbUBMM
Mucujama npukynibawa obaBelTajHux uHdopMauvja, Hemayka MopHapuua, 1
nopea ceoje gyre Tpaauuvje passoja n ynotpebe nogmopHuLUa, JaHac He MOXe
Aa ynotpebu HujegHy, a kako cToje cTBapu Hehe mohu jow gyro BpemeHa.

Ha jegHoj op cBojux npBux Mucuja, HoBa nogmopHuua U-36 Hanaswna ce
6nu3y HopBeellke Kaga je owTeTuna CBOje 3aAe ynpaBrbadke MNOBpLUMHE
,yOapLeM y CTeHy TOKOM poeHna’, nNa je mopana ga byae otnpaheHa Hasag go
Hemauke 6pooom koju je mpaTtvo TeCTHO powense. Mako ce oBakBe Hecpehe
JelwaBajy, TO je OOAATHO ypyLIMNo UMWL HemMadke MopHapuue Koja je Mmehy
npBMM 3eMrbamMa ynoTpebuna nogMopHULIE Y BOjHE CBPXE U TO BP0 YCMELLHO.
Mopen Tora, nogmopHuua U-31, npea nogMopHuua n3 knace Type 212, Hanasu
ce BaH ynotpebe jow og 2014. rognHe 360r He3aBpLUEHNX NOMPaBKU.

MogmopHuua U-32 nmana je npobnem ca akymynatopuma cpeguHom 2017.
loanHe, na n parbe 4veka nonpasky. Ooaywe, U-4 je ,ckopo na cturna” go
npBor cnobogHor foka, WTo 3Ha4yM MoXaa kpajem oBe roguHe. Ha cpehy, U-33
he (unu je Beh) 3aBpwKTM nNocTynak ogpxaBawa TokoM 2018. rognHe u Guhe
ynyheHa Ha TecTupawe paau NOHOBHOr yBohewa y onepaTuBHy ynoTpeoby.
MoamopHuua U-35, nogmopHuua uctor Tmna kao u  U-6, 3aBplueHa je Kpajem
2017. roguHe, ann Hehe GUTKM y onepaTuMBHOj ynoTpebun ceBe A0 MOMOBMHE UMK
Kpaja 2018. roguHe.

Cpenctea wuHdopmucawa HaBoge pda je npobrnem y ,HegocTaTky
pe3epBHMX genoesa’ u ga ,Hemauka Buwe He Moxe cebu [os3sonutu Aa
CKNnaguwwTn pe3epBHe [enoBa 3a oBe ckyne noamopHuue”. fla nu je To moryhe?
HeBepoBaTHoO je ga HajboraTuja 3emrba EBponcke yHuje He MoXe da ogpxasa
HM c¢noty oA wect nogmopHuua. OBe MNOAMOPHULE Cy MpOjeKToBaHe 3a
ynotpeby y Bantuykom Mopy u 3axBarbyjyhin CBOjUM XMOPOrE€HCKMM FOPVBHUM
hennjama mory octatu ncnog soge 1 Ao Aee Heperbe. Onepauuje y bantuykom
MOPY W HWCY Tako HamBHe C OO3MpOM Ha NNUTKe BOAE W OnacHe mwucuje
npukynrbawa obasellTajHux nogaTtaka O pyckum nykama. NogmopHuue knace
Type 212 npojekToBaHe Cy 3a OBakBy BPCTY onepauuja, na je Benvka wreTa LTo
CKOpO CBe y CyBMM [OKOBMMA YeKajy pasnuyunte BpCTE pesepBHUX OenoBa Koju
6u Tpebano ga Beh NocToje y HeKoMm cknaguwTy. Benuko je nutawe wra 6um
CKpOMHa Hemauyka MogMOpHMYKa ¢hrnoTa Morna ypagutu ykonuko 6u Pycuja
nocrtarna arpecusHuja y ogHocy Ha BanTtunuke apxase.

Tokom 2010. rogmMHe nocnegHn HEMaykm NOMOPCKM aBUOH Tuna Atlantique
oTuwao je y neHsujy. Pagn werose 3ameHe Hemauka je ognyuvmna ga Habasu
NonoBHM xonaHackn aBmoH Tuna P-3C. OBa oasnyka je JoHeTa nako Cy Ce HEKU C
npaBoM nNuTanu 3awTo 3aMEHWUTM OBOMOTOPHWM aBWOH, KOjU je BPfio CKyn 3a
oApKaBake, YeTBOPOMOTOPHMM aBMOHOM, jOLL CKYNibUM 3a oapkaBame. [Nopen
TOra, YMHKU Ce Aa HUKO HUWje NPUMETUO Aa HeMaudkm caBesHuum noenadve P-3C un
yrnaBHOM ra 3amMemyjy MOAEPHUjMM aBUOHOM 3a MOMOPCKO Haarneaawe P-8.
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Hemayku P-3C

[a ctBapu Gyay jow rope, yCKopo je nocrano ouuirnegHo ga cy nnaHepu
NCNycTuUNu U3 BMAa YvkeHnly Aa je OMBLIM XONMaHACKM aBUMOH MMao npeBwuLle
caTu HaneTa, na ce Ha Kpajy McnoctaBuno ga je noTpebHo 3ameHnTH Kpuna, anm
N YBECTU HOBW, MOAEPHUjU TaKTUYKM CUCTEM. JefaH Hemaudkm ouuup je 4vak
NPUMETNO [a KOHCTPYKLMjy aBUOHa y CTBapu ApXM camo ¢hapba. HakoH Tora,
YMeCTo da ce crnpoBede TeHAaep 3a crnpoBoferne eKCTeH3MBHUX pajoBa Ha
CTPYKTYpU aBMOHA U MOAEPHU3aLMju aBUOHCKMX UHCTPYMEHTa U CeH3opa, kao
WwTo TO page mopHapuue Amepuke, JyxHe Kopeje, AycTtpanuje u Hosor
3enaHpa, Hemadka MopHapuua je npumeHuna ,jeQHOCTaBHU)y TakTuKy” W
npenyctuna KopMuno WHAycTpujckuMm komnaHujama. KomnaHwja Lockheed
Martin je ekcknysuBHO pgobuna yroBop o ocam rogmHa 3a cnpoBofere
mMogepHu3aumje. [porpam CTPyKTYpHMX MpOMeEHa cacToju ce o4 ocaM KomnneTa
KOj\ YKIbY4Yjy Kpuna, LueHTpanHu Tpyn u XOpM3OoHTarHe ynpaBrbaydke CTPYKType.
C ob3upom Ha TO ga AaHac He MOCToju HujegaH aBuoH Tuna P3C koju je y
onepaTMBHOj] yrnoTpebu, ga nu je 6uno moryhe, npe oBe HabaBke, u3Byhu
3aK/byvak ga je Moxga unak oumno nameTHuje Kynutu HoBu P-8 mnmn makap
CNpOBECTU TeHAEep 3a nporpam moaepHusaumje.

MospwwmHcka hrnoTa je nnak y mano 6orsem ctanwy. MopHapuua uma gecet
dperaTta 1 net KopeeTa y onepatusHoj ynotpedbu. Kopseta F-130 je HeobunyHa,
MoXOa NOMOPCKN eKBMBamneHT ,ToBapHe Masre”. Cysuwe je mana ga 6u buna
ynotpebrbaBaHa ,BaH permoHa” 1 cyBulle Benvka aa 6u 6una nokpeTtHa u 6p3a.
Usrnepa pa je kopBeTa npegctasrbana KoMnpomuc uamehy gena komaHgHor
Kagpa Koju je xerneo HewwTo Mano, 6p30 1 NOKPETHO 3a yHyTpallke onepauuje y
Bantnukom Mopy 1 Apyror gena KOMaHOHOTr Kagpa Koju je, unak, >xeneo 6pog
Kojy O6u ©Oumo cnocobaH 3a onepauuje y ATNaHTCKOM okeaHy. Pesyntar
komnpowmumca je 6pog HocusocTu o 1800 ToHa, ayxmHe oo 89 meTapa Koju Hema
cBoj xenukontep (!), WTO npeacraBrba HegocTatak 3a GUIO Kojy Mucujy opf
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bantuka go AtnaHtuka. lMopep Tora, kopBeTa Moxe OUTM Ha MoOpy camMo
Hegerby AaHa 6e3 6poaa 3a NOAPLUKY, LWTO je OneT YMHW HEKOMNaTUOMITHOM 3a
onepauuje y mopy u okeaHy. OHa nma ,camoyHuwTaBajyhe” merayke KyTuje u
npobrnem ca camMuM MOrOHCKUM cucteMoM. Tpeba nomMeHyT™M M TO pfa
OOpXaBake OBaKkBe KOpBETE Hemayky MOpHapwuuy KowTa Bulle Hero
oapxaBawe ¢perata Tuna Meko A200, HocmBocTn o 3700 ToHa 1 OyXUHE A0
121 meTap, Koje je Hemadka napaguna 3a mopHapuuy JyxHe Adpuke.

Hemauka kopeema F-130

Ha cpehy unun Hecpehy, Hemayka MOpHapuLa ce 3agp»karna camo Ha cepuju
OA MeT KopBeTa 3acrfyrom npeTxogHor komaugyjyher odmumpa Koju je OoHeo
TakBy oanyky. HegaBHO ce n HOBM MOpHapuykm nporpam dperata tuna F-125
Hawao Yy cpeouwTy naxwe kaga HoBa cperata og 7000 ToHa Baden-
Wiirttemberg Huje npowna npobHa TecTupawa. Yak ce n nuct Wall Street
Journal ornacvo noBodom Tora, na je Ha kpajy 4YnaHka, y Kojem je Habpajao cee
npobneme dperate, 3akibyuno aa ,To cTBapHO He paau”. Ocum npobrema ca
ctabunHowhy Ha Mopy 1 npobrnemMa ca coTBEPOM, 3a KOje ce NpeTnocTBIba Aa
he GMTN pelleHun jegHor gaHa, NPOjeKTaHTM Cy ycnenwu fa npeTtsope dperaty
Tmna F-125 y aBunoHcky mety og 7000 ToHa, jep cy 3abopasBunu pa yseny
NPOTUBABMOHCKN pakeTHM cucteM. CmaTtpanm cy pa he dperata 6utu
ynoTpebrbaBaHa y MMPOBHMM ofepauujama, Kao LTO Cy cnacaBawe usbernuua
M NpOoTMBNMpATCKe onepauuje rae ce He npeasuha ,BasgyLluHa NpeTa’.

OBkBa oaJsiyka OpareHa je 13jaBom aa ,yKonumko Oyae BasgyLUHUX NpeThM,
dperaty he npatutn cdperate tuna F-123 nnn F-124”. Kaga je Heko npumeTno
HEeNorm4yHOCT OBakBe W3jaBe, jedaH of 3BaHUYHMX M3BOpa je usjaBno na ,he
dperata rahatm OGuNo KOju NPOTMBHMYKM aBWOH cuctemoM RAM (Rolling
Airframe Missile) ”. OBaj cuctem jecte npeasuheH 3a ogbpaHy oa Huckonetehmx
pakeTa, anu Kako ce oabpaHutM og GomOu ca nacepckum HaBohewem (6e3
aKTMBHOr pagapa, 6e3 3payera Tonnote) koje RAM He MOXe HU Oa OeTekTyje,
Koje aBMOHM NaHcupajy ca garbuHa Ha Kojuma RAM He moxe Hanagatu. OBakBy
dperaty Moxe Hamactu M aBMOH ca OBWyHMM ,rmynum” BombGama koje mory
OLUTETUTU UMM YHULITUTU OCETIBMBY M CKYyMy ENIEKTPOHCKY onpemy, wWTo 6wu
dperaTy YYMHUNO NOTNYHO BECKOPUCHOM.
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Hemauka ppezama F-125 Baden-Wiirttemberg

Kao BehuHa pperata u dperata F-125 moxe uckpuaTu Ha KOMHO camo
OjayaH BoA. Mako pacnonaxe ogrosapajyhom BasgyLHOM NOAPLIKOM W Aarbe
HWje jacHO LWITa MOXe ypaauTu jedaH ojadaHun Bog 6e3 npatehe TEXHUKE U Kako
je MopHapwua Koja y onepaTuBHOj ynoTpebu nma dperate tuna F-123 n F124 un
conunagHe, nako crapwmje, dperare tuna F-122, morna 4o3BonMTU NpPOjeKTOBaHkE
n yBohewe y onepatneHy ynotpeby 6pogosa knace K-130 n F-125.

Hemauka MopHapuua 6una je y cnnyHoj cuTyaumju Tokom nponeha 1941.
loowHe, kapa je 6una cyoyeHa ca npobneMom ynoTpebe Topneda naHcupaHmnx
ca aBvoHa. Y nucmy ynyheHom CBOjoj Cynpy3u, Npe NpBoOr onepaTyMBHOT n3nacka
6ojHor 6poga Bismarck, npojektaHT ©popa Heinrich Schliiter xanvo ce Ha
rNynocT MopHapu4ike OGupokpaTuje koja je orpaHuudmna OKmonHu nojac 6popa
CaMO Ha MpOoCTOp M3Had NOBPLUMHE BOAE, LUTO je Ha Kpajy AOBeno 40 MoroTka,
OoHecnocobrbaBawa Bismarck-a n weroBor notanawa. HecpeTHn npojekTaHTt
HMje NpPexnBeo orpaHnyeHy OMpoKpaTujy n MOTOHYO je ca bpogom.

Capa je jacHuje 3aWwToO je amepuykn NpeacedHvk Tpamn TONMMKO JbyT Ha
3eMmrbe EBporncke yHuje 1 3awTo je 6Mo HapounTO HenpujaTaH NpemMa HeMadkoj
kaHuenapkn Mepken. Hemauka jecte Hajboratmja 3emrba y EBponckoj yHuju,
anu je ouurnegHo U Ha unjm padvyH. LUta Om Tek pekao HekagalHsu
rmaBHOKOMaHayjyhu Hemauke MopHapuue agmupan [OeHuu o cTawy cagalihse
MOpHapuue?

Hpazar M. By4dkosuh (Dragan M. Vuékovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: “http://orcid.org/0000-0003-1620-5601
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Hoewu aBuoH: HecyfheHn nosau 6omGapaep 6uswe COPJ?

TokoM oOcamaeceTux roguHa BOjHO pykoBoAcTBo Couujanuctudke
depepatuBHe Penybnuke Jyrocnaeuje (COPJ) 3akrbyumno je ga noctoju
notpeba 3a HOBMM NakvMM NOBLUEM Koju 61 3ameHuno 3actapeny oty nosaua
MiG-21. Y6p30o 3anounwse gomahu npojekat nog Ha3mBoM Ho8U asuoH unjn je
unIb pasBoj gomaher fiakor BMLweHaMeHcKor fioBuabombapaepa.

— C KOMIO3HT

— C xomnosur cahe
B — vran (3,7%)
I — xesnap (1.85%)

— AL-LI v AL (41%)

— YeJuK u ocTanu marepujanu (20,45%)

}(33%)

JyrocrnoBeHcka aepoHayTuMyka uHOycTpuja Huje 6una 6e3 uckyctBa y
pa3Bojy Mna3Hmx 6opbeHnx aBuMoHa C 003MPOM Ha pas3Boj M MNPOU3BOAHY
HEKOJIMKO TMMOBa aBMOHA, Kao LUTO Cy TpeHaxHu aBuoH G-2 Galeb, weroea
HaopyxaHa Bep3uja Jastreb, nakun 6ombapaep J-22 Orao 1M TPEHAXKHO-jypULLIHU
aBuoH G-4 Super Galeb, anu je pa3Boj cynepCcoHMYHOr foBUa nnak buna gpyra
npnya. C Tum y Be3an, COPPJ ce obpaTuna 3axTeBOM 3a TEXHU4YKY Momoh
pasnuMuMTMM CTPaHMM aepoHayTUYKMM KOMMaHujama, ykribydyjyhu umspaencke,
dpaHLycke n BpuTaHcke.

MowrTo je opabpaHa dpaHuycka komnaHuja Dassault Aviation, npojekat
HoOBOr aBMoOHa GUO je Nog BENUKMM yTuLajeM pellera ynoTpebrbeHnx 3a pa3soj
HoBor noBua Rafale, ppaHuycke komnaHuje Dassault Aviation, koju je pa3BujaH
3a notpebe dpaHLyCKor paTHOr Ba3gyXxomnioBCTBa.

HoBwu aBWOH jyrocrnoBeHcke aBujauuje mmao 6u HoBy TexHonorujy fly-by-
wire, koja omoryhyje Behy maHeBapabUNHOCT aepoavHaMUYKM HECTabuITHOM

® The National Interest 9 July 2018

181

Vuckovi¢, D., SAVREMENO NAORUZANIE | VOJNA OPREMA / MODERN WEAPONS AND MILITARY EQUIPMENT, pp.172-183



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2019, Vol. 67, Issue 1

aBWOHY, a KojoM cy 6unu onpemsbeHn amepudkm F-16, cosjeTckn Su-27 wn
dpaHuyckn Mirage 2000. Pagu noTnyHor caBnagasama Te TexHornoruje jeaaH J-
22 Orao 610 je onpeMrbeH NOMEHYTMM CUCTEMOM.

KoHcTpykumja aBnoHa Takohe je ©una Bpno mogepHa. Behu geo kpuna
Tpebano je pa 6Oyme wuspaheH of KOMMO3UTHUX MaTepujana, a KibydHu
CTPYKTYPHM €neMeHTW of TuTaHujyma, Yenuka Wu anyMUMHWjyMCKMX nerypa.
®paHuysm cy oBe martepujane Beh ynotpebrbaBanu y npojekty nosua Rafale,
Tako Aa je y To npeacTaBrbano Benuky ywteay y BpEMEHY U HOBLY.

CnuyHa capagha noctojana je u y nornegy aBMOHCKUMX MHCTPYMeHaTa u
ceH3opa. ABUOHCKM KOMMjyTep BMO je NpojekTOBaH Tako Aa je nunoT morao 6p30
npoMeHnTn noctojehe 3agatke u penporamvpaT HOBY MUCH)y TOKOM neTa.
Haeswuraumja je npegsuhana ynotpeby cucrema INS/GPS, kao n orpaHudeHy
ynotpeby rnacoBHUX KOMaHAW.

MpoTok mogaTtaka Tpebano je ga 6yne no HATO crangapay MIL-STD-
1553, wto 6u omoryhmno jegHocTaBHWja yHanpehewa M KoMnaTtubuIHOCT ca
3anagHuUMm pagapckum ypehajuma.

CucTtem Haopyxaha Ba3ayx-Ba3gyx AMPEKTHO je npey3eT ca noBua Rafale.
MpeaBuheHa je n nHTepHa yrpagkwa aBuoHckor Torna 30 mm komnanuje GIAT.
CxogHo Tome, Haopyxahe noBua 6u ce cacTojano of pakeTa Basgyx-Basgyx
kpaTkor gomeTa Magic Il v pakeTa cpegrer u gyror gometa tuna Super Matra n
MICA. Paketa gyror gometa MICA nmana je akTMBHO pafapcko HaBoheme.

Y nornegy mucuja 3emrba-Basgyx, Hoeu asuoH Tpebano je pa Oyae
ocnocobrbeH 3a Holewe Beher Bpoja pa3nMuMTOr NOABECHOT HaopyXXawa, Kao
WTOo cy BofeHe u HeBoheHe Gombe m pakeTe. BepoBaTHo je ga 6u Guno
omoryheHo Holwewe pakeTe Ba3gyx-3emrba Tuna AGM-65 Maverick, ann n
gomahe Bep3uje Te pakete Grom, Koja je Taga Takohe 6una y pasBojy. Y Tom
nornegy no4venu cy n nperosopm ca ®paHuyckom y Bean ¢ HabaBkom KpcTapehe
pakete MBDA Apache. 3a Hosu asuoH 6Guna je npeasufieHa yrpagha
paHuyckor motopa Snecma M88Y koju 6u My omoryhaeao ga passuje 6p3vHy
0o 1,88 maxa, ook cy 6p3nHe Ha HMBOY Mopa 6une oko 1,1 maxa. (MoHyfheHn cy
ounn n amepudkn motop General Electric F404, Pratt & Whitney PW1120 un
Turbo-Union RB.199)

MpBu net HoBoOr aBuMoHa 6uo je npegsuheH 3a nepwog musmehy 1991. u
1993. roguHe, a yBohewe Yy onepatuBHy ynotpeby oko 1995. roguHe.
Jyrocnasuja je npegsuhana kynosuHy Ao 150, ogHocHo 200 nosaua (Heku
n3BeLUTaju cy HaBogunu Yak u go 250), a noctojane cy Heke npojekunje aa ou
N3BO3 Ha CBETCKOM TpXULWITY gocturao Yak 600 go 700 oBux netenuua.

MpojekaT Hosu asguoH je 3aycTaBrbeH 300r HegocTaTka cpeAcTaBa TOKOM
1991. roguHe, y TPeHYTKY kafa je NpojeKkTHM nocao GMO CKOpO roToB, anu Cy
peTke OTKpuBeHe doTorpadmnje KOKNUTa, Ha Kojuma ce Morao BMOeTU camo
Manu 6poj NOTpebHUX aBMOHCKMX WHCTPYMeEHaTa, unak ykasuBarne Ha TO Aa je
moryhHocT npsor neta 1992. roguHe 6una HepeanHa.

TokoM ocampeceTux rogmHa MHOre 3emrbe Cy 3arnodene passoj CIUYHUX
NnaknMx BULUEHAaMEHCKMX nosaua: u3paencku Lavi (4vju je pasBoj 3ayctasuna
amepuyka BOjHa aepoHayTWyka WHAOycTpwja), MHAMjCKM nakm G6opbGeHu aBMOH
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(LCA — koju HM 0o AaHac Huje y NOTNYHOCTWU pasBUjeH anu je To TUMUYHO 3a
WHAWJCKY BOjHY MHAOYCTpWjy), Kao n weeackn JAS-39 Gripen koju je paHac
poxuseo n E cepujy. OcampgeceTe roguHe o3Hauumne cy M noyetak pasBoja
janaHckor nosua F-2, kao u jyxHo-acppuukor noeua Cava n pyMyHCKOr foBLa
IAR 95. Tux roguHa 3ano4eT je 1 npojekaTt paHLyCKor BULLEHAaMEHCKOr JToBLA
Rafale, unje je TexHonorvje Tpebano ga kopuctn Hoeu asuoH. Kao n pasBoj
TEHKa euxop, Tako je W npojekaT Hogoe asuoHa MOrao WTEKako 3acMmeTtaTtiu
3anagHoj BOjHOj WHAYCTPUjU, HApPOYMTO ako Cy npojekunje y Be3n ¢
noTeHumjanom n3sosa bune tayHe.

Hpaeax M. Byukosuh (Dragan M. VuZkovié),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: “http://orcid.org/0000-0003-1620-5601
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Kapaktepuctuke mogepHux 6opbeHnx natmka

BojHuuka unsma jepaH je og TpaguumoHanHux cumborna BOjHMYKOr Mo3uBa.
Y nutakby je Beoma BaxkaH enieMeHT onpeme Kojy cnyxbeHa nvua, 3anocnexu y
cekTopy npusatHe 6e36e4HOCTU U ApYyrK, KOPUCTE CKOPO CBAKOJHEBHO Y BEOMa
pasnuunTMM ycrnosuMma W, MO MpasBuny, Y Ayxem nepuody. YnpaBo Cy OBe
OKonHocTM posene Ao pactyhe noTpebe ga ce KOHCTpyKuMja MOAEPHUX
TaKTUYKMX Yn3ama, OA4HOCHO BopbeHnx naTvka, 3Ha4YajHo ycaBpLuM U NpUaroam
3axTeBVMa AaHallbNX KOPUCHUKA.

Differentia specifica

Mehy ekcneptuma K eHTy3ujacTMMa Ce BogupacnpaBa He camMoO O
eTMMOrOoruju NnojMa 80jHUYKa 4Yu3Ma, HEro U o Tpaxewy ckyna oapehyjyhux
KapakTepucTvka MOZEPHUX MoAena W  HUXOBOM MPaBWUIHOM  MOjMOBHOM
oppehvBakby. YnpaBo 3aTto je AaHac y ynotpebu Bule TepMuHa, Kao LUTO Cy
BOjHMYKA 4m3ama, bopbeHa Ynama, TakTMdka Ymama, ogHOCHO 6opbeHa/TakTndka
natuka. XpOHOMOLIKN MocMaTtpaHo, u3pasu 6opbeHa unu TakTuyka natvka cy
HOBMWjK, @ BEpPOBAaTHO Cy yBedeHW Yy ynoTtpeby pagn uctuuamwa pasnuka y
KOHCTPYKUMjK Y OOHOCY Ha cTapuje, TpaguumoHanHuje umsme. [logatHo, Tpeba
umatm n y Bugy u jesmdke Bapujepe, nocebHO kaga Cy y nuTawby €Hrmnecke
cuHTarme tactical boot”, unm ,combat boot”, koje je MHoOro npasunHmje npesecTn
y3 ynotpeby peun yusma, a He namuka. [lo obwuyajy, pa3Boj TpxuwTa, a
NMPBEHCTBEHO HOBW 3aXTEBW KOPUCHMKA, Pa3BOj TEXHMKE 1 TEXHOMNOIMje, yTuuanm
CY W Ha KOHCTPYKLMjCKU pasBoOj MOAEPHUX TakTUYKuX, nnu 6opbeHnx nartuka,
Koje cy paHac Beoma rnonynapHe Mefly onepatepyma enuTHUX BOJHUX U
NOnULUMjCKUX jeAMHNLA 3a crneumjanHe HaMmeHe.

Ca nnaHuHe y kacapHe

MogepHn mogenu TakTUYKMX Ym3ama, ogHOCHO 6opbeHnx natuka, y cTBapu
npeacrtaereajy agantauunjy obyhe 3a nnaHvHapewe wu gpyre ,outdoor”
aKTMBHOCTM, NPBEHCTBEHO YyCre[ penaTtnBHO Marne mace ose kateropuje obyhe,
oanuyHe crtabunmsauvje M NOTNoOpe 4naHaka, PobyCTHOCTM W, HapasHO,
yAOBHOCTU NPU NPOSIOHTMPaAHOM HOLLEHSY.

Pobyjyhn pemarormju ga jegaH mogen ymame Moxe ga ce ynotpebrbasa
YHUBEpP3anHo, oBaj Aeo TpXuwTa je gyro crariupao. OCHOBHU 3axTeB UCTULAH
npounssofaunma OHOCKO Ce Ha LUTO M3paxkeHujy pobycTHOCT mogerna, a OBu Cy
ogroBapanu  yrnaBHOM rabapuTHUM, MacWMBHUM, KOXHWM, jeaHOBOjHMM
Mogenuma, ca Wu3y3eTHO KpyTUM, BWCOKMM M TBpAMM HoHoBuma. Cpehowm,
noctano je jacHo (anmu jow yBeKk He K onwTtenpuxeaheHo) Aa, Kao LWTO He
MocToju TakTMdka yHudopma Koja OM oproBapana CBMM OKPYXesUMa, HUTU
yHMBEp3anaH nywyaHu cuctem Koju 6y ogrosapao CBUM TakTWYKMM 3ajauuma,
Tako He MOCTOju HM yHMBep3anHa GopbeHa WM TakTMyka 4M3Ma Koja MoXe
nogjegHako [obpo Ada 3a40BOMbM  OYeKMBawba Yy pPasfiUuMTUM  TEPEHCKO-
KNMMaTCK1M yCcrioBMma.
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Hanywrtawem TpaguumoHanHe ofbojHOCTM Mpema HoBUTETUMA U
HepauuoHanHux notpeba 3a jegHoobpasHowhy W Apyrux KpyTUX npasBuna,
pyKOBOOMOLM 1 onepaTepu y BOjHUM U MONUUMICKMM jeduHuLama noyunky ga
kopucte ,outdoor” obyhy npunukom obaBrbara crnyxbeHnx 3agartaka, Nnocrnosa
n paghu. HacynpoT rabaputHMM, MacMBHUM U KPYTUM Yn3amama oBe ,outdoor”
ayboke n nnuTke naTvke 3HaTHO Cy MpujaTHUje 3a Howene, WTO ce NocebHo
npumMenyje npu Ay>XMM akTUBHOCTMMA Koje Ce 4eCcTo M3BoAe W nog SoAaTHUM
TeXuMHCKMM ontepehewsem. Bogehu cBeTckm npousBohaum cy Bpno 6p30
npenos3Hanu oBy HOBWHY Yy MOHaLLaky HMXOBUX MOTEHUMjarHMX KOpUCHKKa, na
TPXULWTE, KOje je OO0 HedaBHO OMMno NpUNNYHO MOHOTOHO, AOXMBIbaBa BEMUKY
NMPOMEHY U MoYnkbe Aa ce pa3Buja y HOBOM MpasLy.

Kapakmepucmuke

Xopare Kao cnocobHOCT U BOSbHa aKTUBHOCT je BeOMa 3HayajHa 3a cBakor
YyoBeka, NMpu Yemy CTonarno, ca BuLIe Of CTO pasnnunMTux muwuha, 26 KocTujy u
33 3rnoba, uma BaxkHy ynory.. To Cy caMO HeKe of, OUurnegHUX YikeHuua Koje
TayTOMOLLKM MOKa3yjy 3alTo cy cronana, anvM W HUXOBO 34paBrbe, BeoMma
BaXKHW 3a aKTMBHOI WM 3OpaBOr 4YoBeka. 34paBrbe cTonana y BENWKoj Mepu
3aBuCcKM M of kesanuteta obyhe Kojy CBakOOHEBHO HOCMMO, LWITO je nocebHo
BaXXHO 3a OHe nojeduHUe Koju CBakogHEBHO 0O6aBrbajy (uanukm Beoma
3axTeBHe, Na 1 CTpecHe NOoKpeTe, Ha pasnMuMTOM (M HYEeCTO TELLUKOM) TEPEHY U y
PasnNUUNTMM KIMMaTCKUM YCIOBUMA.

Onepamep us cacmasa ,Kobpu” Hocu moden ,LOWA Zephyr GTX Mid TF”. ®omo:
Munow Jeemuh

' Cmatpa ce fja cy Taky 06yhy NpBU KOPUCTUI aMEPUYKIA BOjHI CrieLjanLiy.
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JacHo je ga Huje cBaka 4m3ma, OOHOCHO naTuka, 6bopbeHa Mnu TakTudka.
Kao HajynevaTremBujy kapaktepuctuky Tpeba wuctahm pa cy TakTudke
ynsme/naTvke OHe Koje Cy MpUMapHO HaMmekeHe oneparepyMma BOjHUX U
nonvumjckmx jeanHuua“. OBa obyha je KoHCTpymcaHa Tako da Hocuouy omoryhu
YAOBHOCT M 3aWwTuTy Npun obasrbary BeoOMa CTPECHUX PU3NYKUX aKTUBHOCTU Y
pasnNnuNTMM OKpYXXehWMa, Kao LWTOo cy Boda, bnaTo, necak, kamewe, 6ETOH,
anu n y pasnuuuTUM KINMMaTCKUM YCroBUMA, MOMYT EKCTPEMHO HUCKUX U
BMCOKMX TeMnepaTtypa, BenvKke BNaxHOCTW Ba3ayxa 1 CIINYHO.

WNako je HaMBHO roBOpUTWN O YHUBEP3aNIHOM MOJENY, KBanuTeTHa TaKTU4Ka
umMsmMa wunu natuka wunak Tpeba pa objeguHM BUWE KapakTepucTuka.
MakcrmanHa ywrteaa Ha macu obyhe HeobuYHO je BaxkHa 1 fonasun Ao u3paxaja
npu obaBrbawby MPOMOHIMPaHUX U3NYKMX akTMBHOCTWU. [locneawe LWTO
onepatep y TOM Cryyajy XXenu jecte yTucak a je Ha ctonana 3akaymo Terose.
MpuxBaTtrbmBa, MpaBuUTHO pacnopefeHa maca obyhe npuja u 3rmoboBrvmMa u
Muwmrhuma ctonana u Hory, anuM 1 oHuX y nymbanHoM Jdeny rbyAckor Tena.
Takohe, NoO3UTMBHO ce oApaxasa WM Ha Op3vHy M rMNKOCT BOSbHOr nokpeta. C
ob3vpom Ha TO ga onepartepu oOyhy, nNo npaBwuiy, HOCE Yy BULLEYACOBHOM
nepuvopy, 6e3 nayse, onTMManHO BeHTWNMpawe CcTonana W 3awTuTa of
KMMMaTCKUX ycnosa M3y3eTHO Cy 3HavajHu. Tome Mmory AonpuHeTn nocebHo
OCMULUIBEHN CUCTEMMU Y KOHCTPYKUMjU o6yhe3, Kao u martepujanu’ Koju ce
Kopucte y wuspagn. MHorum npoussohaum paHac ynotpebrbaBajy Gore- Tex
(GTX), cuHTETUYKM MaTepujan ca MHOWTBOM MWKPOOTBOpa, W3y3eTHe
BOAOOTMOPHOCTMU.

MpupoaoHa koxa je U Jarbe BeoMma 3acTynibeH maTepujan Koju, nopes
octanor, ysehaBa 1 Macy U Kpajhby LeHy Npon3BOAa Ha TPXKMULLTY, LITO je jeaaH
on pasmnora ynotpebe CUMHTETMYKMX MaTepuwjana y wuspagn. CUHTETUYKM
marepwvjanu, Kao Ha npvMep, NoNMecTep, HajNoH 1M Ap. MO NpaBuny Cy Nakww,
Opxe ce cywe, obapajy Kpajitby LeHy, anv ce Mo nuTaky TPajHOCTU He Mory
MepuTn ca KoxoM. PhoHOoBM Tpeba pa Oyay noysgaHu, nekcubunHum,
penatMBHO naraHuW, ga omoryhaBajy CUrypHo u Tuxo kpeTawe. Kaga cy y
nuTakwy TakTU4YKe 4Yn3Me Unu natuke, NOHOBM ce 4ecTo wu3pahyjy og rymeHumx
mMaTepujana, a kapboHcka ojadarba ceymehy pagu gopatHor yysplhuBamwa.
MHoru npoussohaum ogny4yjy ce 3a vibram hoHoBe koju ce Aobpo noHawajy Ha
KNM3aBoj MOBPLUWHW, NaraHu cy 1 TpajHu.

% Nucra KOPUCHMKA je Yy Nnpakcu, HapaBHO, 3HaTHO Ayxa, obyxsaTtajyhu n nuua ns cektopa
npusatHe 6e36e4HOCTU, Pa3NMUMTMX Cracunadknx cnyxowu, eHTyaunjacte U3 UMBUNCTBA U
apyre.

Ha npumep, peHomupaHu amepuyku npomssohad LALO” je cepujy ,Shadow Amphibian”
pa3Buo 3a notpebe jeamHuua 3a cneuujanHe onepauuvje, y capagwu ca ,SEAL”
onepaTepuma. Cepujy, nopeg ocTarnor, kapakTepuLle 1 NacMBHW CUCTEM JpeHaxe BoAe,
OCMULLIFbEH Tako Aa onakiwia NpoToK BOAE Y U 13 YM3Me M NaTuke, WTO je BeoMa 3Ha4ajHo
NPUITMKOM KpeTaka y BOAM U NnuBaksa.

Opabup maTepwjana, HapaBHO, yTM4e W Ha YKyMHYy Macy, TpajHOCT, poBYCTHOCT,
BOOOOTMNOPHOCT U Apyre KapakTepucTyKe.
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He mare BaxaH 3axTeB Koju kBanuteTHa obyhe oBe BpcTe Tpeba aa
UCNyHM je noysaaHa cTabunmsaumja u NoTnopa YnaHaka.

Jemarb ca npuka3a onepamusHux kanayumema ,Kobpu”, y okeupy eexbe ,Bek
nobedHuka 1918-2018". ®omo: Munow Jeemuh

Crabunusaumja 6uno kor 3rnoba npu u3Bohery HEKOr BOSbHOj MOKpeTa
3HaTHO yMamwyje MoryhHOCT noBpefuBaka, a WUCTOBPEMEHO jada u
camonoysfawe nojeauHua y wu3Bohewy MoKpeTa. YKOMMKO YnaHuM HUcy
objekTMBHO 3awTuheHn, onepaTtepu Cy, JNOMMYHO, W3MNOXEHW HE3rogHUM
nospegama. [opaTHo, Ha CybjeKTMBHOM nnaHy, YKOMMKO onepaTtep Hema
noBepewa y CBOjy OMNpemMy, HW teroBe nepdopmaHce Hehe 6yt Ha
MaKCUMyMY, LLITO CBaKako HWje NOXEeSbHO CTahe.

Hoee 6opbeHe namuke 3a cnyxb6eHa nuya y Penybnuuyu Cpbuju

Y 2018. roguHn MuHMcTapcTBO yHyTpamwLLnx nocnosa Penybnvke Cpbuje
peanu3oBaro je Hekonnko Habaeku, nopen octanux n 6opbeHnx natmka ,L OWA
Zephyr GTX Mid TF”, ca pynno 6pusraium ,LOWA Cross” hoHoBuma, Yy
anctpubyumjn  compme ,Xopyc A.0.0°. Pey je 0 Beoma KBanuTeTHUM,
BULUEHAMEHCKVM, BOZOOTMOPHAM MOJENnUMa® aTpaKTUBHOT [u3ajHa, Koju cy
NpMMapHO HaMmerweHW 3a cpedheTellke TepeHe, a 3a noTpebe jeguHuua
MUHUCTapcTBa HabaBrbEHU Cy Yy LPHOj 6oju.

® Maca jegHor napa y BenuunHmn 42 nsHocun 1120 rpama.
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Moden ,LOWA Zephyr GTX Mid TF” npunadHuka CIl1J XKaHdapmepuje. ®omo: Munow
Jesmuh

Y okBupy MuHucTtapcTBa ogbpaHe BojHa nvua M3 cactaBa batarboHa BojHe
nonuuuje cneuujanHe HameHe ,Kobpe” Bojcke Cpbuje oyxe uctu mogern, anu y
,sage” boju, Tj. cBeTnNMjoj HMjaHcu 3eneHe Goje. Tpeba HarmacuTu ga cy oBe
HabaBke [Oeo jegHor Oobpor TpeHda, KOju KOO Hac, HaxamnocT, KacHW, anu
CBaKako MMa noTeHuujana.

Munow M. Jestuh (Milo§ M. Jevti¢), ypeaHuk cajta specijalne-jedinice.com,
e-mail: info@specijalne-jedinice.com,
ORCID iD: @http://orcid.org/0000-0002-1305-7618
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No3nB U YITYTCTBO AYTOPUMA
NPUMALLEHWE N MHCTPYKUNA OJTA ABTOPOB PABOT
CALL FOR PAPERS AND INSTRUCTIONS FOR AUTHORS

Nno3nB U YNMYTCTBO AYTOPUMA O HAYUHY NMPUMNPEME YITAHKA

YnyTcTBO ayTopyMmMa O HauuHy npunpeme 4naHka 3a objaBrbuBake Yy
BojHomexHu4kom enacHuky ypafeHo je Ha ocHoBy AkTa O ypehuBamwy HayyHUX
yaconuca, MwuHucTapcTBa 3a Hayky MW TexHomnowku pa3soj Penybnuke Cpbuje,
eBuaeHumMoHn 6poj 110-00-17/2009-01, og 09. 07. 2009. roguHe. MpumeHa oBor AkTa
NPBEHCTBEHO CIyXu yHanpehewy kBanuteta gomahux yaconmca u UXOBOr NOTNyHUjer
YKIbyuMBamwa y MefyHapoaHU cCUCTEM pa3MeHe Hay4dHUX MHdopMaLuja. 3acHoBaHO je Ha
meRyHapogHum ctangapauma 1SO 4, 1ISO 8, 1ISO 18, ISO 215, ISO 214, ISO 18, ISO 690,
1ISO 690-2, ISO 999 n ISO 5122, ogHocHo oarosapajyhvm gomahum ctaHgapanma.

BojHoTtexHu4yku rnacHuk / Vojnotehnicki glasnik / Military Technical Courier
(BTr.M0.ynp.cp6, www.vtg.mod.gov.rs, ISSN 0042-8469 — wtamnaHo nsgawe, e-ISSN
2217-4753 — online, UDC 623+355/359) jecte MynTMAMCLUUMNIMHAPHU HAy4YHW 4aconumc
MuHuctapcTBa onbpaHe Penybnvke Cpbuje, koju 06jaBrbyje HayvyHe U CTPy4YHe YnaHke,
Kao M TexHW4Ke MHpopMaumje O caBpeMEeHUM CUCTEMMMA HaopyXaka U CaBpeMeHUM
BOjHMM TexHornornjama. Yaconvc npatu jeAnHCTBEHY UHTEPBMOOBCKY TEXHWUYKY MOAPLUKY
Bojcke Ha npuHUMNY NOMMCTUYKE CUCTEMCKE NoApLUke, 0b6nacTu OCHOBHUX, MPUMEHEHUX
M pasBOjHUX UCTpaxuBaka, Kao M MPOM3BOAHY U ynoTpeby cpedcTtaBa Haopyxara U
BOjHe onpeme, Te ocTana Teopujcka W MpakTMyHa pJdocTurHyha koja AgonpuHoce
ycaBpluaBary CBUX MPUNagHWKa Ccprcke, pervoHanHe v mefyHapogHe akagemcke
3ajegHuue, a nocebHo npunagHuka MuHnctapcTea ogopaHe n Bojcke Cpbuije.

MuvHUCTapcTBO NpOCBETE, Hayke W TexHonowkor passoja Penybnuke Cpbuje,
carnacHo oanyuu m3 unada 27. ctaB 1. Tadka 4), a no npubaBrbLEHOM MULLIbLEHY U3
ynaHa 25. ctaB 1. Tauka 5) 3akoHa 0 HayyHouCTpaxmBaykoj aenatHocTu (,Cryxb6eHu
rmaciuk PC”, 6p. 110/05, 50/06-ucnp. u 18/10), yTBpAMNO je kaTeropusauumjy
BojHoTexHu4kor rnacHuka, 3a 2018. roguHy:

3a 06nacT TeXHOMOLLKM pa3Bo;j:

— Ha NMCTK Yaconuca 3a MaTtepujane u xemumjcke TexHomnoruje:

kaTeropuja Bogehu Hay4HM Yaconuc HaumoHanHor 3Ha4vaja (M51),

— Ha NUCTM Yaconuca 3a MalNHCTBO:

KaTeropuvja Hay4YHu 4aconuc HaumoHanHor 3Ha4vaja (M52),

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

kaTeropuja Hay4Hu yaconuc (M53),

3a 0bnact oCHOBHa UCTpaxuBaka:

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

kaTeropuja Hay4Hu yaconuc (M53).

YcBojeHe nucte gomahux yaconuca 3a 2018. roguMHy mory ce BMAETW Ha cajTy
BojHoTexHuukor rmacHuka, cTpaHuua Kameeopusayuja udaconuca (MwuHucTapcTBo

npocBeTe, Hayke M TexHornowkor pa3soja Penybnuke Cpbuje jow yBek Huje objaBuno
3BaHWYHy kaTeropusauujy Hay4Hux Yaconuca 3a 2019. roguHy).

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

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

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

Yaconuc ce npatu y koHTekcTy Cpnckor umtatHor nHaoekca — CUWHpekc (6asa
nogartaka gomahmx HayvyHuX yaconmca) u Pyckor nHagekca HaydHor uutmpawa (PUHL).
MopBprHyT je cTanHOM BpegHOBakwy (MOHWTOPWHIY) Y 3aBUCHOCTM O YTULAJHOCTK
(vmnakta) y camum 6asama u, nocpepHo, y mehyHapogHum (Clarivate Analytics)
uuTaTHAM  MHOekcuma. [leTarbM O UWHAEKcUpawy Mory ce BuaeTu Ha  cajTy
BojHoTexHW4YKOr rnacHvka, cTpaHuua MHoekcupare Jacornuca.

BojHoTexHuMukn rmacHuk omoryhaea wu  npumenyje Creative Commons

(CC BY) ogpenbe o aytopckum npasuma. [etarbM O ayTOpCKMM MpasBuma Mory ce
BMAETM Ha cajTy yaconuca, cTpaHuua Aymopcka npaea u nonumuka camoapxusuparsa.

PapoBn ce npepajy nytem OHMajH cucteMa 3a €neKTPOHCKO YypehuBawe
ACUCTEHT, koju je pa3suo LieHTap 3a eBanyauujy y obpasoBamy u Hayum (LLEOH).

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

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

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

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

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

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

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

Hacnos

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

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

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

Ume ayTopa

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

Has3uB ycTaHoBe aytopa (achmnujaumja)

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

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

KaTteropuja (Tun) unaHka

KaTeropusauuja unaHaka obaBe3a je ypegHuwTBa M of nocebHe je BaXHOCTMW.
Kateropwujy unaHka mory npegnaratm pPeLeH3eHTU W YNaHOBU YypeaHWUWTBa, OOHOCHO
ypeoHvuum pybpuka, anum OOroBOPHOCT 3a KaTeropusauujy CHOCU UCKIbYYMBO [MaBHU
ypenHuK.

UnaHuu y yaconucuma ce pasBpcTaBajy y cnegehe kareropuje:

HayuyHn unaHum:

1. opurMHanaH Hay4Hu uYnaHak (pag y KojeM ce U3HOCe NPeTXoaHO HeobjaBrbMBaHN
pe3ynTatu CONCTBEHUX UCTPaXXMBarka HAay4YHUM METOO0M);

2. npernegHu YnaHak (paj Koju cagpXu opurMHanaH, netarbaH U KpUTUYKK NpuKas
UCTpaxuBaykor npobrema wnu nogpyyja y Kojem je ayTtop ocTBapuo oppeheHu
OONpYHOC, BUAMLMB Ha OCHOBY ayTouuTara);

3. KpaTKo MM MPETXOOHO CaomnWTeHe (OPUrMHANHKM HayyYHu pag nyHor cdopmara,
anv Maker obuma unm NpenIMMUHapPHOr KapakTepa);

4. HayyHa KpWUTMKa, OJHOCHO Moremuka (pacnpaBa Ha ogpeheHy HayyHy Temy,
3aCHOBaHa UCKIbYYMBO Ha HAy4yHO] apryMeHTaumju) u oceBpTu.

M3y3eTHO, y Hekum obractMa, Hay4yHuW paf Yy 4aconucy Moxe umatu obnuk
MOHorpadcke CTyauje, Kao W KPUTMYKOr u3gawa HaydHe rpahe (MCTopujcKo-apXUBCKE,
nekcukorpadcke, Gubnuorpadcke, npernega nogaTtaka M cn.) — AoTag HenosHate wunu
He[0BOIbHO NPUCTYNAaYHe 3a Hay4YHa UCTpaXMBaksa.

PapoBu knacudvkoBaHm kao Hay4yHn Mopajy nmatu 6ap aBe No3MTUBHE peLieH3unje.

Ako ce y yaconucy objaBrbyjy U Npunosn BaHHay4YHOr KapakTepa, Hay4YHW YnaHLum
Tpeba foa 6yay rpynucaHmy 1 jacHo U3L4BOjEHN y NPBOM Jeny CBECKE.
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CTpyyHM ynaHuym:
1. CTPYYHM 4naHak (Npuror y Kojem ce Hyde MCKycTBa KOpMCHa 3a yHanpehene
npodecroHarnHe npakce, anu Koja HUCY HY>XHO 3aCHOBaHa Ha Hay4YHOM METOAY);

2. uHcbopmaTMBHU Npurior (YBOAHWK, KOMEHTap 1 cn.);
3. npukas (KwUre, padyHapcKkor nporpama, criyyaja, HayyHor gorahaja, v cn.).

Je3suk paga
Jesunk paga Moxe GUTU CPMCKK, PYCKU UMW EHFNECKM.

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

CaxeTak (ancTpakT) U pesunme

CaxeTak (ancTpakT) jecTe KpaTak vHopmaTMBaH Npukas cagpxaja YnaHka Koju
yuTaouy omoryhaBa ga 6p30 M TayHO OLEHW H-ErOBY PerneBaHTHOCT. Y UHTepecy je
ypedHuwTaBa M aytopa Aa CaXeTak CagpXu TepMUHe KOoju ce 4YecTo KopucTe 3a
MHOeKcupare 1 npetpary ynaHaka. CacTaBHM OenoBU CaXeTka Cy LMIb UCTpaxuBama,
mMeToau, pe3ynTtatu u 3akrbydak. Caxetak Tpeba ga nma og 100 go 250 peum n Tpeba ga
ce Hanasu u3amely 3arnaerba (HacrnoB, MMeHa ayTopa W [p.) U KIbyYHWX pPeyun, HaKoH
KOjUX crieam TEKCT YnaHka. AKO je paj HanmcaH Ha CPrCKOM WM PYCKOM je3UKy, MOXerbHO
je Aa ce, nopepd caxeTka Ha CPrCKOM M PYCKOM, Aaje 1 CaeTak y npoLmMpeHoM obnuky
Ha EeHrMeckoM je3unky — kao T3B. pe3ume (summary). OBakaB pe3ume Tpeba noa Oyne Ha
Kpajy 4naHka, HakoH ogereka Jlutepatypa. BaxHo je ga pesume 6yae y CTpyKTypvpaHoM
06nuKy, a heroBa gyxuHa moxe 6utn go 1/10 gyxvHe ynaHka (ONWMPHUK je Of caxeTka
ca noyeTka unaHka). lNoyeTtak oBOr peammea Moxe 6UTU NpeBedeHN caxeTak (ca noveTka
ynaHka), a 3aTum Tpeba Aa crnepe npeBedeHW rMaBHWM HACNoOBW, NMOAHACIOBU U OCHOBE
3aKkrbyyka unaHka (nutepartypa ce He npesogm). MoTpebHo je Aa ce y CTPYKTypuMpaHOM
pesumey npesBede M 4e0 TeKCTa UCnof Hacrnosa u nogHacnosa, Bofehu padvyHa ga oH
6yae nponopuuoHanaH HBUX0BOj BEMMYMHK, @ Aa ogpaxasa CyLITUHY. HakoH peavmea Ha
€HINeckoM je3nKy (NpoLuMpeHor caxeTka) AoAaje ce HeroB NpeBod Ha CpnckoMm, Aa bu
peAakuuja nsspLUnna NpoBepy 1 NeKkTypy.

KrbyuHe peun

KrbyyHe peun cy TepMuHUM vnn ppase Koje agekBaTHO MNpeacTaBibajy cagpxaj
ynaHka 3a notpebe uHaekcpara 1 npeTpaxusBara. Tpeba nx gogersusaTn ocnawajyhn
ce Ha Heku MehyHapoaHu M3BOp (MOMUC, PEYHMK UMM Tesaypyc) Koju je Hajwumpe
npuxsaheH unu yHyTap farte HaydyHe obracTu. 3a Hnp. Hayky yonwTe, TO je nucta
krby4Hux peun Web of Science. Bpoj kibyuHux peun He moxe 6wt Behu og 10, a y
MHTEpEeCY je ypeOHULITBA M ayTopa [a y4ecTarnocT hwuxoBe ynoTpebe Oyae wTo Beha.
KrbyyHe peuun Aajy ce Ha je3uKy Ha KOjeM je HanmcaH uynaHak (CakeTak) M Ha eHrneckom
jesuky. Y unaHky ce nuily HenmocpeaHO HaKoH caXkeTka, OAHOCHO HaKoH peanmea.

Cnctem ACUCTEHT y Ty cBpxy kopuctu cneuujanHy anatky KWASS: aytomartcko
eKCTpaxoBake KIbYYHUX peyn M3 AUCUMNIMHapHUX Tesaypyca/peyHvka no usbopy u
pyTuHe 3a HUXOB opabup, Tj. nNpuxsBaTawe OOHOCHO oabauvBake Of CTpaHe ayTopa
n/vunn ypeaHuka.

ﬂaTyM npuxeaTtamba YnaHkKa

[JaTtym kafa je ypeOHWLWTBO NpUMKIIO YnaHak, faTyMm Kaja je ypeOHWLITBO KOHa4Ho
NpUXBaTWMO uYnaHak 3a objaBrbMBame, kKao U AaTymu kaja cy y MehyBpemeHy
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[AOCTaBIbeHe eBeHTyarnHe ucnpaske pykonuca HaBofe ce XPOHOMOLLKUM pefocneaoMm, Ha
cTarHoM MecTy, Mo NpaBuIy Ha Kpajy YnaHka.

3axBanHuua

Hasue n 6poj npojekTta, 04HOCHO Ha3MB Nporpama y OKBMPY KOjer je YnaHak HacTao,
Kao U Ha3WB WHCTMTyUMWje Koja je dmHaHcupana npojekat unu nporpam, HaBOAu ce y
noce6HOj HAaNOMEHW Ha CTanHOM MeCTY, Mo NpaBuny Npu gHY NpBe CTpaHe YnaHka.

MpeTxoaHe Bep3uje paga

AKO je unaHak y MpeTxofHoj Bep3uju GMo U3NOXEH Ha CKyny y BuAy YCMEHOT
caonwTewa (No4 MCTUM MMM CAMYHUMM HacroBoOM), nopatak o Tome Tpeba pga Gyae
HaBedeH y nocebHoj HanmomeHun, NO NpaBuny Npu OHy NpBe cTpaHe YnaHka. Pag koju je
Beh objaBrbeH y HEKOM 4aconucy He Moxe ce 06jaBuTu y BOjHOTEXHMYKOM TMACHUKY
(MpewTamnatu), HA NOA CIMYHUM HaCITOBOM U U3MEHEHOM OBIUKY.

TaGenapHu u rpachuykm npukKasm

MoxersHo je Aa Hacnoswu CBUX Npukasa, a no MoryhcTBy M TeKCTyanHW cagpxaj,
6yay AaTv ABOje3NYHO, Ha je3nKy pafa U Ha EHITEeCKOM je3unKy.

Tabene ce nuLy Ha NUCTU HAYMH Kao M TEKCT, a O3Ha4yaBajy ce pedHum GpojeBuma
ca ropmwe cTpaHe. PoTtorpaduje n LpTexmn Tpeba ga byay jacHu, npernegHy 1 NOrogHM 3a
penpoaykuujy. Llptexxe Tpeba pagutu y nporpamy word unu corel. ®otorpadmje u
upTexe Tpeba NOCTaBUTU Ha KErbEHO MECTO Y TEKCTY.

3a cnvke n rpadunkoHe He CMe Ce KOpPUCTUTM CHUMaK ca eKkpaHa padyHapa
nporpamMa 3a npuKynrbare nogaraka. ¥ camom TeKCTY YnaHKka npenopydyje ce ynotpeba
cnuka u rpadmkoHa HenocpeaHoO U3 nporpama 3a aHanuay nogaTaka (kao wTo cy Excel,
Matlab, Origin, SigmaPlot n gpyru).

HaBoRhewe (untnpame) y Tekcty

HaunH nosvBaka Ha M3BOpe Y OKBUPY YraHka mopa 6utun jegHoobpasaH.

BojHOoTexHMYKM rnacHuK 3a pedepeHumpare (LMTupame u HaBohewe nutepartype)
npumeryje XapBapAcku cuctem pedepeHumn, 0AHOCHO XapBapACKM MPUPYYHUK 3a CTUM
(Harvard Referencing System, Harvard Style Manual). ¥ camom TekcTy, y 0OMYHUM
3arpagama, Ha MecTy Ha KOjeM Ce BpLUM MOo3uBame, OOQHOCHO UMTMpame nutepartype
HabpojaHe Ha kpajy YnaHka, o6aBe3Ho y 0bMYHOj 3arpagu HanucaTy Npesvme LmMTupaHor
ayTopa, roguHy nsgama nybnukaumje M3 koje uuTuparte u, eBeHTyanHo, 6poj cTpaHuua.
Hnp. (Petrovi¢, 2012, pp.10-12).

[leTarbHO ynyTCTBO O HauMHy LMTMpara, ca NpMMepuma, AaTo je Ha CTpaHuum
cajta Ynymcmeo 3a Xapeapdcku npupyd4HUK 3a cmus. MNoTpebHo je aa ce nosmBake Ha
nuTepaTypy y TEKCTY ypaau y ckrnagy ca MOMEeHYTUM ynyTCTBOM.

Cuctem ACUCTEHT y cBpxy KoHTpone HaBohewa (uuTupara) y TeKCTY KOpUCTU
cneuunjanHy anatky CiteMatcher: oTkpuBarwe U30CTaBIbEHMX UMTaTa y TEKCTy paja u 'y
nonucy pedepeHuum.

HanomeHe (¢pycHoTe)

HanomeHe ce gajy npu AHy cTpaHe Ha Kojoj Ce Hanasu TeKCT Ha Koju ce oAHOcCe.
Mory cagpxatn Mamwe BaxHe AeTarbe, JOMNyHCKa objalkbera, HasHake 0 kopuwheHum
n3BopmMa (Ha npumep, Hay4Hoj rpafu, NpupyyYHMUMMa), ann He Mory GuTtu 3ameHa 3a
LUMTUpaHy nuteparypy.
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IucTa pecepeHumn (nutepartypa)

LintupaHa nutepatypa obyxeaTta, no npasuny, Gubnuorpadcke m3sope (4naHke,
MoOHorpadmje 1 cn.) U aaje ce UCKIbYYMBO Yy 3aceOHOM oferbKy unaHka, y Buay nmicre
pedepeHun. PedepeHue ce He npeBofe Ha je3nk paga v Habpajajy ce y nocebHom
oferbKy Ha Kpajy YnaHka.

BojHOTEXHMYKM rMAcHUK, KAao Ha4yMH McCnuca nuTepaType, NpuMerbyje XapBapacku
cucteM pecdbepeHun, OOHOCHO XapBapAcku npupydHuk 3a ctun (Harvard Referencing
System, Harvard Style Manual).

Jlntepatypa ce obaBe3HO nuile Ha NaTMHWMYHOM NUCMY M Habpaja no abeueaHom
pepocneny, Hasoaehu Hajnpe npesumeHa aytopa, 6e3 Hymepauyje.

[eTarbHO ynyTCTBO O HauMHy nonuca pedepeHuM, ca npuMepuma, AaTto je Ha
CcTpaHuuu cajta Ynymcmeo 3a XapeapOcku npupyyHuUk 3a cmus. MoTpebHo je pa ce
nonuc nuTepaTtype Ha Kpajy YnaHka ypaau y cknagy ca noMeHyTUM yryTCTBOM.

HectaHgapaHo, HEeMoOTNyHO NN He[oCnedHO HaBofewe nuTepaType y cucrtemmnmMa
BpedHOBaka 4aconuca cmatpa ce [OBOSbHWM pasfioroM 3a ocnopaBake HayvHor
cTaTtyca Yaconuca.

Cnctem ACUCTEHT y cBpxy KOHTpOmne npaBWiHOr mMcnuca nucte pedepeHum
Kopuctu cneumjanHy anaTtky RefFormatter: koHTpona obnukoBara pedepeHun y cknagy
ca XapBapACKUM NPUPYYHMKOM 3a CTUI.

MponpaTtHo nucmo (camo 3a aytope u3 Peny6nuke Cpbuje u no noceGHom
3axTeBy ypeaHuka)

Mopen ynaHka gocTaerba ce nNponpaTHO NMCMO Yy KojeM Tpeba nctahu o Kojoj BpcTr
ynaHka ce pagwm, Koju cy rpadudku npunosu (dotorpaduje n LpTexun) opuruHanium, a
KOju NO3ajMIbeHMN.

Y nponpaTHOM MMCMY HaBoAe Ce M Nofaum ayTopa: UMe, CPeAre CroBo, Npesnme,
YuH, 3Bakbe, e-mawn, agpeca nocnogasua (BI1), kyhHa appeca, TenedoH Ha pagHoM
MecTy 1 kyhHU (MOGunHW) TenedoH, pavyH 1 HasuB GaHke, CO mecTa cTaHoBawa, 6poj
nunyHe kapte u JMbB rpafaHa.

CBM pafoBu NoAnexXy CTPYUHOj peLieH3uju.

Cnucak peueH3eHaTa BoOjHOTEXHMYKOr rmacHuka MOXe Ce BUOETW Ha CTpaHuum
cajta Cnucak peuyeHseHama. [lpouec peueHsupawa objalrkeH je Ha CTpaHuuu
cajta PeuyeH3eHmMcKuU rnocmyriak.

Apnpeca pegakuuje:

BojHOTEXHMYKM rNacHNK

eHepana MNasna Jypuwwuha LWtypma 1

11040 Beorpag,

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
"NaBHM 1 OArOBOPHU YPEeaHMUK
Mp Hebojwa MNahelua, aunn. nHx.
nebojsa.gacesa@mod.gov.rs,

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

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

BoeHHo-TexHuuyeckunn BecTHUK (Vojnotehnicki glasnik / Military Technical
Courier), BTr.mo.ynp.cp6, www.vtg.mod.gov.rs/index-ru.html, ISSN 0042-8469 -
neyatHoe wusgaHue, e-ISSN 2217-4753 — online, UDK 623+355/359, saBnsetcsa
MyNbTUANCUMNIVHAPHBIM Hay4YHbIM >KypHanom MuHucTepcTBa 06opoHbl PecnyGnuku
Cepbus, koTopbIi nNyGnukyeT HaydHble U npodpeccmoHanbHble CcTaTbu, a Takke
TEXHUYECKYI0 MHAOPMaLMIO O COBPEMEHHBbIX CUCTEMAax BOOPYXEHUS N COBPEMEHHbIX
BOEHHbIX TexHonormsx. MypHan crneguT 3a eauHOW  MEXBWMOOBON  TEeXHWUYECKOW
noaaepXKon BOOPYXKEHHbBIX CWI, OCHOBaAHHOW Ha MPUHLMNAX CUCTEMHOW NOMMCTUKK, 3a
NPUKNagHeiMM 1N MHHOBAUMOHHBIMW HayYHbIMW UCCNEeAoBaHUsSMKW, B TOM 4ucre, B
obnacTv Npon3BoACTBa BOOPYXEHWS U BOEHHOW TEXHWUKW, U 3@ NPOYUMU TEOPETUHECKUMU
N NPaKTUYECKMMWN OOCTUXEHUSIMU, KOTOPble CMOCOGCTBYIOT npodheccroHansHOMy pocTy
npeacraButenen cepbcKoro, pernoHanbHOro M MeXAyHapoAHOro  akagemMunyecKkoro
coobuecTtBa, n ocobeHHO BoeHHocnyxawmx MunuctepctBa O60poHbI 1 BOOPYKEHHbIX
cun Pecny6nuvkm Cepbus.

MuHncTepcTBO 00pa3oBaHMsi, HaykM W TexXHOmornveckoro passutus Pecrybnviku
Cepbus, cornacHo peLUeHno NPUHSITOMY B COOTBECTBUM CO CT. 27 ab3al 1, NyHKT 4 1 Ha
OCHOBaHWM TomKoBaHusi CcT. 25 abs3au 1 nyHKT 5 3akoHa O HayvyHO-UCCrenoBaTENbCKOW
aesitenbHocTn («Cnyxx6eHn rmacHuk PCx», Ne 110/05, yTBepaunno kateropusaumio «BoeHHo-
TEeXHMYecKoro BecTHuka» 3a 2018 roa:

KaTteropun B 06nacTv TEXHONOrM4eCcKoro passuTus:

— O6bnacTb MaTepuanoB U XMMU4YECKOW TeXHONOru:
BeAYLLMIN Hay4YHbIV XXypHan HauMoHaneHoro 3HaveHus (M51),

— O6nactb MeXaHWUKu:

HayYHbIV XXypHan HauMoHanbHoro 3HaveHuns (M52),

— O6nacTb 3NeKTPOHMKW, TeNeKOMMYHMKauMm U  MHEPOPMaLMOHHbIX

TeXHONOoruin:

Hay4HbI xxypHan (M53).

KaTteropun B 06nacTvi OCHOBHbIX NCCEeA0BaHWIA:

— O6nactb maTemMaTuKa, KOMNbIOTEPHbIE HAaYKN, TEXHUYECKUE HayKu:

Hay4HbIV XXypHan (M53).

C nHdopMaLmen oTHOCUTENBHO kaTeropusaumm 3a 2018 rog MOXHO 0O3HAKOMUTLCS
Ha cTpaHuue canTta «BoeHHO-TexHu4eckoro BecTHMKa» Kameeopu3ayusi BecmHuka
(MUHMCTEPCTBOM MNPOCBELLEHNS, HayKM W TEXHOMNOrM4eckoro passutua Pecnybnuvku

Cepbus noka He npousBedeHO OMULMANbHOMO PaHXMPOBAHUSA HAyYHbIX XYpHanoB 3a
2019 rop).
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Boree noApoGHyld WHMOPMaLMIO MOXHO HaWTu Ha cante MwuHucTepcTBa
06pas3oBaHus, HayKku 1 TeXHonornyeckoro passutus Pecnybnukm Cepbus.

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

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

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

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

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

«BoeHHO-TexHUueckun  BecTHuk»  obecneumBaeTr 4uMTaTeENSM  BO3MOXHOCTb
OTKPbITOrO ~ AoCTyna, B COOTBETCTBUM  C  MOMIOXKEHWAMU 0O  aBTOPCKUX
npaBsax, ytBepxaéHHbimun  Creative Commons (CC BY). C wuHcTpykumen o6
aBTOPCKMX NpaBax MOXHO O3HAKOMWTLCSI HA CTpaHule Asmopckue npasa u noaumuka
camoapxusuposgaHusi, nepenas no ceeinke http://www.vtg.mod.gov.rs/index-ru.html.

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

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

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

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

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

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

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

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

3aronoBok

3aronoBok JOmkeH oTpaxaTb TeMy cTatbu. B uWHTepecax XypHana u aBTopa
HeobxoaMMO MCNosb30BaTh CroOBa WM CIOBOCOYETaHUs!, yAOOHble AN MHAeKcauun u
novcka. Ecnu Takne cnoea He coaepxaTtcsi B 3arofioBke, TO XenaTernbHO Ux JobaBuTb B
noAs3arofioBoK. 3arofoBOK [OSMKeH ObiTb nepeBeféH Ha aHrmuMAckun s3blk. HassaHue
3aronoBka (noAsaronoska) NULETCHA nepes aHHoTauMen Ha COOTBETCTBYIOLLIEM A3bIKE.

Tekywuin 3aronoBoK

TekylWwMin 3aronoBOK MNULIETCS B TUTYNE KaxgoW CTpaHuupl CTaTbW C LeEnbio
ynpoLleHnss npouecca uaeHTUdMKaumMM, B MepByld oyepedb KOnNui cTaTberd B
3NEKTPOHHOM BuAae.
3aronoBok copepxuT B cebe damunuio M MHMUMAanN MMeHw asTopa (B criydae ecnu
aBTOPOB HECKONbKO, ocTarnbHble obo3HavawTcs ¢ «et al.» unm «n gp.»), HasBaHue
paboTbl ¥ XypHana (rog, TOM, BbIMYCK, HayanbHas W 3aknioyMTenbHas CTpaHuua).
3aronoBoK CTaTb 1 Ha3BaHWe XypHarna MoryT OblTb NPVMBeAEHbI B COKPaLLEHHOM BuAe.

®PUO aBTOpa

MpvBoAATCS NosHas hamunus 1 NonHoe umMs (Bcex) aBTopoB. XKenaTesbHo, YToObI
OblNM yKasaHbl MHMUMAnNbl OTYECTB aBTOPOB. PaMunusi U UMs aBTopoB U3 PecnyGruvku
Cepbuss Bcerga nULWYTCA B OpUrMHanbHOM Buae (C cepbCKMMU  AUaKpUTUYECKUMMU
3HaKaMK), He3aBUCKUMO OT si3blka, Ha KOTOPOM HanucaHa paGoTa.

HaumeHoBaHue yupexpeHus aBTopa (acdpcunuaums)

MpuBognTCcA MonHoe (oduuUManbHOE) HaMMEHOBaHWe U MEeCTOHAaXOXAeHue
yypexaeHusi, B KoTopoM paboTaeT aBTop, a Takke HauMeHOBaHWe yYpexaeHnsl, B KOTOPOM
aBTOp NPOBEN nccrnegoBaHne. B criyyae opraHnsaumin Co CIOXHOWM CTPYKTYPON NPUBOAUTCS
MX uMepapxuyeckasl COMOAYMHEHHOCTb (Hanp. BoeHHas akagemus, kadedpa BOEHHbIX
3MNEKTPOHHbIX cuctem, r. Benrpag). Mo kpanHen Mepe, ogHa M3 opraHU3aumnin B nepapxmm
OOImKHa MMEeTb CTaTyc ropuanyeckoro nuua. B cnyyae ecnu ykasaHo HECKONBKO aBTOPOB, U
€CnM  HekoTopble K3 HUX paboTaloT B OOHOM  YYPEXOEHWW, HYXHO OTAernbHbIMU
0603HaYeHUsAMN MM KakuM-nmbo Apyrm crnocobom ykasaTb B KakOM M3 NPUBEAEHHbIX
yypexaeHuin paboTtaeT Kaxabli M3 aBTOPOB. Adhdunuauus nueTcs HenocpencTBEHHO
nocne PO aBTopa. [JOMKHOCTb 1 CNELMAnbHOCTb MO AUMIIOMY He YKasbiBaloTCS.

KoHTakTHble AaHHbIe

OneKTPOHHbLIM agpec aBTopa YyKasblBalTCH PSAOM C €ro MMEHEM Ha MepBoi
CTpaHu1LUbl CTaTby.

KaTteropus (Tun) ctatbmn

KaTeropusauma crtatben sBnsietca 06s13aHHOCTbIO pedakuum M umeet ocoboe
3HayeHne. KaTteropuio ctatbyu MOryT npegfiaratb PEeLEH3eHTbl U YrneHbl pedakuuu, T.e.
penakTopbl pyOpuK, HO OTBETCTBEHHOCTb 3a KaTeropusauuto HECET WCKITIOYMTENBHO
rnaBHbI pegakTop. CTaTby B XXypHane pacnpefensatoTcs No CneayroLimm KaTeropmsim:
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Hay4yHble cTatbu:

1. opurvHanbHasi HaydHasi cTatbs (paboTa, B KOTOpOW MNPUBOASTCA paHee
HeonybnukoBaHHble pe3ynbTaTbl COOCTBEHHbLIX UCCNEAOBAHWUNA, MOMYYEHHbIX Hay4YHbIM
MeToaoM);

2. ob3opHasa crTatbs (paboTa, coaepxallas OpWUrMHanbHbIA, AeTanbHbIA U
KpuTUYeckun ob3op uccrnegyemon npobrembl unu obnactu, B KOTOPbIA aBTOp BHEC
onpenenéHHbIn BKNag, BUGUMbIN HA OCHOBE aBToLMTaT);

3. kpaTkoe coobLieHne (opurHanbHasi HaydHasi paboTa nonHoro copmara, HO
MeHbLLero o6bémMa unu nveroLasa npeaBapuTenbHbIi XapakTep);

4. Hay4yHasa KpUtunyeckasa Cctatbsa (}:l,VICKyCCVIﬂ-I'IOJ'IEMVIKa Ha onpe,u,enéHHyro Hay4HYIO
TeMy, OCHOBaHHasA UCKNKYNTENIbHO Ha Haquoﬁ aprMEHTaLI,VIM) n Hay‘-IHbIVI KOMMEHTapUA.

OpHako, B HeKOTOpbIX 06nacTax 3HaHW Hay4yHas paboTa B XKypHane MoXeT UMeTb
dopMy MOHOrpadnyeckoro uccrneaoBaHus, a Takke KpUTM4eckoro obCyxaeHns Hay4Horo
maTtepuana (MCTOPUKO-apXMBHOTO, NeKCuKorpaduyeckoro, bubnuorpaduyeckoro, ob63opa
AaHHbIX W T.N.) — 4O CMX NOP HEU3BECTHOTO UMM HEAOCTATOMHO AOCTYMNHOMO AN HAay4YHbIX

nccnenoBaHuii. PaboTbl, KraccuuumpoBaHHble B Ka4eCTBE Hay4HbIX, JOITKHbI UMETb,
Nno MeHbLUEN Mepe, ABE MOMOXUTENbHbIE PELIEH3NN.

B cny4vyae ecnn B XypHane o6bsBnATCA U npunoXeHua, He nmMerne Hay‘-IHbII7I
XapakTtep, Hay4Hble CTaTbl OOJDKHbI ObITb crpynnmpoBaHbl 1 YETKO BblAesieHbl B nepBon
4YacTn HomMepa.

[podheccroHanbHble cTaTbi:

1. npodheccrnoHanbHas paboTa (NPUNOXEHWUsi, B KOTOPbIX MpeanaratoTcs onbiThl,
nonesHble Ansi COBEPLUEHCTBOBAHWUSI MPOCECCMOHANbHOM MNPaKTUKW, HO KOTOpble He
OOMKHbl B 06s13aTenbHOM nopsigke ObiTb 060CHOBaHbI HA HAYYHOM MeToAE);

2. nHchopmaTuBHOE NpunoxeHue (NepefoBast ctaTbsd, KOMMEHTapUIA U T.M.);
3. 0630p (KHWIKM, KOMMBIOTEPHOW NPOrPaMMbl, Cryyasi, Hay4HOro CobbITUS U T.M.).

A3blk paboTbl

Pa6ota MoxeT ObITb HanncaHa Ha Cep6CKOM, PyCCKOM nnu aHIMUIACKOM A3bIKe.

TeKkcT fomkeH OblTb B NMHIBUCTUYECKOM U CTUMMCTUHECKOM CMbICNE YMOpPSA0YEH,
crucTemMaTuanpoBaH, 6e3 CokpalleHuii (3a UCKIoYeHNEM CTaHaapTHbIX). Bee dusnyeckne
BENMMYMHbl JOMKHbI COOTBETCTBOBAaTb MexayHapoOHOW cucteme eAuHWL, U3MepeHus —
CW. OuepepHocTb hopmyn o603Ha4YaeTcs NoOpsAaKOBbIMU HOMEPaMK, NPOCTaBNSIEMbIMU C
NpaBol CTOPOHbI B KPYrfbIX CKOOKaXx.

AHHOTaumsA (abcTpakT) u pesrome

AHHOTaumsa (abcTpakT) 9BNsgeTcs KpaTtkuMm MHOpMaTUBHBIM 0630pOM coaepKaHus
ctaTbk, obecneymBaloWMM YuTaTento BbICTPOTY M TOYHOCTb OLEHKM €€ perneBaHTHOCTM.
B uvHTepecax pedakumm M aBTOPOB, 4YTOObI @aHHOTaUMA copepxana TepMWHbl, 4acTo
ucnosnb3yemble ANs WHAEKCUPOBaHMSA W noucka cTtatbei. COoCTaBHbIMM  YacTAMMU
aHHoTauMKn SBMAKOTCA LUefb WCCredoBaHWs, MeTodbl M 3akmoveHue. B aHHoTauum
JomkHo ObiTb oT 100 go 250 cnoB, U OHa [JOMKHA HaxoAWUTCA Mexay TuTynammu
(3aronosok, PO aBTOpPOB U AP.) M KNOYEBLIMK CIOBaMK1, 3a KOTOPbIMU CrieayeT TeKCT
ctatbu. Ecnu pabota HanucaHa Ha cepbCKOM UMM PYCCKOM i3blke, XenaTenbHO, YToObI
KpPOMe aHHOoTaLuu Ha cepbckom M pycckoMm, Obina Gbl NnpegocTaBneHa UM aHHOTaUWs B
pacwmMpeHHOM BuAe Ha aHrmnnCcKoM A3bike — B KayecTBe T.H. pestome (summary). Takoe
pestoMe [OOSMKHO HaxoamuTbCA B KOHLUE cTaTbW, nocrie pasgena Jlutepatypa. BaxHo,
4yT06bI pesiome 6bIfI0 B CTPYKTYPMPOBAHHOM BUAE, U ero AnvHa MOXeT COCTaBnaTb A0
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1/10 anvHbl ctaTbn (OHO HGonee OBLIMPHO, YeM aHHOTaLMSA M3 Havana crtaTtbu). Havanom
OaHHOro pestoMe MoXeT ObiTb nepeBeAeHHas aHHoTauus (M3 Hayana cratbM), a 3atem
OOJDKHbI  CrefoBaTh MNepeBeAeHHbIE [MaBHble 3arosyioBKW, MOA3ArofioBKM UM OCHOBbI
3aKkNoYeHnst ctatbn (nMTepaTtypa He nepeBoauTcsl). B CTpyKkTypMpoBaHHOM pesiome
HY>KHO MepPeBeCTM YacTb TEKCTA NoJ 3arofloBKOM M 3arofloBKOM, MPpUHUMas BO BHUMaHUe,
4YTOGbI OHO GbINO NPOMOPLIMOHANBHO NX Pa3MepPy M B TO XKe BPeMS OTpaxana CyTb.

KniouyeBble cnosa

KnioyeBbiMM  crioBamMu  SIBASIOTCSE  TEPMUHbI MM dpasbl,  agekBaTHO
npeacTasnsAlLiMe coaepxaHue ctaTtby, Heobxoammble ANS MHAEKCUPOBaHWSA M Nouvcka.
KnioueBble cnoBa HeoGxoouMMO BbIOMpaTb, onMpasicb MNpuM 3TOM Ha Kakon-nnbo
MeXOyHapoaHbIi MCTOYHUK (permcTp, crnosapb, Te3aypyc), Hamboree MCrnonb3yembin
BHYTPW AaHHOW Hay4yHOW obnactu. Ymcno knio4veBbiX CNOB He MoxeT npesbiwatb 10. B
MHTepecax pedakumn u aBTopoB, YTOObI YacToTa MX BCTpeun B cTaTbe Oblna Kak MOXHO
Gonbwen. KnioyeBble cnoBa [alTcs Ha 43blke, Ha KOTOPOM HanucaHa craTbsi
(aHHOTauMSA), N Ha aHIMUIACKOM s3blke. B cTaTbe OHWM MWLLYTCS HEMOCPeACTBEHHO nocrne
aHHoTauumu (B Ha4yane) u nocne pestome (B KOHLE).

Mporpamma ASSISTANT npepoctaBnseT BO3MOXHOCTb WCMONb30BaHUSA cepBuca
KWASS, aBTomaTtnyeckn hUKCUPYIOLLLErO KItoYeBble CNoBa 13 MCTOYHMKOB/CrioBapew no
BbIOOpPY aBTOpa/penakTopa.

[ata nony4eHus ctaTbu

[ata, korga pegakuusi monydurna cTaTbio; AaTa, Korda pedakumsi OKOHYaTerbHO
npuHsana craTblo kK nybnukauun; a Takke pJaTta, korga Obiny  npepocTaereHbl
HeobxoanMble UCMpPaBReHUs PYKONUCK, NPUBOASTCS B XPOHOMOIMYECKOM MOpsiAKe, Kak
NpaBuo, B KOHLIE CTaTbMu.

BbipaxeHue 6narogapHocTH

HaumeHoBaHWe M HOMep NpoekTa, T.e. HasBaHWe MporpaMmbl Grarofapsi KOTOpou
cTaTbsi BO3HWKIA, COBMECTHO C HaMMEHOBaHUEM YYpexaeHusi, koTopoe dMHaHCUMpoBano
NPOEKT 1N NPOrpammy, NPUBOAATCS! B OTAENBHOM NPUMEYaHUK, Kak NpaBunio, BHU3Y NepBoi
CTpaHu1LUbl CTaTby.

MNpeabiaywme Bepcumn paboThbi

B cnyyae ecnu cratbss B npedbiaylleid Bepcuu Gbina M3NoxeHa YCTHO (nod
O[MHAKOBbIM WIU MOXOXWM Ha3BaHWEM, HanpuMep, B BUAe [oKNaja Ha HayyHon
KOHGbepeHLMK), cBefieHUs1 06 3TOM AOIKHbI ObiTh yKa3aHbl B OTAENbHOM MpUMeYaHui, Kak
npaBumno, BHW3Y NEpBOM CTpaHuubl cTatbu. PaGoTta, koTopasi yxe 6bina onyGrnukoBaHa B
KaKoM-TMGO 13 XypHarmnoB, He MOXeT ObiTb HaneyaTaHa B «BOEHHO-TEXHNYECKOM BECTHUKE»
HI MOA MOXOXWM Ha3BaHUEM, HY B M3MEHEHHOM BUIE.

Hymepauus v HasBaHue Tabnuy u rpadmkoB

XKenatenbHo, 4ToObl HyMepaLmMs U Ha3BaHWe TabnuL, 1 rpadmKoB ObIN UCMONHEHBLI HA
OBYX s3blkax (Ha s3blke opuriHana u Ha aHrnunckoM). Tabnuubl NoANUCHIBAIOTCS TAKUM e
CrnocoboM Kak M TEKCT U 0D03HaYaTCA MOPSAKOBBIM HOMEPOM C BEpPXHEN CTOPOHbI.
doTorpachum U pUCYHKM OOMKHbI ObiTb MOHATHBI, HArMAAHbI U YOOOHbLI AN penpoayKuuu.
PucyHkn Heobxogumo genatb B nporpammax Word nnm Corel. ®oTtorpadomm n pucyHkn Hago
NoCTaBUTb Ha >Xenaemoe MecTo B Tekcte. [Ons co3gaHusa u3obpaxeHun u rpadmvkos
MCMonb3oBaHne OyHKUMU CHMMKA C 3KpaHa (CKpUHLLOTa) He Aornyckaetcs. B camom TekcTe
cTaTb peEKOMEHAYETCH MPUMEHEHMEe U300paKeHun 1 rpadmkoB, 0O6paboTaHHbIX TakMmmu
KOMMbIOTEPHBLIMM Nporpammamu, kak: Excel, Matlab, Origin, SigmaPlot n gp.
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CcbInku (UMTMPOBaHME) B TEKCTe

OdpopmreHmne CCbINoK Ha MCTOYHMKN B paMKax CcTaTby JOMMKHO BbiTb 0AHOOBPA3HbIM.
«BOEHHO-TEXHMYECKNIA  BECTHWMK» Ans  OOpMIEHUs  CCbINOK, UMTaT W Cruvcka
MCMONb30BaHHOW nuTepaTtypbl npumeHsieT [apBapackyto cuctemy (Harvard Referencing
System, Harvard Style Manual). B Tekcte B ckoGkax npuBoautcs hamunns LMTUPYEMOro
aBTopa (UM aMunusi NepBOro aBTopa, €CNU aBTOPOB HECKOSbKO), rod M3gaHust U no
HeobxoauMocTn Homep cTpaHuubl. Hanpumep: (Petrovié, 2010, pp.10-20). PekomeHgaumm
0 cnocobe UMTUPOBaHUS pasMeLLieHbl Ha CTpaHuLe canTa MHCMpPyKyUs Mo ucroib308aHU
Fapeapdckoeo cmuns. lNMpu 0OPMIEHUN CCbINOK, LUTAT U CNMCKa WUCMOSb30BAHHOW
nuTepaTtypbl  HeobxoAMMO  NpUAEpPXVBaTbCA  YCTAHOBMEHHbIX HopM. [lporpamma
ASSISTANT npegoctaBnsieT nNpy LUTMPOBAHMM BO3MOXHOCTb WCMONb30OBaHUSA CepBuca
CiteMatcher, dukcupytoLLero nponyLeHHble uuTaTel B paboTe 1 B CrMcke nutepaTypel.

MpumeyaHuna (CHOCKwM)

lMpMeyaHuss (CHOCKM) K TEKCTY YKasblBalTCH BHWU3Y CTPaHuLbl, K KOTOPOWA OHM
oTHocsTCs. lNprMMeyaHnsa MoryT cogepxaTe MeHee BaXHble AeTanu, AOMNOMHUTENbHble
06bACHEHUs, ykazaHWA 06 MCMOMb30BaHHBIX UCTOYHMKAX (Hamp. Hay4yHOM martepuarne,
cnpaBoYHMKax), HO He MOryT GbiTb 3aMeHON NpoLUeaypbl LUTUPOBAHNSA NMTEPaTypbI.

INuTtepaTtypa (pecepeHumnn)

LinTnpoBaHHoW nuTepaTtypon oxBaTbIBalOTCS, Kak npaswuo, Takue
6ubnuorpacuyeckne UCTOYHMKM Kak cTaTbW, MoHorpadwvm u T.n. Bca mcnonb3yemas
nuTepaTypa B BUuae pedepeHumin pa3meLlaeTca B OTAENbHOM pasfene crtaTtbi.

Ha3sBaHusa nutepaTypHbIX UICTOYHMKOB HE NepeBOasTCA Ha s3blk paboThl.

«BOEHHO-TEXHMYECKNI BECTHUK» Ans  OOPMIEHNss Crnmcka WCMnofb30BaHHOM
nutepaTypbl npumeHsieT [apBapackyto cuctemy (Harvard Style Manual). B cnucke
nMTepaTypbl UCTOYHMKM YKasbiBalOTCA B andaBMTHOM nopsake damunuii aBTopoB Unn
pepakTopoB. PekomeHgaumm o criocobe LMTMPOBaHMS pas3MelleHbl Ha CTpaHuue canta
UHcmpykyusi mo  ucrionb3oeaHuto  apeapdckozo cmuns. [Tlpyu  odopmMneHun  cnucka
MCMOb30BaHHOM NMUTEPaTYpPbl HEOBXOAUMO NPUAEPKMBATLCS YCTAaHOBMEHHbBIX 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.

Bce pykonucu ctaTei noanexar npod)ecCCMoHanbLHOMY peLeH3UPOBaHMUIo.
CnncoKk peLeH3eHTOB JXypHana «BOEeHHO-TEXHWYECKU BECTHMK» pa3MeLléH Ha
cTpaHuue cainTa Crucok peyeHsaeHmos. MNpolecc peLeH3npoBaHUs onucaH B pasgene

Mpasuna peyeH3uposaHus.

MouToBbLIV agpec peaakunmn:

«BojHOTEXHUYKM rNaCHWUK»

yn. leHepana Maena Opuwwnya LWtypma 1

11040 benrpag, Pecnybnuka Cepbus

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
MaBHbIV N OTBETCTBEHHbLIV peaakTop
Kangunoat TexHuyeckux Hayk Heboliwa Navella
nebojsa.gacesa@mod.gov.rs

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

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

The instructions to authors about the article preparation for publication in the
Military Technical Courier are based on the Act on scientific journal editing of the Ministry
of Science and Technological Development of the Republic of Serbia, No 110-00-
17/2009-01 of 9™ July 2009. This Act aims at improving the quality of national journals
and raising the level of their compliance with the international system of scientific
information exchange. It is based on international standards I1SO 4, ISO 8, ISO 18, ISO
215, ISO 214, ISO 18, ISO 690, ISO 690-2, ISO 999 and ISO 5122 and their national
equivalents.

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

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

in the field technological development:

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

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

- on the list of periodicals for mechanical engineering,

category: scientific periodical of national interest (M52),

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

category: scientific periodical (M53),

in the field fundamental research:

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

category: scientific periodical (M53).

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

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

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

The periodical is categorized in compliance with the Regulations on the procedure
and method of evaluation and quantitative formulation of scientific and research results of
researchers, stipulated by the National Council for Scientific and Technological
Development (Official Gazette of RS, No 38/2008). More detailed information can be
found on the website of the Ministry of Education, Science and Technological
Development.
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In accordance with the Regulations and the table about types and quantification of
individual scientific and research results (as a part of the Regulations), a paper published
in the Military Technical Courier scores 2 (two) points (category M51), 1,5 (one and a
half) point (category M52) and 1 (one) point (category M53).

The journal is in the Serbian Citation Index — SCindex (data base of national
scientific journals), in the Russian Index of Science Citation/Poccuiickuin nHgekc
Hay4yHoro uutupoBaHusa (RINC/PUHL) and is constantly monitored depending on the
impact within the bases themselves and indirectly in the international (e.g. Clarivate
Analytics) citation indexes. More detailed information can be viewed on the website of the
Military Technical Courier, page Journal indexing.

Military Technical Courier enables open access and applies the Creative Commons
Attribution (CC BY) licence provisions on copyright. The copyright details can be found on
the Copyright notice and Self-archiving policy page of the journal's website.

Manuscripts are submitted online, through the electronic editing system
ASSISTANT, developed by the Center for Evaluation in Education and Science — CEON.

The access and the registration are through the Military Technical Courier
site http://www.vtg.mod.gov.rs/index-e.html, on the page ASSISTANT or the page
SCINDEKS or directly through the link (aseestant.ceon.rs/index.php/vtg).

The detailed instructions about the registration for the service are on the website
http://www.vtg.mod.gov.rs/index-e.html, on the page Instructions for e-Ur: Electronic
Editing - ASSISTANT.

All authors submitting a manuscript for publishing in the Military Technical Courier
should register for an ORCID ID following the instructions on the web page Registration
for an ORCID identifier.

The Military Technical Courier publishes articles in Serbian, Russian or English,
using Arial and a font size of 11pt with Single Spacing.

The procedures of article preparation, writing and editing should be in accordance
with  the Publication ethics statement (http://www.vtg.mod.gov.rs/publication-ethics-
statement.html).

The article should contain the abstract with keywords, introduction, body,
conclusion, references and the summary in English language (without heading and
subheading enumeration). The article length should not exceed 24 pages of A4 paper
format.

The article should be formatted following the instructions in the Article Form which
can be downloaded from website page Article form.

Title

The title should be informative. It is in both Journal’'s and author’s best interest to
use terms suitable for indexing and word search. If there are no such terms in the title, the
author is strongly advised to add a subtitle. The title should be given in English as well.

The titles precede the abstract and the summary in an appropriate language.

Letterhead title

The letterhead title is given at a top of each page for easier identification of article
copies in an electronic form in particular. It contains the author’'s surname and first name
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.
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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:

1. Original scientific paper (giving the previously unpublished results of the author’s
own research based on scientific methods);

2. Survey paper (giving an original, detailed and critical view of a research problem
or an area to which the author has made a contribution visible through his self-citation);

3. Short or preliminary communication (original scientific paper of full format but of a
smaller extent or of a preliminary character);

4. Scientific critique or forum (discussion on a particular scientific topic, based
exclusively on scientific argumentation) and commentaries.

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:

1. Professional paper (contribution offering experience useful for improvement of
professional practice but not necessarily based on scientific methods);

2. Informative contribution (editorial, commentary, etc.);

3. Review (of a book, software, case study, scientific event, etc.)
Language

The article can be in Serbian, Russian or English.
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The grammar and style of the article should be of good quality. The systematized
text should be without abbreviations (except standard ones). All measurements must be
in Sl units. The sequence of formulae is denoted in Arabic numerals in parentheses on
the right-hand side.

Abstract and summary

An abstract is a concise informative presentation of the article content for fast and
accurate evaluation of its relevance. It is both in the Editorial Office’s and the author’s
best interest for an abstract to contain terms often used for indexing and article search.
The abstract describes the purpose of the study and the methods, outlines the findings
and state the conclusions. A 100- to 250- word abstract should be placed between the
titte and the keywords with the body text to follow. Besides an abstract in Serbian and
Russian, articles in Serbian and Russian are advised to have a summary in English, at
the end of the article, after the Reference list. The summary should be structured and
long up to 1/10 of the article length (it is more extensive than the abstract). It can start
with the translated Serbian or Russian abstract from the beginning of the article with
translated main headings, subheadings and major conclusions to follow (Reference list is
not translated). The structured summary should also contain the proportional informative
parts of the text below the headings and subheadings.

Keywords

Keywords are terms or phrases showing adequately the article content for indexing
and search purposes. They should be allocated heaving in mind widely accepted
international sources (index, dictionary or thesaurus), such as the Web of Science
keyword list for science in general. The higher their usage frequency is, the better. Up to
10 keywords immediately follow the abstract and the summary, in respective languages.

For this purpose, the ASSISTANT system uses a special tool KWASS for the
automatic extraction of key words from disciplinary thesauruses/dictionaries by choice
and the routine for their selection, i.e. acceptance or rejection by author and/or editor.

Article acceptance date

The date of the reception of the article, the dates of submitted corrections in the
manuscript (optional) and the date when the Editorial Board accepted the article for
publication are all given in a chronological order at the end of the article.

Acknowledgements

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

Article preliminary version

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

Tables and illustrations

All the captions should be in the original language as well as in English, together
with the texts in illustrations if possible. Tables are typed in the same style as the text and
are denoted by Arabic numerals at the top. Photographs and drawings, placed
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appropriately in the text, should be clear, precise and suitable for reproduction. Drawings
should be created in Word or Corel.

For figures and graphs, proper data plot is recommended i.e. using a data analysis
program such as Excel, Matlab, Origin, SigmaPlot, etc. Itis not recommended to use a
screen capture of a data acquisition program as a figure or a graph.

Citation in the text

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

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

Footnotes

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

Reference list (Literature)

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

References are not translated to the language of the article.

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

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

All articles are peer reviewed.

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

Address of the Editorial Office:

Vojnotehnicki glasnik / Military Technical Courier

Generala Pavla Juri$i¢a Sturma 1

11040 Belgrade, Republic of Serbia,

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

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

tel.: +381 11 3603 260, +381 66 8700 123
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OBABELUTEHA CAPAOHNLIMMA N YATAOLIMMA
COOBLLUEHNA ONA ABTOPOB U YATATENEN
INFORMATION FOR CONTRIBUTORS AND READERS

MuHMCTapcTBO NpOCBETE, HayKe U TEXHOMOLLKOr pa3Boja Penybnuke
Cpbuje objaBnno kateropmsaumjy ,BojHOTEXHUYKOT rMacHMKa” 3a
2018. rognHy

MuHMCTapcTBO npocseTe, Hayke M TexHomowkor passoja Penybnuke Cpbuje,
carnacHo oanyum m3 ynaHa 27. ctaB 1. Tayka 4), a no npmbaBrbLEHOM MULLIbEHY U3
ynaHa 25. ctaB 1. Tayka 5) 3akoHa O Hay4HoucTpaxuBadkoj AenaTHocTu (,CnyxbeHn
rmaciuk PC” 6p. 110/05, 50/06-ucnp. wn 18/10), yTBpouno je kareropusauujy
,BOJHOTEXHUYKOr rnacHuka” 3a 2018. roguHy:
3a 06nacT TEXHOMOLLKM pa3Boj:
— Ha NuCcTM vaconuca 3a MaTtepujane M Xemujcke TexHonoruje: kaTteropuja
BoAehn Hay4yHW Yaconuc of HalMoHanHor 3Havaja (M51),

— Ha fMCTM vaconuMca 3a MAaLUMHCTBO: KaTeropuja HayyHU 4aconuc of
HaumoHanHor 3Havaja (M52),

— Ha fMCTU Yacornuca 3a eneKkTPOHWKY, TenekomyHukauuje n uHdopmaumoHe
TexHororvje: kateropuja Hay4Hu Yaconuc (M53);

3a 0brnacT OCHOBHa UCTPaXuBaHa:

— Ha nuUCTM yvaconuca 3a MaTemaTuKy, padyHapcke Hayke W MeXaHuKy:
KaTeropuja Hay4Hu Yaconuc (M53).

YcBojeHe nmcte gomahux yaconmca 3a 2018. roguHy Mory ce BMOETM Ha CTpaHMLM
cajta Kamezopusauuja Yaconuca (http://www.vtg.mod.gov.rs/kategorizacija-casopisa.html).

[eTarsHuje nHdopmaumje mory ce npoHahu n Ha cajty MuHucTapcTBa npocseTe,
Hayke 1 TexHornoLkor pa3soja Penybnuke Cpbuje.

KaTteropusauuja 4yaconuca nsspLueHa je npema MpaBUnHMKY O NOCTYMKY U HaYUHy
BpedHOBaka W KBaHTUTATMBHOM UWCKa3vBaky Hay4YHOMCTpaXuBaukmx pesynrata
UCTpaxusaya, Koju je mponucao HauuoHanHu caBeT 3a Hay4YHW M TEXHOIOLWIKX pas3Boj
(Cnyx6enu rnachHuk PC, 6poj 38/2008).

Y ckragy ca OBUM MPaBUITHUKOM M TaberioM O BPCTU U KBaHTUMMKaLMY MHAMBUAYAHNX
Hay4YHOMCTPaXMBaYKNX pesynTaTa (y cactasy [paBunHuka), objaBreeHu pag y BojHoTexHn4koM
rmacHuKy BpeaHyje ce ca 2 6oga (kateropuja M51), 1,5 Gop (kateropuja M52) n 1 6o
(kaTeropuja M53).

MwuHUCTEpPCTBO 0Opa3oBaHUS, HAyKN U TEXHOOTMYECKOTO pa3BUTUS

Pecny6bnukn Cepbusa ytBepamno kateropusaumio xypHana

«BoeHHOo-TexHu4Yeckunt BecTHUK» 3a 2018 rog

MuHuctepcTBom 06pa3oBaHusA, HaykM U TEXHOMOMMYecKoro passutua Pecnybnuvkm
Cepbus cornacHo pelueHuto no cT. 27 ab3ay 1, NyHKT 4 1 NO NONy4EHHOMY TONKOBaHMIO
ct. 25 abszay 1 nyHkT 5 BakoHa O Hay4YHO-MCCNEeOOoBaTENbCKON AesATenbHOCTH
(«Cnyx6enn rmacHmk PC» Ne 110/05, 50/06-ucnp. n 18/10) yTBepxaeHa kateropusauusi
XypHana «BoeHHO-TexHu4eckun BecTHUK» 3a 2018 roa:

KaTteropun B 06nacTv TEXHONOrM4Y4eCKoro pasBuTus:

— Ob6nacTb matepuanoB U XMMUYECKOW TEXHOMOrMU: BeAYLMUIA HAyYHbIN KXypHan

HauMoHanbHoro 3HaveHus (M51),
— O6nacTb MEXaHUKUN: Hay4HbIN XypHan HaumnoHanbHoro 3HadveHus (M52),
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— O6nacTb 3nMeKTPOHUKK, TENEKOMMYHUKaUUA U MHPOPMALIMOHHBIX TEXHOMOIUIA:
Hay4HbIV XXypHan (M53).

KaTteropun B 06nacT OCHOBHbIX NCCeA0BaHWUIA:

O6nacte MaTemaTtuka, KOMMbIOTEPHblE HayKW, TEeXHWYECKMe HayKu: Hay4HbIn
XypHan (M53).

C wvHdpopMauve#nnr o kateropusaumm  3a 2018 rog  MOXHO  O3HaKOMMUTLCH — Ha
CTpaHuLe Kamezopusauusi eecmHuka (hittp:/iww.vtg.mod.gov.rs/kategorizacia-vestnika.html).

Bornee nogpobHo ¢ nHpOpMaLMen MOXHO 03HaKOMUTLCHA Ha canTe MuHucTepcTea
06pasoBaHus, Hayku 1 TexHonornyeckoro passutus Pecnybnukm Cepbus.

Kateropusauusa >xypHana nposBedeHa B COOTBETCTBMM C PermameHToM O nopsigke M
MeTOAaxX  KaTeropusaumy  HaydHO-MCCredoBaTenbCkMX — pesynbTatoB,  YTBEPXKOEHHOro
HawwoHanbHbIM KOMUTETOM Mo Hayke 1 TexHonorusim (Criyx6enm rmacHmk PC, Ne 38/2008).

B coOTBETCTBUM C BbllLEyKka3aHHbIMU MOMOXeHUsiIMKM PermameHta v Tabnuuen no
Krnaccumkaummn 1 Kateropusaumn MHANBMAYanbHbIX Hay4YHO-MCCNEAOBaTENbCKNX Pe3ynbTaToB
(ABNAOLLMXCA HEOTLEMIEMOWN 4YacTblo PernmameHTta), paboTa, onyGnvkoBaHHasi B XypHane
«BOeHHO-TEXHNYECKNIN BECTHMK», OLEHMBAETCs criegyromm obpasom: 2 Ganna (kateropvsi
M51), 1,5 6annos (kateropus M52) n 1 6ann (kateropus M53).

Ministry of Education, Science and Technological Development of
the Republic of Serbia classified the Military Technical Courier for
the year 2018

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 2018

in the field Technological Development:

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

leading scientific periodical of national interest (M51),

— on the list of periodicals for mechanical engineering, category: scientific

periodical of national interest (M52),

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

scientific periodical (M53),

in the field Fundamental Research:

on the list of periodicals for mathematics, computer sciences and mechanics:
category: scientific periodical (M53).

The approved lists of national periodicals for the year 2018 can be viewed on the 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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UHpekcupaHn ynaHum ,BojHoTexHuudkor rnacHuka” og 1990. po
1999. rognHe y CprnckomM LUMTaTHOM NHOEKCY

3axBarbyjyhm yopyxeHum Hanopuma LleHTpa 3a eBanyauujy y obpasoBawy
Hayum (LIEOH) w pepakumje ,BojHOTexHuYKOr rmnacHuka”, Ha cTpaHuuama Cpnckor
LMTaTHOr MHOEKCAa WHOEKCUpaHW Cy CBM unaHum objaBrbeHn y ,BojHoTexHnukom
rmacHuky” og 1990. go 1999. roauHe, nopen OO caja MHOEKCUPaHUX 4YnaHaka Koju cy
objaerbeHn nocne 2000. roguHe. W oBM YnaHuM MHOEKCUpaHW cy Y nyHom chopmaTy, ca
poperseHnm [JOW 6pojem 1 OCTYMHUM LIEMOKYNMHUM TeKcToM unadka y MNA® cdopmarty,
Ha cTpaHuum https://scindeks.ceon.rs/issue.aspx?issue=14095&lang=sr. Pegakuuja ce
3axBarbyje LLEOH-y Ha oBOM BaxHOM JonpuHocy y Aaurutanusaumju ,BojHoTexHuukor
rnacHuka’.

Cratbu xypHana «BoeHHo-TexHu4eckun BecTHUK» ¢ 1990 no 1999
rog npownu wuHoekcaumwo B CepbOCKOM MHOEKCE Hay4yHOro
LMTUPOBaHNSA

Bnarogapsi coBMecTHbIM yeunusim LleHTpa oueHkn obpasoBaHus n Hayku (CEON) u
pefakumm xypHana «BoeHHO-TexHUYeckuii BECTHWKY, B CepOCKOM MHOEKCE HAy4YHOro
LMTMPOBaHMS NPOMHAEKCUPOBaHbLI CTaTby XXypHana « BoeHHO-TEXHUYECKUIN BECTHUKY» C
1990 no 1999 rog, nommmo ctaTer ¢ 2000 roga, KOTOpblE paHee yXXe NPOLLK
nHaekcaumio. [laHHble cTaTby pa3MeLLeHbl B NOMHOM hopMaTe, U UX MOXHO HaWTu nog
npuceoeHHsiM DOl Homepowm, B popmate PDF Ha cTpaHuue
https://scindeks.ceon.rs/issue.aspx?issue=14095&lang=en. Pegakuns 6narogaput
CEON 3a BaxHbIV BKrag B oLMdpPOBKY XypHana « BoOeHHO-TEXHUYECKUI BECTHUKY.

Serbian Citation Index has indexed the Military Technical Courier
articles from 1990 to 1999

Thanks to the joint efforts of the Center for Evaluation in Education and Science
(CEON) and the editorial team of the Military Technical Courier, the Serbian Citation
Index has indexed all articles published in the Military Technical Courier from 1990 to
1999, in addition to the already indexed articles published since 2000. These articles are
indexed in full format, with the assigned DOI number and available in full text of the article
in the PDF format, at https://scindeks.ceon.rs/issue.aspx?issue=14095&lang=en. The
editorial team thanks the CEON for this important contribution to the digitization of the
Military Technical Courier.
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CMMNCAK PELEH3EHATA BOJHOTEXHNYKOT IMACHUKA

CIMCOK PELIEH3EHTOB XXYPHATA (BOEHHO-TEXHYECK// BECTHVIK»

LIST OF REFEREES OF THE MILITARY TECHNICAL COURIER

CMUCAK PELIEH3EHATA BOJHOTEXHUYKOIr TTTACHUKA

Ume, cpeatse

O6nacTt KomneTeHuUuje

CroBo (HayuHor ORCID iD Eprublons identifier
npesume MHTepecoBaHa)
Mapko [1. normMcTIKa https://orcid.org/0000-  |[lhttps://publons.com/a/1597
AHppejuh 0002-6753-9786 995
auvrutanHa obpaga
CurHana,
npenosHaBake obnvka
1 knacudukaumja,
CUrHanu n cuctemu,
MwuneHko C. |cTOXacTW4KM npouecu y https://orcid.org/0000- nhttps://publons.com/am615
Axgpuh TenekomyHvkaumjama u 0001-9038-0876 557
pagapckvm cuctemmma,
BPEMEHCKO-
dpekBeHuumjcka obpaga
curHana, asv normykm
cucTemm
Murow XK. https://orcid.org/0000-  ([lhttps://publons.com/a/1604
Apovh MOMUCTUYKM MEHALMEHT 0001-7853-0819 ps/ip gy
3aLTUTa XMBOTHE
CawaT. cpeaviHe, npoueHa https://orcid.org/0000- nhttps://publons.com/am 597
Bakpau EKOMOLLKWNX puauka, 0003-0211-3765 282
eKoMeHaLMeHT
Bojucnas J. onLTe MalUnHCKe https://orcid.org/0000- nhttps://publons.com/aﬂ643
BaTtunuh KOHCTpYyKUuje 0001-6786-7846 029
TenekoMyHukauuje,
OexXnyHe KOMyHuKauuje,
CDMA, OFDM cuctemu,
CrteBaH M. CEeH30pCKe Mpexe, https://orcid.org/0000- nhttps://publons.com/aﬂ610
Bepbep payyHapcKu cUcTemMmn y 0002-2432-3088 900
peanHom BpeMeHy,
obpaga CTOXaCTUYKMX
curHana
MOCIOBHM
[Hparana MHGOPMaLMOHU . .
Bevejcku- CMCTEMM, NOCTIOBHA ht(t)%so-/zlggadé?gg/zt)goo- Bhttps://publons.com/a/1623
Byjaknvja  [uHTenwureHumja, ERP, IT| 502
MeHalMeHT
Hapxo U BULLCKPUTEDHIYMCKO https://orcid.org/0000-  |[Ehttps://publons.com/a/1524
BoxaHuh OANyHNBatLE, 0002-9657-0889 010
MEeHaLIMEHT y ogbpaHu
avrutanya obpaga
Cnuke, gurutanHa
Boganfl, | ©OpaAacatana u https://orcid.org/0000- |[llhttps://publons.com/a/1603
BorLynuh LEHE TIpUMEne, 0002-8850-9842 131

cje,qmbaBaH:e CIuKa,
npoueHa Kksanumteta

CIIMKe 1 Bugeo curHana
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Uwme, cpeame
CIoBO U
npesume

O6nacTt KoMneTeHuuje
(Hay4Hor
MHTEpecoBaHa)

ORCID iD

EJpublons identifier

Mupko A.
Bopvicos

reogeTcko
WHXXeHepCTBO,
reomaTuka, reorpadcku
NHOPMAaLIMOHM
CUCTEMM, QUTUTANHN
mMopenu TepeHa,
KapTorpaduja,
reogeswja,
MynTTUMeaujanHa
kapTorpacduja, Beb
kapTorpaduja

https://orcid.org/0000-
0002-7234-6372

Bhttps://publons.com/a/1613
254

Yrmbewa C.
Byrapuh

onepaumoHa

ncTpaxusatrba,
MacoBHO
oncnyxuBeatse,
TepoTexHonoruja-
oOpxaBame,

TPaHCMopTHU

1 CKNaauLWHN CUCTEMM

https://orcid.org/0000-
0003-2459-2656

nhttps://publons.com/aﬁ 596
666

Cnasuwa W.
Bnauuh

Ba3ayLHu caobpahaj,
CHCTEMCKa KOHTpOna;
ayTomaTtcka KOHTpona;
HaBurauuja Bosuna;
MOpHapuykn 6opbeHun n
HaBUraLMoHN cucTemu;
cumynauumja

https://orcid.org/0000-
0001-9336-0512

Bhttps://publons.com/a/1604
062

Oparorby6 A.
Byjuh

npuMer-eHa MexaHuka,
AujarHocTtuka,
codmcTmympaHmn
cMcTeMM opxaBaha
TEXHUYKMX cUCTEMaA

https://orcid.org/0000-
0001-6999-6828

Bhttps://publons.com/a/1627
346

MHGOPMaLMOHU
Vsan B. Bynuh cuctemu, reorpadpcku https://orcid.org/0000- nhttps://publons.com/am606
NHpopMaLoHH 0002-5161-5422 268
cUcTeMM
BOjHO-XEMMUjCKO
WHXXEHEPCTBO
Mnapen M, | (MOroHeka CReACTBR, | s jorcid.org/0000-  |Mltips:/ipublons.com/a/t626
BypyHa orenonowka 0002-3558-4312 384
cpeacTBa, 3alTuTa oa
HXB opyxja, 3awTuTa
XVMBOTHE cpeanHe)
reorpadwmja,
Jby6omup J MHr;z;pMailcmlgleM https://orcid.org/0000-0002- nhttps://publons.com/am41 8
lvrosuh 8388-3624 283
CUCTEM, FEONPOCTOPHA
aHanusa
Mwupo J. https://orcid.org/0000-  [Ellhttps://publons.com/a/1539
Fosepapnua | eOVHpopmaTuka 0003-1698-0800 PP 597
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Uwme, cpeame
CIoBO U
npesume

O6nacTt KoMneTeHuuje
(Hay4Hor
MHTEpecoBaHa)

ORCID iD

EJpublons identifier

lopan A. Oukuh

CUCTEMM ayToMaTCKOr
ynpaerbatba, npahewe
UnrbeBa, cucTemMm
Boheka 1 ynpaBrbarba

https://orcid.org/0000-
0002-0858-1415

nhttps://publons.com/aﬁ 634
756

pakeTa
eHepreTcka
CHexaHa M. €cuKacHocCT, https://orcid.org/0000- nhtt s://publons.com/a/1604
[paruhesun | MaW/HCTBO, conapra 0002-6244-0111 P
eHepruja,
TEPMOUHXEHEPUHT
Yegomup B. MOTOpU, MOTOpHa https://orcid.org/0000- nhttps://publons.com/aﬂ627
[y6oka BO3una 0003-2944-2278 827
npouecu u metoae y
caobpahajy n
Boban [. TpaHcnopTy, https://orcid.org/0000- nhttps://publons.com/am633
hoposuh TpaHCMNOpTHE Mpexe, 0001-8133-2389 020
opraHusauuja
TpaHcnopTa
Brago . | MMPVVIErseHa MEXBRIKA | iins:jorcid.org/0000-  [[https://publons.com/al1622
Bypkosuh KpyTor 1 0002-5064-4117 194
AecopmabunHor Tena
obpapga curHana,
XKersko M. ynpasrbame https://orcid.org/0000- /
hyposuh cuctemmnma, 0002-6076-442X

npeno3HaBake obnuka

BojaHn M. 3pHuh

CEH30pCKM crUCTeMMU,
cTpaTernjcko
nnaHvpare

https://orcid.org/0000-
0002-0961-993X

Haopyxare, HyMepu4ka
aHanunsa, CFD
cuMmynaumja, cnosbHa

Damup [1. https://orcid.org/0000-  [[lhttps://publons.com/a/1500
Jepkosuh 62””‘””"3’ GanucTuka, 0001-5182-7%57 pePp 127
anucTuka Ha uniby,
MHTerpauuja
Haopyxaha
Bykuua M. MALMHCTEO https://orcid.org/0000- ﬁhttps://publons.com/a”656
JosaHosuh 0002-8626-903X 683
Tpubornoruja n Teopuja
Mwutap T. nzgn;s(:;v;zas;a, https://orcid.org/0000-  |[Ehttps://publons.com/a/1596
JouaHosuh 0003-1088-5028 778
TEXHOJMOLLKMX CUCTEMA,
Xnapaynuykv cuctemm
XeMujcke TexHonoruje
(HykneapHO-xemujcko-
PagosaH M. OGuonoLlka 3awTuTa, https://orcid.org/0000- nhttps://publons.com/aﬂ602
Kapkanuh netekuuja, 0002-8074-7264 667
naeHTudukaumja n
[eKoHTammHaumja)
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Wwme, cpeame

O6nacTt KoMneTeHuuje

cnoeo un (nayuHor ORCID iD Bpublons identifier
npesvme MHTEpecoBaHa)
eHepreTcka
eneKTPoHUKa,
eneKkTpuyHe MalluHe,
Bnagnmup A. €IeKTPOMOTOPHM https://orcid.org/0000- nhttps://publons.com/aﬂ318
Katuh NOroHW, KBanuTeT 0002-0138-8807 533

eneKkTpuyHe eHepruje,
0BGHOBIBUBM N3BOPU
eneKkTpuyHe eHepruje

MexaHuka cnyunaa,
HyMepuyKa AvHamumka

https://orcid.org/0000-

Bhttps://publons.com/a/1627

Mupko C. Kosuh dnyunaa, 0002-7287-0780 334
aepoavHaMmyka
onTepehewa
Carba Jb. dbuamka https://orcid.org/0000-  [[lhttps://publons.com/a/1595
Kopuua 0002-7915-9430 795

AHa U. KocToB

MaTepujanu, xemujcke
TexHonoruje,

https://orcid.org/0000-

nhttps://publons.com/am 609

) 0000-0001-6436-9091 813
MeTanyprvja
nHdopMaLmoHe
KomneH I'. TexHonoruje, https://orcid.org/0000- nhttps://publons.com/aﬂ610
Jlanosuh nporpamumpatse, 0000-0002-4590-2185 913
3alTnTa nogartaka
CnaBosbyb C. . https://orcid.org/0000- nhttps://publons.com/aﬂ600
Nexvh burexronoruja 0002-4834-3550 615
Mapwija 3. eneKkTpoTexXHMKa — https://orcid.org/0000- nhttps://publons.com/aﬂ605
ManHap TenekoMyHukauumje 0003-1416-8253 030
Bacunuje M. 33“12";3 :‘F'f:m”e https://orcid.org/0000- /
Maroguh PEAVHE, 0002-8377-7717

XeMVIjCKO NHXeHepCTBO

Japomup Mapec]

NOTUCTMKA, NOTUCTUYKA
noApLuKa, 3alTuTa
KUBOTHE cpeauHe,
3alTuTa Ha paay,

npoLieHa pusuka

https://orcid.org/0000-
0002-1337-3821

nhttps://publons.com/aﬂ 658
858

Bojan 4. MUKpOTarnacHa TeXHUKa, https://orcid.org/0000- ﬂhttps://publons.com/am604
MwnaHoBuh aHTeHe 0003-0683-4500 390
TexHomnoruja MatumHcke
obpage,
poboTuka, BeluTayka
MHTenureHuwja,
ayTOHOMHMW CUCTEMU U .
3opaH b. ymamMcho yuere https://orcid.org/0000-  |[lhttps://publons.com/a/1410
MurbkoBuh ’ 0001-9706-6134 489

BellTa4vyke HeypoHcke
Mpexe, UHTeNMUreHTHN
TEXHOJIOLWKN cUcTtemMm n
npouecu, metoae
oanyyvyuBama
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Uwme, cpeame
CIoBO U
npesume

O6nacTt KoMneTeHuuje
(Hay4Hor
MHTEpecoBaHa)

ORCID iD

EJpublons identifier

Hagwuua C.
MwurbkoBuh

BromeanunHcKa
obpapga curHana, e-
3apaBsrbe,
€neKTpoTEXHUKA,
BromMeaNLINHCKN
VHXXEHEPWIHT,
enekTpodusmonoruja

https://orcid.org/0000-
0002-3933-6076

Bhttps://publons.com/a/1628
814

CphaH T.
Mwutposuh

MOGUNHM poboTu,
yrpaerbake y peanHom
BpeMeHy, asm noruka,

dasun ynpasrbame,
MUKPOTPOLIECOPCKM
cucTeMMU, ynpaBrbake
cucteMmma
(ayTomartuka),
anropuTMu Hasurauuje

BO3una, 6poacku

6opbeHn n
HaBWrauMoHu cuctemm

https://orcid.org/0000-
0002-1287-2792

nhttps://publons.com/aﬂ 467
408

Hejan M.
MwuukoBuh

KOHCTpyKUMja KnacuyHor
Haopyxata,
ayTomaTcka opyxja,
YHyTpaluHa 6anuctuka

Oparax .
MnapgeHoBuh

nHdopmaLumoHa
6e36enHocT, cajbep
6e3benHocT, cajbep

cykobu, cajoep

paToBame,
UHGOpMaLoHe
TexHonoruje,
MefyHapoaHO npaso,
HOBE TexHomnoruje

https://orcid.org/0000-
0003-4530-633X

nhttps://publons.com/aﬂ 604
465

Cnagko P.
Myxpaeka

MOTOpHa BO3una,
bopbeHa Bo3una

https://orcid.org/0000-
0002-6189-9473

nhttps://publons.com/aﬂ 599
773

BobaH 3.
MNaBsnoeuh

TenekoMyHUKaLMoHe
Mpexe, KBanuteT
cepBWca,
TenekoMyHUKaLIMOHN
caobpahaj

https://orcid.org/0000-
0002-5476-7894

nhttps://publons.com/aﬁ 606
407

OparaH C.
Mamy4vap

caobpahajHo
WHXeHEePCTBO,

onepauunoHa
MCTpaxuBama

https://orcid.org/0000-
0001-8522-1942

nhttps://publons.com/aﬂ 239
906

CpeteH P.
Mepuh

MallNHCTBO

https://orcid.org/0000-
0002-7270-5187

nhttps://publons.com/aﬁ 620
400
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Wwme, cpeame

O6nacTt KoMneTeHuuje

CroBo (HayuHor ORCID iD Elpublons identifier
npesvme MHTEpecoBaHa)
noysaaHocT,
pacnonoXxuBocT K
ofpKaBare TEXHUYKUX
cuctema (xapasep,
Cnasko J. codpTBEP, YOBEK); https://orcid.org/0000- nhttps://publons.com/am 557
MokopHu WH(paLpBEHO 0002-3173-597X 795
3paverse;
NHpopMaLMOoHe n
KOMYHMKaLOHe
TexHonoruje
Mwupocnas B. https://orcid.org/0000-  [https://publons.com/a/1558
Monosuh pasyHapcka Texuuka 0002-1118-6491 pe:lip 230
Crojan H. MaTeMaTAKa https://orcid.org/0000- - Ellhttps://publons.com/a/1596
PapneHosuh 0001-8254-6688 168
Jyrocnas P. | MyHWUMja, MEHALIMEHT, https://orcid.org/0000- nhttps://publons.com/aﬂ611
Pagynosuh KBanuTeT 0002-4003-7209 389
MynTUMeauja,
AHppeja b. KomMnpecuja curHana u https://orcid.org/0000- nhttps://publons.com/am 597
Camyosuh cnuke, 6e3begHocT 0001-6432-2816 639
MHdopMaumja
ogpxaBare, TEXHUYKa
noapLuka, UHTerpmucaHu
Bnapa C. HaBWraumjckm cuctemu, https://orcid.org/0000- nhttps://publons.com/aﬂ 559
Coxkonosuh GPS, GNSS, 0003-0782-0506 198
caTenuTCKM CUCTEMM,
norucTuka
xugpometanypruja,
Cpehko C. | jemarsxionors. https://orcid.org/0000- |[llhttps://publons.com/a/1597
Cronwh XEMUICe curTeae, 0002-1752-5378 R
peuuknupame, 3alwTuTta
XKMBOTHE CpeanHe
Jby6buwa K. |yHyTpawwa banucTuka, https://orcid.org/0000- nhttps://publons.com/am623
TaHuuh Haopyxare 0003-1242-9333 091
6ase nopgaraka,
Vsan A Tor C;gf‘:;;‘;“”i;‘fu‘;:ﬁa hips:/forid org/0000- Bhttps://publons.com/al1558
- - 155
MHOPMaLMOHNX
cucTema
Bagum 1. | JITPALISE M SNOTENE |- Entips: fjorcid.org/0000-  |https://publons.com/al1655
Xajkog ~ |02/MCTVKa, payHapcka 0003-1433-3562 s
maTemaTvka
MHAYCTpUjcKa CBOjUHA,
3awTmTa
UHTEneKTyarnHe u
WHOYCTPUjCKe CBOjUHE,
Obpan T. naTeHTHa 3awTuTa, https://orcid.org/0000- nhttps://publons.com/aﬂ600
Yabapkana yrnpaerbare 0002-3949-8227 393
npojektuma,
MaLLVHCTBO,
Haopyxawe, NPojekT
MeHafpKMeHT
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Wwme, cpeame

O6nacTt KoMneTeHuuje

cnoBo u (Hay4Hor ORCID iD nPublons identifier
npesvme MHTEpecoBaHa)
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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CMNUCOK PELLEH3EHTOB XYPHANA «BOEHHO-TEXHUYECKUN

BECTHUK>»
®Uo OBnactyt Hay4HoA ORCID iD BErublons identifier
AeATeNnbLHOCTH
Mapko 1. O https://orcid.org/0000- |Elhttps://publons.com/a/1597
AHgpeny 0002-6753-9786 995
uncppoBas obpaboTka
CurHarsnos,
pacnosHaBaHue n
knaccudmkaumsa popm,
CUrHanbl U CUCTEMBI,
Mwunenko C. | cnyyaviHble npouecchl B https://orcid.org/0000- nhttps://publons.com/aﬁ615
AHOpuy TENEeKOMMYHUKALMOHHbIX 0001-9038-0876 557
1 pagnonoKaLMOHHbIX
cucTemax, YacToTHO-
BpemeHHasi obpaboTka
curHanos, asoBble
TIOTVYECKME CUCTEMBI
o | ynpasnenve norweruor| (RSO O09TIA00 ﬂhttps.//pubé%r;s.com/am604
oxpaHa okpyxatoLLei
cpenbl, OLeHka . .
CawaT. | “hofes o Dnexos, | hitosi/iorcid.orgi0000- | Elhttps:/ipublons.com/al1597
Bakpau - 0003-0211-3765 282
3Konornyeckui
MEHEKMEHT
Bowcnas Y. obuume https://orcid.org/0000- nhtt s://publons.com/a/1643
Baruuny | MAHVHOCTPOUTEIIEHBIE 0001-6786-7846 2
KOHCTPYKLUK
TENEKOMMYHUKaLWu,
becnpoBogHbie ceTu,
CDMA, OFDM cuctemsl,
CresaH M. o https://orcid.org/0000- | Elhttps://publons.com/a/1610
Bepbep 0002-2432-3088 900
CUCTEMbI pearibHOro
BpemeHu, obpaboTka
CTOXaCTUYECKUX
curHasnos
6usHec-
(parana 1’;‘5;;‘;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
obnactv 060poHbI
undppoBasi o6paboTka
n3obpaxeHui,
o6paboTka LmdpoBoro
BobaH . curHana u ero https://orcid.org/0000- nhttps://publons.com/am603
Bormxynny NPUNOXEHNS, OLleHKa 0002-8850-9842 131

KayecTBa N306paxeHns n
BWAEO, CIUsIHWE
n306paxxeHnm
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(o7 [e]

O6nacTn Hay4YHOMN
AEATENbHOCTU

ORCID iD

ﬂPubIons identifier

Mwpko A.
Bopwucos

reofesunyeckas
WHXeHepusi, reomaTuka,
reouHgopMaLoHHbIe
cuctembl, UndpoBbie
MoAenu MecTHOCTH,
KapTorpadwms, reogesusi,
MynbTUMeAnHasn
kapTorpacus, Be6-
KapTorpadus

https://orcid.org/0000-
0002-7234-6372

ﬂhttps://publons.com/aﬁ 613
254

Yrnewa C.
Byrapuny

nccnefoBaHve
onepauuin, Teopus
MaccoBoro
obcnyxumBaHus,
TepoTexHonorus
obcnyxuBaHus,
TPaHCNOPTHO-CKNaackue
cucTeMbl

https://orcid.org/0000-
0003-2459-2656

ﬂhttps://publons.com/aﬂ 596
666

Cnasuwa .
Bnauny

BO3JYLLUHOE ABUXEHUWe,
ynpaBreHne cucTeMon;
aBTOMaTM4ecKoe
ynpaBreHue;
aBTOMOBUNbHasA
HaBUrauusi; Mopckue
6oeBble 1
HaBWUrauNOHHbIE
CUCTEMBI;
MoAenvpoBaHue

https://orcid.org/0000-
0001-9336-0512

ﬂhttps://publons.com/aﬁ 604
062

Oparonto6 A.
Bywny

npuKnagHas MexaHuka,

[OMarHocTuka, CrnoxHble

CUCTEMbI TEXHUYECKOTO
obcnyxmBaHust

https://orcid.org/0000-
0001-6999-6828

ﬂhttps://publons.com/am 627
346

MBaH B. Bynuy

WHPOPMaLIMOHHbIE
CUCTEMBb,
reorpaguyeckme
WHPOPMaLIMOHHbIE
CcUCTEMBI

https://orcid.org/0000-
0002-5161-5422

ﬂhttps://publons.com/aﬂ 606
268

BOEHHO-XnMn4eckas
NHXeHepua (TOI'IJ'IVIBa,

MnageH M. https://orcid.org/0000-  |[Ellhttps://publons.com/a/1626
BypyHa Tokcitkonors, PXE 0002-3558-4312 )
3awumTa, oxpaHa
oKpyxatoLler cpeapl)
reorpacus,
reorpaduyeckas
TNoGomup N. MHpOpMaLMOHHas https://orcid.org/0000- ﬂhttps://publonS_com/aM418
[vroeny cuctema, 0002-8388-3624 283
reonpocTpaHCTBEHHbIN
aHanus
Mupo . reOMHGOpMaTHKA https://orcid.org/0000- ﬁhttps://publons.com/aﬂ 539
[oBegapuua 0003-1698-0800 597
TPaHCMOPTHbIE NpoLecChl
BobaH [1. 1 MeToapl, https://orcid.org/0000- ﬂhttps://publons.com/am633
[>xopoBuy TPaHCNOpPTHbIE CETY, 0001-8133-2389 020

opraHn3auunsa TpaHcnopTa
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O6nacTn Hay4YHOMN

@®no AesTeNbHOCTH ORCID iD Epublons identifier
Brago M. | MMPVKNIaANEA MEXARMKA | hips:iorcid.org/0000-  |[@ihttps://publons.com/al1622
[KypKOBMY TBEPALIX 1 0002-5064-4117 194
aedopmMmpyembix Ten
obpaboTka curHanos,
Xenbko M. | ynpaBneHue cuctemon, https://orcid.org/0000- /
[hxypoBuny pacnosHaBaHue 0002-6076-442X
¢dopmaTta
cucTeMbl
aBTOMaTU4ECKOro
[opaH . yrnpaBrneHus, https://orcid.org/0000- ﬂhttps://publons.com/aﬂ 634
Ouvkny npuLenuBaHns, CUCTEMbI 0002-0858-1415 756
HaBegeHus n
TeneynpasfieHusi pakeT
9HeproapPeKTUBHOCTb,
CHexaHa M. C“gﬁHmquHHzc:zzzH:'Me;“ https://orcid.org/0000- nhttps://publons.com/aﬁ 604
[parnyesuny priAs, 0002-6244-0111 121
TennoTexHuka
TEPMOVHXeHepus
Yegomup B. https://orcid.org/0000-  |[Elhttps://publons.com/a/1627
My6oka [BWraTeny, asToMo6unu 0003-2944-2978 ps:/ip s
BOOPY>KEHWE, YNCMEHHBI
aHanus, CFD
BblUMCIIUTENbHAs
rMApoAMHaMuKa,
Oamup O. BHELLUHAA 6annucTuka, https://orcid.org/0000- ﬂhttps://publons.com/aﬂ 500
EpkoBuny 6annucTuka, 0001-5182-7057 127
TepMuHanbHas
6annucTuka,
WHTErpvpoBaHue
BOOPY>XEHUs!
BosiH M. 3pHuy Ceiizz:l;ﬁsgglgg > hitps://orcid.org/0000- /
’ 0002-0961-993X
nnaHvpoBaHve
Bykuua M. https://orcid.org/0000- | Elhttps://publons.com/a/1656
MosaHoBMY MatlHocTpoeHine 0002-8626-903X s
TpuGonorus n Teopus
CMa3sku, TeXHU4eckoe
Mutap T. obcnyxuaHue https://orcid.org/0000- nhttps://publons.com/am 596
Mouarosuy TEXHONOTNYECKNX 0003-1088-5028 778
CUCTEM, rMapaBnNyecKmx
cucTeM
XMIMUYecKasi TEXHOJOMUS
(spepHo-xmmmnyeckas-
PapoBaH M. | Buonoruyeckas 3awmra, https://orcid.org/0000- nhttps://publons.com/aﬂ 602
Kapkanuy obHapyxeHue, 0002-8074-7264 667
naeHTuukaums n
[es3aktuBaums)
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O6nacTn Hay4YHOMN

®no NeATeNLHOCTH ORCID iD Epublons identifier
CcUroBasi SMeKTPOHHKa,
3MeKTPUYECcKNe MaLLVHBI,
aneKTpUUeckue NpuUBoabI, o
Bnagumnp A. P KaHeCTBOp A https://orcid.org/0000- | llnttps://publons.com/a/1318
KaTtny 0002-0138-8807 533
3MeKTPO3HEPTUN,
BO306HOBMSIEMbIE
MCTOYHKMN SHEpPTUM
MexaHuka XWAKOCTEN,
BbIUMCTIUTENbHAS .
Mwupko C. . https://orcid.org/0000- |Ellhttps://publons.com/a/1627
Koauu AVHEMKE HUAKOCTEM, 0002-7287-0780 334
aspoanHaMuueckue
Harpysku
CaHs JN. dbuanka https://orcid.org/0000-  |[Elhttps://publons.com/a/1595
Kopuua 0002-7915-9430 795

MaTepuanbl, XuMn4eckune

https://orcid.org/0000-

nhttps://publons.com/aﬂ 609

AHa N. KocTos TexHonoruu, 0000-0001-6436-9091 813
MeTannyprus
MHOPMaLMOHHbIE
KomneH I, TeXHoorum, https://orcid.org/0000- nhttps://publons.com/am610
JTanoBuy nporpaMMmpoBaHue, 0000-0002-4590-2185 913

3awuTa JaHHbIX

Cnasonto6 C.

https://orcid.org/0000-

nhttps://publons.com/aﬂ 600

Nexkny GurotexHonorus 0002-4834-3550 615
Mapus 3. 3NEeKTPOTEXHUKA — https://orcid.org/0000- nhttps://publons.com/aﬂ 605
ManHap TenekoMMyHMKaLumMmn 0003-1416-8253 030

Bacunne M. oxpaHaCor;py:arou.leM https://orcid.org/0000- /
MaHoBu4 peqbl, 0002-8377-7717
XMMUYeckasi UHXeHepus
NOrnUCTYKa,
normcTuyeckas

Apomump Mapec

noaaepxka, oxpaHa

OKpyXatoLLen cpeapl,

oxpaHa Tpyaa, oueHka
pYCKOB

https://orcid.org/0000-
0002-1337-3821

nhttps://publons.com/aﬂ 658
858

BogH Y.
MwunaHoBu4

MWKPOBOJTHOBasA TEXHUKaA,
AHTEHHbI

https://orcid.org/0000-
0003-0683-4500

nhttps://publons.com/aﬂ 604
390

3opaH [x.
MwunbkoBuy

TexHornorus
npounssoacTBa, NpoLecchl
o6paboTku,
poboToTEXHMKA,
WNCKYCCTBEHHbIV
WHTENNEKT, aBTOHOMHbIE
CHCTEMbI U MaLUMHHOE
obyuyeHue,
WCKYCCTBEHHbIE
HeMpOHHbIE ceTH,
WHTEnneKTyanbHble
NpOV3BOACTBEHHbIE
CUCTEMBI U MPOLIECCHI,
NPUHSATUE PELLEHWI

https://orcid.org/0000-
0001-9706-6134

nhttps://publons.com/aﬂ 410
489
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(o7 [e]

O6nacTn Hay4YHOMN
AEATENbHOCTU

ORCID iD

ﬂPubIons identifier

Hapguua C.
MwunkoBuy

obpaboTka
BromMeaNLIMHCKUX
CUrHarnoB, 3reKTPoOHHoe
30paBOOXpPaHEHUE,
3NEKTPOTEXHUKA,
6uomeamumHckas
UHXEHepuUst,
anekTpodumsnonorus

https://orcid.org/0000-
0002-3933-6076

ﬂhttps://publons.com/aﬂ 628
814

CpoxaH T.
MuTtpoBuy

MOBWbHbIE POBOTHI,
ynpaerneHue B peasnsHoM
BPEMEHM, HeveTkas
rioruka, HeyeTkoe
ynpaenexue,
MWKPOMNPOLLECCOPHbIE
CUCTEMbI, yNpaBneHue
cucTeMamy aBToMaTukm,
anropuTMbl HaBurauum
TpaHcnopTa,
HaBUraLMoHHbIE CUCTEMbI
Ans cynos n 60eBoro
TpaHcnopTa

https://orcid.org/0000-
0002-1287-2792

ﬂhttps://publons.com/am 467
408

OesH M.
MwuukoBuY

KOHCTPYKLWS
Knaccu4eckoro
KOHBEHLMOHAMNBLHOIO
BOOPYXEHWS,
aBTOMaTMYeCcKoe opyxue,
BHYTPEHHsIst Gannmctuka

OparaH, .
MnageHoBuY

MHOPMaLMOHHas
6e3onacHocCTb,
knbepbesonacHoCTb,
Knbep-KOHMNWKT,
Knbep-BomnHa,
MHOPMaLMOHHbIE
TEXHosormu,
MeXayHapoaHoe npaso,
HOBbIE TEXHOMOrMN

https://orcid.org/0000-
0003-4530-633X

ﬂhttps://publons.com/aﬁ 604
465

Cnageko P.
Myxpaeka

TpaHCMopTHbIE CPeacTBa,
60eBble TPaHCMOPTHbIe
cpeacTea

https://orcid.org/0000-
0002-6189-9473

ﬂhttps://publons.com/am 599
773

BobaH 3.
Maenosuy

TeneKoMMYyHVKaLVOHHble
ceTu, KayecTBo
obcnyxumBaHus,

TEeNeKOMMYHMWKaLMOHHBI

Tpaduk

https://orcid.org/0000-
0002-5476-7894

Bttps://publons.com/al1606
407

OparaH C.
Mamyyap

TpaHcnopTHast
VHXeHepusi,
orepaTuBHble
“ccnegoBaHust

https://orcid.org/0000-
0001-8522-1942

ﬂhttps://publons.com/am 239
906

CpeTteH P.
Mepwny

MallMHOCTpoeHune

https://orcid.org/0000-
0002-7270-5187

Bnttps://publons.com/a/1620
400
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HafleXXHOCTb,
[OCTYMHOCTb M
TeXHU4Yeckoe
obcnyxusaHve
TEXHUYECKUX CUCTEM
(annapatHoe
Cnasko Y. obecnedyeHue, https://orcid.org/0000- ﬂhttps://publons.com/aﬂ557
MokopHn nporpaMMHoe 0002-3173-597X 795
obecneyeHune, YenoBek);
MHpakpacHoe
n3nyyeHue;
MH(OPMaLIMOHHO-
KOMMYHUKaLMOHHbIE
TEXHOMNormm
Mwupocnas B. KOMMNbloTepHas https://orcid.org/0000- ﬂhttps://publons.com/aﬂ558
Monosuy NHXeHepus 0002-1118-6491 230
CTtosH H. MaTeMaTiKa https://orcid.org/0000- ﬂhttps://publons.com/aﬁ596
PapeHoBuy 0001-8254-6688 168
lOrocnas P. 6oenpunacsl, https://orcid.org/0000- ﬂhttps://publons.com/am611
Pagynosuy | MeHeaXXMeHT, Ka4eCcTBO 0002-4003-7209 389
MynbTUMeAMa, cxaTve
AHppes B.  [curHana u nsobpaxeHuit, https://orcid.org/0000- nhttps://publons.com/am597
CamyoBuy MHOpMaLMOHHast 0001-6432-2816 639
6esonacHoCTb
TeXHU4Yeckoe
obcnyxuBaHue,
TexHUYeckas noaaepxka,
Bnaga C. MHTErpMpoBaHHbIE https://orcid.org/0000- nhttps://publons.com/am559
Cokonoswuy HaBWraunoHHblEe 0003-0782-0506 198
cuctembl, GPS, GNSS,
CMYTHUKOBbIE CUCTEMBI,
rnorucTuka
rmopomMeTannyprus,
HaHOTEXHOMOrMMK,
Cpeuko C. XUMUYECKUIA CUHTES, https://orcid.org/0000- ﬂhttps://publons.com/a”597
Cronwny peuunknupoBaHue, 0002-1752-5378 645
OoXpaHa oKpyxatoLLen
cpeasl
Jiobuwa K.  |BHYTpeHHsis bannucTuka, https://orcid.org/0000- nhttps://publons.com/am623
TaHuny BOOpPYXXeHNe 0003-1242-9333 091
6a3bl AaHHbIX,
Vo A Tor | araU o https://orcid.org/0000- [Ellnttps://publons.com/a/1558
0002-5862-9042 155
MHOPMaLMOHHbIX
cucTeM
BHYTPEHHSIA U BHELLHSISA
Bagum J1. Gannuctuka, https: //orcid.org/0000- nhttps://publons.com/am655
XankoB KOMMblOTEpHas 0003-1433-3562 562
MatemaTvka
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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/am 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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Marko D. o https://orcid.org/0000- .
Andrejié logistics 0002-6753-9786 ﬂhttps.//pub;%r;s.com/am597
digital signal processing,
pattern recognition and
classification, signals and
systems, stochastic
Milenko S. processes in https://orcid.org/0000- ﬂhttps://publons.com/am615
Andri¢ telecommunications and 0001-9038-0876 557
radar systems, time-
frequency signal
processing, phase logic
systems
Milo& Z. Arsi¢ | logistics management https://orcid.org/0000- | Ellhttps: //publons.com/a/1604

0001-7853-0819

531

Sasa T. Bakra¢

environmental protection,
environmental risk
assessment, eco-
management

https://orcid.org/0000-
0003-0211-3765

nhttps://publons.com/aﬁ 597
282

Vojislav J. general mechanical https://orcid.org/0000- ﬂhttps://publons.com/aﬂ643
Batini¢ engineering constructions 0001-6786-7846 029
Dragana business information
Beégjski- systems, business https://orcid.org/0000- nhttps://publons.com/am623
L intelligence, ERP, IT 0002-9615-3620 502
Vujaklija
management
telecommunications,
wireless communications,
CDMA, OFDM systems, .
Stevan M. | - or network C’gmputer https://orcid.org/0000- ﬂhttps://publons.com/am610
Berber T 0002-2432-3088 900
systems in real time,
processing of stochastic
signals
digital image processing,
digital signal processin .
Boban P. g otk o9 https://orcid.org/0000- |Ellhttps://publons.com/a/1603
B sulic and its applications, image o 42
ondzuli¢ and video quality 0002-8850-98 131
assessment, image fusion
geodetic engineering,
geomatics, geographic
Mirko A. mformahoq systems, digital https://orcid.org/0000- nhttps://publons.com/aﬂ613
. terrain models,
Borisov 0002-7234-6372 254
cartography, geodesy,
multimedia cartography,
web mapping
Darko I. multl-c:‘:;[:Eiangemsmn https://orcid.org/0000- nhttps://publons.com/
Bozani¢ ’ 0002-9657-0889 a/1524010

management in defense
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operational research, mass
Ugliesa s, | SeTViee, teroteahnology = | & uys.jorcid.orgi0000- (Elhttps:/ipublons.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- ([Bllhttps://publons.com/a/1600
Cabarkapa | Patent protection, project | 5405 3949 8597 393
management, mechanical
engineering, armaments,
project management
Nada M. physics https://orcid.org/0000- |Ellhttps://publons.com/a/1601
Citakovi¢ 0003-2813-2323 584
automatic control systems,
Goran D. Dikié target tracking, missile https://orcid.org/0000- nhttps://publons.com/aﬂ 634
’ guidance and control 0002-0858-1415 756
systems
energy efficiency,
Snezana M. | mechanical engineering, https://orcid.org/0000- nhttps://publons.com/a/‘l 604
Dragic¢evi¢ solar energy, thermal 0002-6244-0111 121
engineering
Cedomir V. ; ; https://orcid.org/0000- ﬂhttps://publons.com/am 627
Duboka engines, motor vehicles 0003-2944-2278 827
processes and methods in
Boban D. traffic and transportation, https://orcid.org/0000- nhttps://publons.com/aﬂ 633
Porovi¢ transportation networks, 0001-8133-2389 020
transport organization
Vlado P. applied mechanics of rigid https://orcid.org/0000- ﬂhttps://publons.com/am 622
Burkovié and deformable bodies 0002-5064-4117 194
Zeljko M. [signal processing, systems| (" https:/orcid.org/0000-
Purovié control, pattern recognition 0002-6076-442X
Ljubomir J. geography, geographic https:/orcid.org/0000- |[Elhttps://publons.com/a1418
Giovié information system, 0002-8385-3624 ps:/ip
igovic geospatial analysis 0208~ 283
Miro J. geoinformatics https://orcid.org/0000- Ehttps:/!publons.com/a/‘l 539
Govedarica 0003-1698-0800 597
weapons, numerical
. analysis, CFD simulation, . . ]
?:;Egv% lexternal ballistics, ballistics, ht(t)%so/1/f>5r<1:gj2(_)7r%/5070 00- {Eihtps://publons.com/a/ 1500
terminal ballistics, weapons 127
integration
tribology and theory of
Mitar T. |lubrication, maintenance of| *https://orcid.org/0000- [Ellhttps://publons.com/a/1596
Jocanovi¢ technological systems, 0003-1088-5028 778
hydraulic systems
Vukica M. . . . https://orcid.org/0000- nhttps://publons.com/aﬁ656
Jovanovi¢ | mMechanical engineering 0002-8626-903X 683
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chemical technology
nuclear-chemical- .
Radovan M. b(iological protection https://orcid.org/0000- nhttps://publons.com/aﬂ 602
Karkali¢ L T 0002-8074-7264 667
detection, identification and
decontamination)
power electronics, electric
. machines, electric power . . )
VIadlmlllr A. systems and stations, https://orcid.org/0000- ﬂhttps.//publons.com/aﬂ318
Kati¢ A . 0002-0138-8807 533
electric power quality,
renewable energy sources
. internal and external .
Vadim L. ballistics, computer https://orcid.org/0000- |Elhttps://publons.com/a/1655
Khaikov mathematics 0003-1433-3562 562
o . . https://orcid.org/0000- nhtt ://oubl /al1595
h ps://publons.com/a
Sanja Lj. Korical physics 0002-7915-9430 795
Ana |. Kostoy [Materials science, chemicall © https://orcid.org/0000- B ttps://publons.com/a/1609
: technologies, metallurgy | 0000-0001-6436-9091 813

mechanics of fluids,
computational fluid

https://orcid.org/0000-

ﬂhttps://publons.com/aﬂ 627

Mirko S. Kozié dynamics, aerodynamic 0002-7287-0780 334
load
information technology, .
Komlen G. programming data?y https://orcid.org/0000- ﬂhttps://publons.com/aﬂ610
Lalovi¢ 2 0000-0002-4590-2185 913
protection
Slavoljub S biotechnology https:/orcid.org/0000- |[Ellhttps://publons.com/a/1600
Leki¢ 0002-4834-3550 615
Marija Z. electrical engineering - https://orcid.org/0000- | Elhttps://publons.com/a/1605
Malnar telecommunications 0003-1416-8253 030
Vasilije M. environmental protection, https://orcid.org/0000- |
Manovi¢ chemical engineering 0002-8377-7717

Jaromir Mares

logistics, logistic
support,environmental
protection, protection at
work, risk assessment

https://orcid.org/0000-
0002-1337-3821

nhttps://publons.com/aﬂ 658
858

construction of classic

Dejan M. :
Mickovié weapons, automat!c _ / /
weapons, internal ballistics

Bojan C. microwave engineering, https://orcid.org/0000- nhttpsj//pubbns_com/a” 604
Milanovié¢ antennas 0003-0683-4500 390

biomedical signal
Nadica S. processing, g-hea_lth, https://orcid.org/0000- ﬂhttps://publons.com/aﬂ 628
Miljkovic |  Glectrical engineering, 0002-3933-6076 814

biomedical engineering,

electrophysiology
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manufacturing technology,
machining processes,
robotics, artificial
intelligence, autonomous
Zoran D. systems and machine https:/orcid.org/0000- |Elhttps://publons.com/a/1410
Miljkovié 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/aﬂ467
Mitrovi¢ (automation), vehicle 0002-1287-2792 408
navigation algorithms,
naval combat and
navigation systems
information security,
cyber security,
Dragan D. ggg:rr ff;?ffgfé https://orcid.org/0000- |Ellnttps://publons.com/a/1604
Mladenovi¢ . ) ’ 0003-4530-633X 465
information technology,
international law,
emerging technologies
Slavko R. motor vehicles, combat https://orcid.org/0000- ﬂhttps://publons.com/aﬂ 599
Muzdeka vehicles 0002-6189-9473 773
Dragan S. traffic engineering, https://orcid.org/0000- nhttps://publons.com/am239
Pamucar operational research 0001-8522-1942 9206
telecommunication
Boban Z. networks, quality of https://orcid.org/0000- ﬂhttps://publons.com/aﬂ 606
Pavlovié  |service, telecommunication 0002-5476-7894 407

traffic

Sreten R. Peri¢

mechanical engineering

https://orcid.org/0000-
0002-7270-5187

ﬂhttps://publons.com/aﬂ 620
400

reliability, maintainability
and system maintenance
(hardware, software,

Slavko, J. : . https://orcid.org/0000- ﬂhtt ://oubl /al1557
- human), infrared radiation, ps://publons.com/a,
Pokorni information and 0002-3173-597X 795
communication
technologies
Miroslav V. : N https://orcid.org/0000- ﬂhttps://publons.com/aﬂ 558
Popovic computer engineering 0002-1118-6491 230
Stojan N. mathematics https://orcid.org/0000- |Elnttps://publons.com/a/1596
Radenovi¢ 0001-8254-6688 168
Jugoslav R. |ammunition, management, | "= https://orcid.org/0000- ﬂhttps://publons.com/a”611
Radulovié¢ quality 0002-4003-7209 389
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Andreja B. ms“ig'r?;f’ﬂfrgg?j‘fgoi”,d https://orcid.org/0000- ﬂhttps://publons.com/am597
Samcovi¢ information security 0001-6432-2816 639
maintenance, technical
Vlada S. support, integrated navigation| - https://orcid.org/0000- ﬂhttps://publons.com/aﬂ559
Sokolovi¢ systems, GPS, GNSS, 0003-0782-0506 198
satellite systems, logistics
hydrometallurgy,
Srecko S. nanotechnology, chemical https://orcid.org/0000- ﬂhttps://publons.com/am597
Stopi¢ synthesis, recycling, 0002-1752-5378 645
environmental protection
control of processes with
concentrated and distributed
parameters, industrial
regulators with optimum
performance, fraction laws of
Tomislav B. control in industrial appllc_;atlon, https://orcid.org/0000- ﬂhtt s://publons.com/a/1596
Sekara process characterisation, 0001-8031-3135 .

adequate signal discretisation
and processing, sensors and
actuators, electric energy
compensation and saving in
electric energy distribution
systems

Goran P. Simi¢

Inform. systems, computer
science, programming,

https://orcid.org/0000-

ﬂhttps://publons.com/aﬁ 600

databases, artificial 0002-7563-699X 386
intelligence
LjubisaK. | o https://orcid.org/0000- ([Ellhttps://publons.com/a/1623
Tancic internal ballistics, armaments| 0003-1242-9333 091
databases, inform.systems,| (“https://orcid.org/0000- ﬂhttps://publons.com/am558
Ivan A. Tot | ) .
information system security| 0002-5862-9042 155

Slavi$a |. VlIaci¢

air traffic, system control,
automatic control, vehicle
navigation, naval combat
and navigation systems,
simulation

https://orcid.org/0000-
0001-9336-0512

ﬂhttps://publons.com/aﬁ 604
062

applied mechanics,

Dragoljub A. diagnostics, sofisticated https://orcid.org/0000- nhttps://publons.com/am627

Vuiji¢ systems for technical 0001-6999-6828 346
system maintenance
| Information systems, | ;e orcid.org/0000- Ellhtps://publons.com/alt
Ivan B. Vuli¢ geographic information 0%02-5161-5?122 ttps //psz%SS com/a/1606
systems
military-chemical
engineering (propulsion

Mladen M. agents, toxicological https://orcid.org/0000- nhttps://publons.com/am626

Vuruna agents, protection against 0002-3558-4312 384

NHB weapons,
environmental protection)

Bojan M. Zrni¢

sensor systems, strategic
planning

https://orcid.org/0000-
0002-0961-993X
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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

229

IZJAVA O ETICKOM POSTUPANJU / 3TUMECKNN KOOEKC / PUBLICATION ETHICS STATEMENT, pp.228-239



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2019, Vol. 67, Issue 1

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.
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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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