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BIACHULMN:
MunuctapcTBo onbpaHe u Bojcka Cpbuje

M30ABAY:
YHuBepauteT onbpaHe y Beorpaay, BojHa akagemuja

YPEOHWLWTBO: ctpaHuLe unaHosa ypeaHuwTea y ORCID iD-y, Google Scholar-y, Web of Science ResearcherID-y,
Scopus Author ID-y n PUHL-y goctynHu cy Ha http://www.vtg.mod.gov.rs/urednistvo.html
[naBHW 1 OLTOBOPHYU YpeHUK

[p Oparan Mamyyap,

e-mail: dragan.pamucar@va.mod.gov.rs

YpeAHuk 3a obnact MatemaTuke, MexaHuke 1 padyHapckux Hayka

Op Oparax Tpudkosuh

YpepnHuk 3a 0bnact enekTpoHuke, TeNeKoMyHuKauuja u MHHOPMaLMOHUX TEXHOMorvja
[p BobaH BoHyynuh

YpeaHuk 3a obnacT MalwmnHCTBa

[Op Bpanumup Kpctuh

YpenHuk 3a obnact matepujana u XeMUjCKUX TexHonoruja

[Op PapgosaH Kapkanuh

TexXHWYKN ypeaHuK

Mp Hebojwa Mahewa,

e-mail: nebojsa.gacesa@mod.gov.rs, tel. 011/3603-260, 066/87-00-123

YPEBVBAYKM OBOP:

[p UeaH M'yTmaH, Cpncka akagemuja Hayka 1 ymeTHocTu, Beorpaa, Cpbuja,

[Op Mpagumup MunosaHosuh, Cpnicka akagemuja Hayka u ymeTHocTu, Beorpaa, Cpbuja,

Op Bu-Xyan Xu, YHusepauteT Cyuoy, akynTeT 3a TEKCTUNHY M 04eBHY TexHuky, Cyuoy, Kuna,

[p OparaH Maweswnh, YHusep3auteT MoHalw, ®akynteT nHdopmaumoHux TexHonoruja, MenbypH, Ayctpanuja,

[p Crojan PapgeHoBuh, YHusepauteT y Beorpaay, MawwuHcku cakyntet, beorpag, Cp6uja,

[Op Mahug Tadana, YHueepauteT la Can, Ogerbete 3a NocnoBHe cucteme u aHanutuky, dunagenduja, CA,

[p BaneHnTtuH Mono., TexHuuku yHnBep3nTeT y bepnuHy, Operbere 3a AnHamuky cuctema u pusmnky Tpera, bepnuH, Hemauka,

[p Wankap Yakpaboptu, YHusepautet Jagasnyp, Ofgerbete 3a npon3BogHo MawwuHcTeo, Kankyta, MHauja,

Op Papy-Emun Mpekyn, YHueepauTeT MonutexHuka y Temuwsapy, Temuwsap, PymyHuja,

[p Jypruta AHTyuxeBuum, TexHnukn yrueepsnteT MeanmuHac y Bunwycy, MpahesuHckn dakynteT, Bunwyc, utBanuja,

[p Bnagumup Metposuh, YHueepsuteT y Hosom Capy, ®akynteT TexHuykux Hayka, Hou Cap, Cpbuja,

[p. Capdapas XawemxaHu 3ondanu, Katonuyku yHnBep3anutet Cesep, TexHuuku akyntet, AHTodaracta, Yune,

Ip Cpehko JokcumoBuh, YHueepauteT y JyxHoj Ayctpanuju, Ageneja, Ayctpanuja,

[p Mapta3 Na3paH, Wkona 3a 6usHuc n mapkeTuHr ESIC, Magpug, Wnawnwja,

[Op MpaceHunt Yatepun, MHCTUTYT 3a uHxerepctBo MCKV, Ogerberwe 3a MallMHCTBO, XoBpax, MHauja,

[p CteBaH bepbep, YHusepauteT y OknaHay, Onerberse 3a enekTpoTexHUKY 1 padyHapcko uHxersepcTso, Oknanz, Hosu 3enaHs,

[p ®aycro KaBanapo, YHusep3auteT y Monucey, Operbete 3a ekoHoMUjy - Oferbere 3a XUBOTHY CPEANHY 1 eHeprujy,
Kamno6aco, Utanvja,

Op Xamug M. Ceauyv, YuusepauteT Wexug Yampam y Axeasy, Oferbetbe 3a MalwmHcTBo, Axeas, MpaH,

[Op Xersko CteBuh, YHuBep3auteT y UctouHom CapajeBy, Caobpahajuu dakyntet, lo6oj, Penybnuka Cpncka, BuX,

[p Xamepn ®asnonaxrtabap, YHusep3auteT flamran, Oferbewe 3a MHAYCTPUCKO MHXeHepCTBO, [lamraH, MpaH,

[p Japocnas Batpo6cky, YHuBepauTeT y LLuehuHy, ®akynTteT 3a ekoHoMUjy, prHaHcuje v MeHaymenT, LLuehuH, Morbeka,

[p Kpuctnaro ®paraca, YHusepauteT y bonown, Operbere 3a MHAYCTPUjCKO MHXEHEPCTBO, bonowa, Utanuja,

Ip Cpehko Ctonuh, TexHn4ku yHnBepanTeT y AxeHy, IHCTUTYT 3a npoLiecHy MeTanyprijy u peuuknvpare metana, AxeH, Hemauka,

[p Bojuex CanabyH, 3anagHonomMepaHCKku TEXHOMOLWKM YHUBep3uTeT y LLuehuHy, ®akynteT payyHapckux Hayka u
MHopmaLmoHux TexHonoruja, WyehwuH, Morbcka,

[p Nesa MeunpyTte-KaBanuayckuere, BojHa akagemuja JiutBanuje ,leHepan Jonac Xemautuc®, BurbHyc, JlutBanuja,

[p Wapka MajepoBa, YHuBepauteT ogbpare y bpHy, Oferbete 3a Matematuky u dusuky, bpHo, Yewka Penybnuka,

[p ®atunx Euep, YHueepautet AcdmoH Kohatene, ®PakynTeT 3a eKOHOMUjy 1 aAMUHUCTpaTUBHE Hayke, AdmoHkapaxucap, Typcka,

Op Munow bykuh, YHnepautet y beorpagy, Mawwxckn dakyntet, Beorpaa, Cpbuja,

[Op Xersko hyposuh, YHuBepautet y Beorpapy, EnektpotexHuyku dakyntet, beorpag, Cpbuja,

[Op EpHecto [.P. CaHTubaHe3 MoH3anes, YHuBepauteT y Tanku, Oferbere 3a UHAYCTPUjCKO UHXEeHepcTBO, Tanka, Yune,

[p Oparad MapuHkosuh, TexHW4Kk1 yHuBep3nuTeT y bepnuHy, ®akynteT 3a MalLMHCKe U TpaHCMOpTHe cucTeme, bepnnn, Hemauka,

[p CtedbaHo BaneaHo, YHuepauteT Kope y EHn, Opferbetbe 3a Ba3ayxonnoBHW MHxewepuHr, EHa, UTanuja,

[Op Padan MagoHcku, YHusepauteT buHaH, LieHTap 3a nctpaxusame enektpuyHe eneprije, lN'yanriyoy, Kuna,

Op AHa KocTos, MHcTUTYT 3a pynapcTBo 1 meTanyprujy, bop, Cpbuja,

Op AnekcaHpap [opoxoB, HaumoHanHu eKOHOMCKV YHUBEP3WUTET, KaTeapa 3a MHopMaLmMoHe cucteme, Xapkos, YkpajuHa,

[Op 3opaH Mutposuh, YHueepautet y Bawoj llyun, EnektpotexHuyku dakyntet, bawa fyka, Penybnuka Cpncka, BuX,

[Op Bykuua JoBaHoswh, YHusepautetT Ong JdomunnoH, Hopdonk, CAL,

[Op Bojan 3pHuh, YHuBepauteT onbpaHe y Beorpaay, BojHa akagemuja, Beorpaa, Cpbuja,

Op Munenko Anapuh, YHneepauteT ogbpaHe y beorpaay, BojHa akagemuja, Beorpag, Cpbuja,

[Op Muxaen byuyko, YHuBep3uTeT onbpaHe y beorpaay, BojHa akagemuja, Beorpag, Cpbuja,

Ap Camapyut Kap, HauvoHanHu nHcTuTyT 3a TexHonorvjy, Oaerberse 3a Mmatematwuky, flypranyp, MHauja,

[Op Hukona ®abuaHo, YHuBep3uTeT y beorpaay, HCTUTYT 3a HykneapHe Hayke ,BuHua“, Beorpaa, Cpbuja,

[p Uarnap Kapamaca, AHagonujcku yHuBepauTeT, ®akynTeT 3a NocnoBHy aaMuHuUcTpaumjy, Eckuwexup, Typcka,

[Op Pocen Mutpes, TexHuukn yHusepautet y Coduju, Coduja, byrapcka,

Ip Mygacup JoyHuc, YHUBEP3UTETCKN TEXHONOLWKN UHCTUTYT-PITIB, Bonan, MHawja,

[p Bojan MunaHosuh, YHuBepauteT ogbpaHe y beorpaay, Bojha akagemwja, Beorpaa, Cpbuja,

[Op Japomup Mapec, YHuBepauteT ogbpaHe y bpHy, bpHo, Yewka Penybnuka,

Ip Wpuk MyxamepgsjaHoB, [ipxaBHu HapTHU TEXHONOLLKW YHUBEp3nUTET ¥ Ydu, Ypa, Pycka Pepepaumja.
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COBCTBEHHUKN:
MuHucTepcTBo 060poHbI M BoopyxéHHble cunbl Pecny6nuku Cepbus

N3OATENLCTBO:
YHusepcuteT 060poHbl B . benrpaa, BoenHast akagemus

PEOAKLWA: co ctpaHuuamu uneHos peaakumm B ORCID iD, Google Scholar, Web of Science ResearcherID, Scopus Author
ID 1 PUHL| MOXHO 03HakoMuTbCA Ha canTte http://www.vtg.mod.gov.rs/redakcia.html

[MaBHbI 1 OTBETCTBEHHbIV peaakTop

[-p OparaHx Mamyyap, e-mail: dragan.pamucar@va.mod.gov.rs

Pepaktop B obnactsx: matematuka, MexaHuka 1 uHgopmaTtuka

[-p Oparax TpudpkoBuy

PepakTop B 06nacTsix: 9NeKTPOHKKa, TeNekOMMYHUKaLUM N MHEHOPMALIMOHHBIE TEXHONOTUN

[-p BobaH BoHmxynuny

PepakTop B 06nactu: MalMHOCTpoeHe

[-p Bpanumup Kpctuy

PepakTop B o6nactsix: MaTepuanoBefeHne 1 XMMUYECKe TEXHOMOMK

[-p PagosaH Kapkanuy

TexHn4eckuin pegakTop

Kanaupat TexHuyeckux Hayk Heboliwa Mavelwa, e-mail: nebojsa.gacesa@mod.gov.rs, Ten. +381 11 3603 260, +381 66 87 00 123

PEOAKLIMOHHAA KONNETNA:

[-p MBaH N'yTmaH, CepbGekas akagemusi Hayk U uckyccTs, r. benrpag, Cepbus,

[-p M'pagumnp MunosaHosuy, Cepbekast akageMust Hayk 1 nckyccTs, r. benrpag, Cepbus,

O-p Dxu-Xyan Xu, YHusepcuteT Cyuxoy, dhakynbTeT TEKCTUNSA M Npon3BoacTBa oaexabl, r. Cyuxoy, Kutan,

[-p OparaH Maweswny, YHnBepcuteT MoHalw, dakynbTeT MHOPMaLMOHHbIX TeXHoNorwii, r. MenbbypH, ABcTpanus,

[-p CrosH PapgeHoBuY, Benrpaackuii yHUBEPCUTET, MaLLMHHOCTPOUTENBbHLIN hakynbTeT, r. Benrpaa, Cepbus,

[O-p Mapxup Tadbana, YHuBepcuteT Jla Canb, AenapTameHT BusHec-cuctem u aHanutukm, r. dunagendus, CLUA,

[-p BaneHTuH MNMonos, BepnnHCKunin TEXHNYECKUIA YHUBEPCUTET, AenapTaMeHT AMHAMMUKN CUCTEM U (DU3UKN TPEHUS,
r. bepnuH, lepmanus,

[-p WaHkap YakpabopTu, YHuBepcuteT [Ikaaasnyp, AenapTamMeHT Npon3BOACTBEHHbLIX MaLvH, . KanbkyTta, MHaus,

[-p Pagy-Emun Mpekyn, MonutexHnyeckuin yHnsepcuteT Tumuiuoapel, r. Temuwyapa, PymbiHus,

[-p FOpruta AHTy4eBMUMEHE, BUNBHIOCCKMIN TEXHUYECKUI YHUBEPCUTET MMeHn 'efuMmuHaca, CTpouTernbHbIN hakynbTeT,
r. BunbHioc, Nutea,

[-p Bnagnmup MeTtposuy, HoBu-caackuii yHmBepcuteT, dakynbTeT TEXHUYECKNX Hayk, . Hosn-Cag, Cepbus,

[-p Capdapas Xawemxanu 3ondanu, Katonuyeckuin yHmBepcuteT ceBepa, TEXHUYECKWiA chakynbTeT, r. AHTodaracta, Yunu,

[-p Cpeuko Mokcumosuy, YHueepceuteT KOxHoi ABCTpanuu, r. Anenanaa, Asctpanus,

[-p Mapta3 WNasgaH, LWkona 6usHunca n mapkeTtuHra ESIC, r. Magpua, Vcnaxus,

[O-p Npacengxut Yatepmxku, MHcTuTyT nixeHepun MCKV, genaptaMeHT MallMHOCTPoeHus, r. Xaopa, UHaus,

[-p CteBaH Bepbep, OkneHACKUI YHUBEPCUTET, AenapTaMeHT SNEKTPOTEXHWUKM 1 KOMMbIOTEPHON UHXeHepu, . OkneHs,
Hoeas 3enaHgus,

[-p ®aycto KaBanapo, YHuBepcuter Monuae, akoHoMuYeckuii hakynbTeT [lenapTaMeHT OKpYxXaroLen cpelbl U aHepreTuku,
r. Kamnobacco, Utanus,

[O-p Xamug M. Ceanaxu, YrusepcuteT LWaxuaa YampaHa B AxBase, AenapTaMeHT MalUMHOCTPOeHus, r. Axeas, VpaH,

[-p Kenbko CTeBuy, BocTouHo-CapaeBCkuil yHUBEPCUTET, TPAHCMOPTHbIN dhakynbTeT, r. [loboit, Pecnybnuka Cepbekas, bul',

[-p Xamepn ®asnonaxtabap, YHuBepcutet [Jamrana, AenapTaMeHT NpoMbILLNEHHO NHXeHepuK, 1. JamraH, UpaH,

[-p Apocnas Batpobcky, LeunHckuin yHnBepenTeT, hakyrbTeT SKOHOMUKM, PUHAHCOB U MeHeXMeHTa, I. LeuuH, MonbLua,

[-p Kpuctnano ®paraca, bonoHckuin yHrBepcuTeT, AenapTamMeHT NPOMBbILLIEHHOW UHXeHepun, I. BonoHbs, Utanus,

[-p Cpeyko Ctonuy, TexHUYeckuin yHUBEPCUTET AXEHa, AenapTaMeHT MeTannypruyeckux TEXHONOormii 1 06paboTku
meTannos, r. AxeH, FepmaHus,

[-p Boituex CanabyH, 3anagHo-lNMomepaHckuil TEXHONOTMYECKUIA YHUBEPCUTET B T. LLleunH, dakynbTeT KOMMLIOTEPHBIX HayK
1 MHPOPMALIMOHHBIX TexHonorui, r. LeuuH, MonbLua,

[-p Vesa MenayTte-KaBanunayckvere, JlutoBckas BoeHHasi akagemus uMm. reHepana Monaca Xemaittuca, r. BunbHioc, utea,

[-p Wapka MaepoBsa, YHuBepcuteT 060poHbI B I. BpHO, hranko-MaTemaTuyeckuin fenapTameHT, r. BpHo, Yeluckas Pecny6nuka,

[-p ®atux Euep, YHusepcuteT AdboH Kopxatene, ®akynbTeT AenoBoro agMMHUCTpUpoBaHus, r. AdboHkapaxucap, Typums,

[O-p Munow Dxykuy, Benrpagckuin yHMBepcuTeT, MalUMHOCTPOUTENbHLINA hakynbTeT, r. benrpaa, Cepbus,

[-p Xenbko [xypoBuy, Benrpanckuii yHUBEPCUTET, SNEKTPOTEXHUYECKNIA dhakynbTeT, r. Benrpaa, Cepbus,

[-p OpHecto [.P. CaHTnbaHe3 MoH3anes, YHuBepcuteT Tanbku, AenapTaMeHT NPOMbILLNEHHON UHXeHepuy, T. Tanbka, Yunu,

[-p Aparad MapuHkoBuY, BEPNNHCKWIA TEXHUYECKUIA YHUBEPCUTET, hakynbTeT MALUMHOCTPOUTESbHBIX U TPAHCMOPTHBIX
cuctem, r. bepnuH, Fepmanus,

[-p CredbaHo BansaHo, YHuBepcutet Kope OHHa, AenapTaMeHT aBUaLMOHHO UHXeHepuu, r. JHHa, UTtanus,

[-p Pachan MapoHxcku, YHusepcuteT LisnHaHb, LieHTp aHepreTuyeckux nccnenosaHnwii, r. lyaHuxoy, Kutai,

[-p AHa KocToB, MHCTUTYT rOpHOI NPOMBILLNEHHOCTM U MeTannypruu, 1. bop, Cepbus,

[-p Anekcanap [lopoxoB, HaumoHanbHbIN 3KOHOMUYECKUIA YHUBEPCUTET, kadbeapa MHOPMaLIMOHHbIX CUCTEM, . XapbKoB, YkpanHa,

[-p 3opaH MutpoBuy, baHs-Jlykckuii yHUBepcuTET, aneKkTpoTexHuYeckuin dbakynbTeT, r. bans-Ilyka, Penybnuka Cep6ekas, bul,

[-p Bykuua VoBaHoBWNY, Yuusepcutet Ong JomuHuoH, r. Hopgonk, CLUA,

[-p BosiH 3pHuy, Benrpaackuit yHuBepcuteT 060poHbl, BoeHHas akagemus, r. Benrpag, Cepbus,

[-p Munenko AHapuy, Benrpaackuii yuuepcuteT obopoHbl, BoeHHas akagemus, r. benrpag, Cepbus,

[-p Muxaen Byuyko, Benrpaackuit yHuBepcuteT o6opoHbl, BoeHHas akapemus, r. Benrpagn, Cepbus,

[O-p Camapmxut Kap, HaumoHanbHbIn TEXHONOIMYECKUIA MHCTUTYT, AenapTamMeHT matemaTtuku, r. Jypranyp, NHawns,

[-p Hukona ®abuaHo, benrpaackuii ynmepcutet, UHCTUTYT sgepHbix Hayk «BuHyax, r. benrpaa, Cepbus,

[-p Larnap Kapamaca, AHaTonuickuii yuusepcuteT, ®akynbTeT 4eN0BOro agMUHUCTPUPOBaHWUS, . ckuwexup, Typums,

[-p Pocen Mutpes, Coduiickuii TexHudeckuii yausepcuteT, 1. Codus, bonrapus,

[-p Myaacup VloyHuc, YHuBEpCUTETCKMIA TeXHONOrMYeckui MHCTuTyT-PITIB, r. Bxonan, NHaus,

[-p BosH Munanosuy, benrpaackuit yHuBepcuteT o60opoHsl, T. benrpaa, Cepbus,

[-p Apomup Mapec, YHuBepcuteT o6opoHsl B 1. BpHo, Yeluckas Pecny6nuka,

[-p Wpuk MyxameT3siHoB, YUMCKUIA rocyJapCTBEHHbIN HE(TAHON TEXHUYECKUIA YHUBepeuTeT, 1. Yda,
Poccuiickas depepauus.
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Abstract:

Introduction/purpose: Molodtsov introduced the concept of soft sets as a
new mathematical tool for dealing with problems containing uncertainties.
In the literature, different kinds of operations of soft sets are defined and
used in theory and applications.

Methods: This study is based on the paper "A New Operation on Soft
Sets: Extended Difference of Soft Sets" by Sezgin, Ahmad and Mehmood
[Journal of New Theory 27 (2019) 33-42].

Results: In this paper, we define a new operation on soft sets, called
extended symmetric difference and investigate its relationship between
extended symmetric difference and restricted symmetric difference and
some other operations of soft sets.

Conclusion: The author believes that the obtained results represent a
significant improvement of many known results in the existing literature.

Key words: Soft sets, intersection, union, difference, extended
symmetric difference.

Introduction

Problems with uncertainties are a major issue in many fields such as
economics, engineering, environment and so on. One of the theories that
deal with uncertainties is the soft set theory which was introduced by
Molodtsov in 1999 (Molodtsov, 1999) as a new mathematical tool. In the
soft set theory, the problem of setting the membership function does not
arise, which makes the theory easily applied to many different fields
including game theory, operations research, probability theory, and
measurement theory.
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In the literature, different kinds of operations of soft sets are defined
and used in the works on the soft set theory and its applications. Well
known operations of soft sets and their properties are given by Maji et al.
(Maji et al, 2003). However, some of these definitions and their properties
have a few gaps, aspointed out by Ali et al. (Aliet al, 2009) and Yang
(Yang, 2008). To make some modifications to the operations of soft sets
and fill in these gaps, Ali et al. (Ali et al, 2009), Cagman and Enginoglu
(Cagman & Enginoglu, 2010), Pei and Miao (Pei & Miao, 2005), and
Sezgin and Atagun (Sezgin & Atagun,2011) have made contributions.

In 2011, Sezgin and Atagun (Sezgin & Atagun, 2011) discussed the
fundamental theorems about operations of soft sets i.e; union and
intersection of soft sets and other operations, see (Perovi¢ et al, 2008). In
that paper, they defined union and intersection operations of soft sets
both with restricted and extended conditions but defined the difference
operation only with the restricted condition. In 2019, Sezgin, Ahmad and
Mehmood (Sezgin et al, 2019) defined the extended difference operation.

Here in this paper, we have defined a new operation on soft sets
called extended symmetric difference and also proved some of its
properties. Moreover, we have also proved the interesting results which
show the relationships between extended symmetric difference and other
operations. The main objective of this paper is to make the soft set theory
more effective and solid by enhancing the conceptual feature of
operations on soft sets. This paper is one theoretical study of soft sets.

Preliminaries

In this section, we recall some basic notions in the soft set theory.
Let U be an initial universe set and E; be the set of all possible
parameters under consideration with respect to U. The power set of U is
denoted by P(U) and A is a subset of E. Usually, parameters are
attributes, characteristics, or properties of objects in U. In what follows,
Ey (simply denoted by E) always means the universe set of parameters
with respect to U, unless otherwise specified.

Molodtsov (Molodtsov, 1999) defined the soft set in the following
manner:

Definition 2.1. (Molodtsov, 1999) Let U be an initial universe set, E be a
set of parameters, P(U) be the power set of U. A pair (F,E) is called a
soft set over U, where F is a mapping of E into the set of all subsets of
the set U.
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In other words, a soft set over U is a parameterized family of subsets
of U. For e € E, F(e) may be considered as the set of e-elements of the
soft set (F, E) or as the set of e-approximate elements of the soft set.

Definition 2.2. (Maji et al, 2003) For two soft sets (F,A) and (G, B) over
a common universe U, we say that (F,A) is a soft subset of (G,B),
denoted by (F,A) € (G, B), if it satisfies:

A CB,

«for all e € A, F(e) and G(e) are identical approximations.

Similarly, (F,A) is called a soft superset of (G,B) if (G,B) is a soft
subset of (F, A). This relation is denoted by (F,A) 3 (G, B).

Definition 2.3. (Maji et al, 2003) Two soft sets (F,A) and (G, B) over a
common universe U are called soft equal if (F,A) € (G,B) and
(F,A) 3 (G, B).

Definition 2.4. (Ali et al, 2009) The relative complement of a soft set
(F,A) is denoted by (F,A)" and is defined by (F,A)" = (F",A), where
F":A - P(U) is a mapping given by F"(e) = U\F(e), for all e € A.

Clearly, (F,A)" =U, —5 (F,A) and ((F,A)")" = (F,A). It is worth
noting that in the above definition of complement, the parameter set of
the complement (F,A)" is still the original parameter set A (Ali et al,
2009).

Definition 2.5. (Maji et al, 2003) A soft set (F,A) over U is said to be a
null soft set denoted by @, if for all e € A, F(e) = @ (null set).

Since some researchers are in some conflict about a null soft set
due to its notation, like others (Sezgin & Atagun, 2011), so we prefer to
use @, instead of @ for the null soft set of (F,A) as Ali et al. (Ali et al,
2009) used.

Definition 2.6. (Maji et al, 2003) A soft set (F,A) over U is said to be an
absolute soft set denoted by 4, if for all e € A, F(e) = U.

Note that we use the notation U, instead of A as in (Ali et al, 2009)
throughout this paper.
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Definition 2.7. (Ali et al, 2009) Let (F,A) and (G, B) be two soft sets over
a common universe U such that A N B # @. The restricted intersection of
(F,A) and (G, B) is denoted by (F,A) m (G,B) and is defined as (F,A) m
(G,B)=(H,C),whereC =AnBandforalle e C, H(e) = F(e) N G(e).

Definition 2.8. (Ali et al, 2009) Let (F,A) and (G, B) be two soft sets over
a common universe U such that A n B # @. The restricted difference of
(F,A) and (G,B) is denoted by (F,A) —% (G,B) and is defined as
(F,A) —¢ (G,B) = (H,C), where C=AnB and for all e€C, H(e) =
F(e)\G(e).

Definition 2.9. (Ali et al, 2009) Let (F,A) and (G,B) be two soft sets
over a common universe U such that A n B # @. The restricted union of
(F,A) and (G,B) is denoted by (F,A)Ug (G,B) and is defined as
(F,A)Ug (G,B) = (H,C), where C=ANnB and for all e€C, H(c) =
F(e)uG(e).

Definition 2.10. (Sezgin & Atagun, 2011) Let (F,A) and (G,B) be two
soft sets over a common universe U such that An B # @. The restricted
symmetric difference of (F,A) and (G,B) is denoted by (F,A) A (G,B)
and is defined as (F,A)A (G,B) = ((F,A)Ug (G,B)) —x ((F,A) m
(G,B)) = (H,(C), where C = AnB.

Definition 2.11. (Ali et al, 2009) The extended union of two soft sets
(F,A) and (G, B) over a common universe U is the soft set (H, C), where
C=AUB, andforall e €C;
F(e), e € A\B,
H(e) =<{G(e), e € B\4,
F(e)uG(e) e€e ANB.
We write (F,A) Ug (G,B) = (H,C).

Definition 2.12. (Ali et al, 2009) The extended intersection of two soft
sets (F,A) and (G,B) over a common universe U is the soft set (H, (),
where C = AU B, and for all e € C;
F(e), e € A\B,
H(e) =<{G(e), e € B\4,
F(e)nG(e) e€ ANB.
We write (F,A) Ng (G,B) = (H,C).
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Definition 2.13. (Sezginet al, 2019) The extended difference of two soft
sets (F,A) and (G,B) over a common universe U is the soft set (H,C),
where € = AU B, and for all e € C;
F(e), e € A\B,
H(e) =1G(e), e € B\A4,
F(e)\G(e) e€e ANB.

Thus, the relation is shown by (F,A) ~¢ (G,B) = (H, C).

Extended symmetric difference

For the fundamental properties and theorems related to operations
of soft sets such as restricted union, extended union, restricted
intersection, extended intersection, restricted difference, extended
difference, we refer the readers to the papers Ali et al. (Ali et al, 2009),
Cagman and Enginoglu (Cagman & Enginoglu, 2010), Pai and Miao (Pei
& Miao, 2005), Sezgin and Atagun (Sezgin & Atagun, 2011) and Sezgin,
Ahmad and Mehmood (Sezgin et al, 2019).

Now we are ready to give the definition of extended symmetric
difference of soft sets and its basic properties.

Definition 3.1. The extended symmetric difference of two soft sets (F, A)
and (G, B) over a common universe U is the soft set (H,C), where C =
AU B, andfor all e € C;

F(e), e € A\B,

H(e) =1G(e), e € B\A,
F(e)AG(e) e€e ANnB.
Thus, the relation is shown by (F,A) A¢ (G,B) = (H,C).

Example 1. Let E be the universe set of parameters, A and B be the
subsets of E such that

E ={ey,e;5e3,e4,6565), A={eeyes6}, B ={eeyes e}

Let (F,A) and (G, B) be two soft sets over the same universe U =
{hq, hy, h3, h,} such that

(F,A) = {(eq,{h1, h3}), (e2,{h1}), (€5, {h2, h4}), (€6, {h1, ha})},

(G,B) = {(e1, {h4}), (€4, V), (es, {h1, h2, hu}), (€6, {hy, h2 D)}
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Now let us determine (F,A) A¢ (G,B) = (H,A U B), where
F(e), e € A\B,
H(e) = {G(e), e € B\4,
F(e)AG(e) e€eANB,
for all e€e AUB. Since A\B = {e,}, B\A ={e,} and AN B = {ey, 5,64},
then,
(F'A) AS (G'B)
= {(e2,{h1}), (€4, U), (e1, {hy1, h3, ha}), (es, {R1}), (€6, {h2, ha})}-

Theorem 3.2. The properties of the extended symmetric difference (Ag)
operation

(@) (F,A) Ag @4 = (F, A).

(b) (F,A) Ag (F,A) = D,.

(¢) (F,A) A¢ (G,B) = (G,B) &g (F, A).

(d) ((F,A) &g (G,B)) Ag (H,C) = (F,A) &g (G, B) Ag (H, ©)).

(e) (F,A) Ag (G,B) = ((F,A) ~¢ (G,B)) Ux ((G,B) ~¢ (F,A4)).

(f) (F,A) Ag (G, B) = ((F,A) Ug (G,B)) ~¢ ((F,A) m (G, B)).

(9) (F,A) Ag (G,B) = ((F,A) Ug (G,B)) ~¢ ((F,A) Ng (G, B)).

Proof.
() Letd, = (S,4) and (F,A) Ag @4 = (F,A) Ag (S,A) = (H,A) where
F(e), e € A\4,
H(e) =<S(e), e € A\4,

F(e)AS(e) e€eANA,
foralle e AU A.
Since S(e) = @ for all e € AU A4, it follows that F(e) A S(e) = F(e) A
@ = F(e). This means that F and H are the same mappings. This
completes the proof.

(b) Let (F,A) &g (F,A) = &4 = (H,A) where
F(e), e € A\4,
H(e) =<F(e), e € A\A,
F(e)AF(e) e€ANA,

foralle e AU A.
Hence, F(e) A F(e) = @ = H(e). This completes the proof.

(c) Let (F,A) A¢ (G,B) = (H,AU B) where
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F(e), e € A\B,
H(e) = {G(e), e € B\A4,
F(e)AG(e) e€eANB,
foralle €e AUB.

Since,
F(e), e € A\B, G(e), e € B\4,
H(e) ={G(e), e € B\A, =<{F(e), e € A\B,
F(e)AG(e) e€eANB, G(e) AF(e) e€BNA,

foralle e AUB = B U A, it follows that (H,B U A) = (G,B) A¢ (F,A).

(d) The proof can be illustrated by similar techniques used to prove (a),
(b) and (c), and is therefore omitted.

(e) For the left-hand side of the property, let (F,A) A¢ (G,B) = (H,AU B),

where
F(e), e € A\B,
H(e) =<G(e), e € B\4,
F(e)AG(e) e€ANB,

foralle € AUB.
For the right-hand side of the property, let (F,A) ~¢ (G,B) = (I,AU

B), where
F(e), e € A\B,
I(e) =<G(e), e € B\4,
F(e)\G(e) e€ ANB,
for all e € AU B. Suppose that (G,B) ~¢ (F,A) = (J,AU B), where
G(e), e € B\4,
J(e) =<F(e), e € A\B,
G(e)\F(e), e€e AnB.
Assume that, (I,AUB) U (J,AUB) = (K,(AUB) n (AU B)), where
K(e)=1(e)Uj(e)forallee (AUB)N(AUB) =AUB.
Now, we have
I(e)u]j(e), e€A\B,
K(e) =<51(e)U]j(e), e €B\A,
I(e)uj(e), e€eANB,

F(e) UF(e), e € A\B,
=<:G(e)uUG(e), e € B\A4,
(F(e)\G(e)) U (G(e)\F(e)), e€ANB,
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for all e€e (AUB)U(AUB)=AUB. It shows that H and K are the
identical mapping when we are assuming the attributes of operations
about the set theory. Hence the proof is completed.

(f) For the left-hand side of the property, let (F,A) A¢ (G,B) = (H,AU B),

where
F(e), e € A\B,
H(e) =4G(e), e € B\4,
F(e)AG(e), e€eANB,

for all e€e AuB. For the right-hand side of the property, let
(F,A) Ug (G,B) = (I,AU B), where

F(e), e € A\B,
I(e) =1G(e), e € B\A4,
{F(e)UG(e), e €ANB,
for all e€e AUB. And suppose that (G,B) m (F,A) = (J,An B), where

J(e) =A(e)nB(e) foralle e ANB.
Assume that, (I,AUB) ~¢ (J,ANnB) = (K,(AUB) U (AN B)), where

I(e), e € (AUB\ANB), ;g ¢ E ‘;&'
K(e) =<](e), e€ (ANB)\(AUB), = ](e)’ - ’
I(e)\J(e), e€e (AUB)N (ANB), I(e)'\](e), i A’n B,
i.e.
F(e), e € A\B,
K(e) =4{G(e), e € B\4,
(F(e)uG(e)\(F(e)nG(e)), e€EANB,
F(e), e € A\B,
=<G(e), e € B\4,
F(e)AG(e), e ANB,

for all ee (AUB)U(ANB)=AUB. This leads that H and K are the
identical mapping. Hence this completes the proof.

(g) For the left-hand side of the property, let (F,A) A¢ (G,B) = (H,AU B),
where
F(e), e € A\B,
H(e) =<G(e), e € B\4,
F(e)AG(e), e€eANB,
foralle € AUB.

For the right-hand side of the property, let (G,B) U (F,A) = (,AN
B), where I(e) = A(e) UB(e) foralle € AN B.
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And suppose that (F,A) Ng (G,B) = (J,A U B), where
F(e), e € A\B,
J(e) =<G(e), e € B\A4,
F(e)nG(e), e€e ANB,
foralle € AUB.
Assume that, (I,ANB) ~¢ (J,AUB) = (K,(An B) U (AU B)), where

1(e), e EQ,
I(e), e € (ANB)\(AUB),
K(e) = {J(e), e € (AUB\ANB), = ﬁg ¢c ;‘iﬁ'
I(e)\J(e), ee (AnB)N (AUB), . ’

I(e)\J(e), e€ANB,

l.e.
F(e), e € A\B,
K(e) ={G(e), e € B\4,
(F(e)uG(e)\(F(e)nG(e)), e€eANnB,
F(e), e € A\B,
={G(e), e € B\4,

F(e)AG(e), e€eANB,
foralle€e (AUB)U(ANB)=AUB.

This leads that H and K are the identical mapping.
Hence this completes the proof.

Now we will illustrate Theorem 3.2.(parts (e) and (f)) with a
corresponding example.

Example 2. Let E be the universe set of parameters, A and B be the
subsets of E such that

E ={ej, ey €34 6565}, A={eezes5¢65}, B={eyeyes6€}
Let (F,A) and (G,B) be two soft sets over the same universe U =
{hq, hy, h3, h,} such that

(F,A) = {(e1, {h1, h3}), (€2, {h1}), (es, {h2, ha}), (€6, {he, ha})},

(G, B) = {(e1,{h4}), (€4, U), (es, {hy1, hy, hs}), (€6, {he, R D}
Now let us determine (F,A) A¢ (G,B) = (H,A U B), where

F(e), e € A\B,
H(e) =<G(e), e € B\4,
F(e)AG(e) e€eANB,
foralle € AUB.
Since A\B = {e,}, B\A = {e,} and AN B = {e;, e5, ¢}, then,
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(F,A) A (G, B)
= {(e2, {11 }), (s, U), (e1,{h1, h3, ha}), (es,{h1}), (€6, {2, ha})}.
On the other side, we can easily determine that it is
g(F 1A) ~¢ (G, B)) = {(e2, {M1}), (es, U), (e1, {h1, h3}), (€5, B}), (€6, {Ra})},
an
((G,B) ~¢ (F,A)) = {(ez,{h1}), (€4, U), (e1, {h4}), (€5, {1 }), (€6, {ha D)}
Based on Definition 2.9. we have that
((F,A) ~¢ (G,B)) Uz ((G, B) ~¢ (F, A))
= {(e2,{h1}), (€4, U), (e, {hy, h3, hs}), (es, {R1}), (€6, {ho, ha})}-
Therefore, (F,A) A¢ (G,B) = ((F,A) ~¢ (G,B)) Uz ((G,B) ~¢ (F,A)).
Similarly, we can easily determine that it is
((F,A) Ug (G, B))
= {(e2,{h1}), (es, U), (e1, {h1, h3, ha}), (es, {1, ha, ha}), (e, {he, ho, ha D},

and
((F' A) m (G'B)) = {(61, (D)' (65'{h2'h4})' (e6'{h1})}'
Based on Definition 2.13. we have that
((F,A) Ug (G,B)) ~¢ (F,A) m (G,B))
= {(e2, {h1}), (€4, U), (e1,{hy, h3, hy}), (es,{h1}), (€6, {ha, haD)}-
Therefore, (F,A) A¢ (G,B) = ((F,A) Ug (G,B)) ~¢ ((F,A) m (G, B)).

Conclusion

In this paper, we have illustrated a brief analytical review of
operations of soft sets. We have defined the extended symmetric
difference of soft sets and also proved some of its properties. Moreover,
we have shown the relationship between extended symmetric difference
and some other operations of soft sets.
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HOBAA OMEPALIMA HAL MATKWMNMHO>XXECTBAMMW:
PACLUMPEHHAA CUMMETPUYECKAA PASHOCTb MAMKMNX
MHOXECTB

Hexad C. CmosiHosuY

KparyeBaukuin YHUBEPCUTET, €CTeCTBEHHO-MaTeMaTUYeckuin hakynbTeT,
r. Kparyesau, Pecnybnuka Cepbus

PYBPWKA TrPHTW: 27.00.00 MATEMATWKA:
27.17.00 Anrebpa;
27.17.21 CTpyKTYyphI

BWO CTATbW: opurmHanbHas Hay4yHas cTaTbs

Pesome:

BeedeHue/uennb: [H.A. Monodyos npedcmasun KOHUENUUI Ms2KuX
MHOXEeCm8 8 Ka4ecmee Ho8020 MamemMamu4ecko2o UHcmpymeHma onsi
peweHusi 3aday, codepxauwux HeoripedeneHHocmu. B numepamype
onpederneHbl pasfiuyHbie 8ulbl onepayuli Had MSe2KUMU MHOXecmeamu,
Komophbie UCIOrnb3ymcs 8 meopuu U Ha rpakmuke.

Memoosi: [aHHasi cmambsi ocHogaHa Ha uccriedosaHuu Ce3auHa,
Axmada u Mexmyda «Hoeas onepayusi Ha0 Ms2KUMU MHOXecmeamu:
pacwupeHHasi pa3Hocmb Msi2kux MHoxecmey [Journal of New Theory
27 (2019) 33-42].

Pesynbmamel: B daHHOU cmambe rpedcmassieHa Hoeasi oriepayusi
Had  MseKUMU  MHOXecmeamu, Hasbigaemasi  pacWupeHHOU
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CUMMeMmpPUYECKOU pasHOCMbIO, @ Mmakxe pe3yibmamal UcCiedo8aHusi
83aUMOCBSs3U Mex0y paclupeHHOU CUMMempudYecKol pa3HoOCMbio U
O2paHU4YeHHOU CUMMEeMmPUYECKOU pasHOCMbO U  HEKOMOPbIMU
Opyaumu ornepayusiMu MsieKUx MHOXecms.

Bbigodbl: Aemop cyumaem, 4mo OflydeHHblE UM  pe3yribmamebl
npedcmaesisirom 3Ha4yumersibHbIl 8Kad e uccriedyromyro obrnacme.

Knroyeesble crioga: Msigkue MHOXecmea, riepece4eHue, o0bbeduHeHue,
pa3HoCmb, pacllupeHHas cuMmmempu4yecKas pa3HoCmb.
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HOBA OIMNEPALINJA CO®T CKYTOBA: HbNXOBA MNMPOLINPEHA
CUMETPUYHA PASJTINKA

Henad C. CtojaHoBuh

Ynusepautet y Kparyjesuy, MNpupogHo-matematuyky dakynrtert,
KparyjeBau, Peny6nuka Cpbuja

OBJIACT: maTtemaTtuka
BPCTA UJTIAHKA: opuruHanHu Hay4yHu pag

Caxemak:

Yeod/uurb: Mornodcoe je npedcmasuo KOHUENmM coghm cKyrna Kao Ho80
MameMamuyko cpedcmeo 3a pewasarbe rnpobriema y Kojuma ce jasrba
HeusgecHocm. Y niumepamypu Cy pasfudume epcme ornepauyuja cogpm
cKyrosa OecbuHucaHe u KopuwheHe y meopuju U pasnuyuUMuM
obnuyuma npumeHa.

Memode: Oseaj pad 3acHoeaH je Ha pady ,Hoea onepauuja cogpm
CKyrosa: rpowupeHa pasnuka cogpm ckyrioga” aymopa Ce3sauHa,
Axmada u Mexmyda [Journal of New Theory 27 (2019) 33-42].
Pesynmamu: JecbuHucaHa je Hoga onepauyuja coghm cKyroea, Koja ce
Has3uea rfpowupeHa cuMempu4Ha pasfuka. VicmpaxeHa je ee3a
usMeRy npowupeHe U OepaHUYeHe CUMEMPUYHE pasfiuke U HEeKUx
Opyeux onepauuja cogbm cKyrnosa.

Sakrbyyak: Aymop eepyje Oa OobujeHu pe3ynmamu rpedcmasrbajy
3HauajaH dorpuHoc docadaliHuM rMo3HamumM pesynmamuma.

KrbyuHe peuu: cogpbm CKyrnosu, npecek, yHuja, passuka, npouwupeHa
cumempuy4Ha passiuka.

Paper received on / [lata nonyyexus pabotsl / atym npujema ynaxka: 23.08.2021.
Manuscript corrections submitted on / [lata nony4eHus ncnpaeneHHon sepcun paboTtsl /
[atym poctaBrbana ncnpasku pykonuca: 03.10.2021.

Paper accepted for publishing on / [lata okoH4YaTenbHOro cornacoBanus pabotbl / Jatym
KOHa4YHOr NpuxBaTaka YnaHka 3a objaBrbmBare: 04.10.2021.
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Abstract:

Introduction: Anti Tank Ground Missiles (ATGMs) are one of the most
efficient weapon systems to counter armored and mechanized units.
Procurement of these weapons is imperative for armed forces of any
country. Adequate evaluation and choice of an efficient ATGM system is a
very important factor which affects operational capabilities of armed forces.
The purpose of this paper is to present that multi criteria methods can be a
useful tool for optimal procurement of ATGMSs for armed forces.

Methods: The implementation of the TOPSIS (Technique for Order
Preference by Similarity to Ideal Solution) and the MABAC (Multi Attributive
Border Approximation Area Comparison) multi criteria methods will be
proposed for decision makers to solve the problem of ATGM procurement.
In this paper, four models of ATGMs will be proposed as possible solutions.
These ATGMs will be presented as alternatives Al, A2, A3 and A4.

Results: The implementation of the methods in this paper has led to the
conclusion that the alternative A2 has the highest value and therefore the
best course of action for decision makers is to chose procurement of this
model of ATGMs.

Conclusion: The conclusion is that the mathematical models of multi-criteria
decision making presented in this paper unequivocally point to the
alternative with the best characteristics, thus presenting extremely useful
tools for decision makers.

Key words: TOPSIS, MABAC, weapon system procurement, multi-
criteria decision making.
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Introduction

Anti Tank Ground Missiles (ATGMs) represent one of the most
efficient weapon systems present in armed forces globally. The primary
purpose of these systems is anti armor defense, as well as partial anti air
defense against low flying targets (helicopters and unmanned aerial
vehicles). High hit probability and long range of engagement place these
systems among the most deadly battlefield threats to armor units.

Regarding the fact that procurement of ATGMs represents one of the
imperatives for equipping armed forces, the most optimal selection of
ATGMs is one of the most challenging tasks for state decision makers, i.e.
officials of the Defense Ministry.

Operational research as a basic management discipline based on
mathematical formalism, with multi criteria methods as fundamentals for a
decision making process, represents a solution for the ATGM procurement
problem.

The objective of this paper is to present the capabilities of the multi
criteria model as a comprehensive method for a decision making process
where there is a need to select the most optimal solution.

In order to represent the complexity of the ATGM procurement
problem, the first part of this paper will give a short history of ATGM
development as well as the ATGM basic tactical and technical
characteristics. The tactical and technical characteristics of ATGMs
represent just a small portion of criteria included in the decision making
process. All criteria which are in accordance with the adopted national
defense doctrine must be included. Also, one of the crucial criteria is the
cost-effectiveness criterion.

The ATGMs which will be described in this paper are fictional. Their
specifications are approximate to real weapon systems in usage. The data
for ATGMs are collected by accessing available reference documents
primarily by the examination of official manufacturers’ weapons
specifications. As we already mentioned, the presented data will be
partially changed in order to avoid similarity with actual weapon systems.

In the second part of this paper, the TOPSIS & MABAC multi-criteria
methods will be explained. These methods will be employed as a decision
making tool for the ATGM procurement.

The motivation for selecting the TOPSIS and MABAC methods is
justified by fact that these methods are comprehensive and represent one
of the latest and most advanced scientific methods in the decision-making
process.
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ATGM development history and basic characteristics

The ATGM development started at the end of WWII in Nazi Germany.
Primarily, it was the Ruhrstahl X-7(Rotkappchen —,Little Red Riding
Hood"). The guidance method was manual, meaning that the operator was
guiding a missile by the guidance panel with the joystick. After a missile is
launched, the operator follows the missile and in the same time the
operator follows the target (e.g. armored vehicle). With the command stick,
the operator corrects the flight of the missile until it hits the target. The
explained method is described as “Three-point guidance method”
(operator’s eye, missile, target) or, in Western literature, as MCLOS
(Manual Command to Line of Sight). A typical example of this ATGM
generation is the 9M14 Malyutka (Russian: MantoTka; "Little one", NATO
reporting name: AT-3 Sagger). The main characteristic of the first
generation of ATGMs was long-lasting and complex training. The combat
effectiveness of these ATGMs was approximately 25% during the Arab-
Israel conflict in 1973.

-ﬁﬂilary-‘l‘oday.cum

Figure 1 — 9M14 Malyutka (AT-3 Sagger), (Military-Today, 2021)
Puc. 1—-9M14 «Mamomka» (Military -Today, 2021)
Cnuka 1 - 9M14 ,Marsymka ” (Military -Today, 2021)

The two-point guidance method (operator’s eye and target) is used in
the second generation of ATGMs. After a missile is launched, this
guidance method enables the operator to only constantly track a target
with crosshairs (without following the missile flight), while the automatic
system (the guidance block) processes and sends appropriate commands
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to the missile and therefore guides the missile to the target. The
communication with the guidance block is conducted by wire or by radio
waves. Typical examples of this generation ATGMs are: MILAN, 9K111
,FAGOT“(NATO reporting: AT-4 Spigot), BGM-71 TOW, and ,BUMBAR" —
developed and produced in Serbia. The examples are given in Figure 2.

Figure 2 — Second generation ATGMs: MILAN, BGM-71 TOW (upper section); 9K111
FAGOT" and ,BUMBAR*(lower section)
Puc. 2 — lTYP emopoeo nokoneHus: MILAN, BGM-71 TOW (sepxHuti psd); 9K111
«DAIOT» u «BYMBAP» (HuxHul psod)
Cnuka 2 — lTOBP dpyee eeHepayuje: MILAN, BGM-71 TOW (2opru ped); ,PAFOT" u
,BYMBAP” (Ooru ped)

The two-point guidance method is also employed on ATGMs guided
by a focused beam (usually a laser beam) where a missile itself has an
installed system which provides “riding a missile on a beam” and therefore
there is no need for wire communication with the launching platform. The
typical examples of this generation ATGMs are the 9M133 Kornet and the
9M119 Svir/Refleks (booth manufactured in Russia). The hit probability of
the second generation of ATGMs is about 90%.
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The third generation of ATGMs completely employs an automated
guidance system. In Western literature, this system is designated as a
“Fire and Forget” system. The operator selects a target and after launching
the automatic system tracks the target and guides the missile to the target.
The typical example of the third generation of ATGMs is the 9M133M
Kornet-M. The automated system conducts the target tracking and focuses
the laser beam to a target, which is used to guide a missile. This ATGM
presents an improved version of the second generation of the 9M133
ATGM. The launching platform is capable of tracking two targets
simultaneously. Besides anti-tank engagement, the system is intended for
low altitude anti-aircraft defense (e.g. against unmanned aerial vehicles).
The 9M133M Kornet-M ATGM is presented in Figure 3. The photo
represents a Kornet D variant which is capable of carrying 8 missiles (with
additional 8 in reserve) on the GAZ 2975 all-terrain vehicle.

D N
NN

Figure 3 -9M133M Kornet-M ATGM on the Kornet D platform
Puc. 3—TTYP 9M133M «KOPHET-M» Ha nnamgopme «KOPHET [»
Cnuka 3 — [NTOBP 9M133M ,KOPHET — M” Ha ,KOPHET [” nnamgopmu

The FGM-148 Javelin ATGM, manufactured by Raytheon
Technologies, USA, represents one of the most sophisticated combat
systems. One of the distinctive characteristics featured in this combat
system is ability to attack the target from above where the upper armor is
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much thinner than the frontal armor, thus significantly improving target
destruction probability.

This missile employs a section designated as a Seeker section. The
seeker section consists of an imaging infrared system (I2R) and a contact
fuse for warhead detonation. The I12R system provides the Fire and Forget
capability. During the missile flight, the 12R system tracks a target and
provides data to the electronic unit installed in the missile. Figures 4 and 5
show the target acquisition. After locating a target, the operator turns on
the narrow field of view which engages track gates and crosshairs
projected in intervals, indicating that the seeker is detecting target thermal
reflection, or so called “target lock”.

TRACK GATES

Figure 4 — Target thermal reflection detection — “Target lock”
Puc. 4 — Tennosoe obHapyxeHue VIK ompaxeHusi- «3aKkpbimas MUulleHb»
Cnuka 4 — [lemekmoegar-e UHhpaupeeHoez o0pasa — ,3ak/byyasame” yurba

When the strongest thermal reflection is detected, the track gates and
the crosshairs become solid, which is the indication that the target is
“locked”, i.e. the firing conditions are fulfilled and the system is ready to
launch a missile (Figure 5).
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CROSSHAIRS

Figure 5 — Target “Locked” firing conditions fulfilled; system ready to launch a missile
Puc. 5 — Ycnosusi cmpenbbbi o «3akpbimol MUWeHU» 8bIrnoIHEeHbI
Cnuka 5 — lurb ,3aKkrbydaH” — ycrosu 3a ealjame ucryHeHu

ATGMs are equipped with a warhead which destroys a target with an
explosion cumulative effect'. A cumulative explosion effect represents
focusing energy to a surface smaller than the outer surface of the explosive
charge. Energy accumulation is created by a proper shape of the explosive
charge. If the outer surface is shaped with a cone cavity (so called
cumulative cavity), detonation products are focused in the center of the
cavity. In that manner, energy accumulation is created on a smaller surface
and therefore the effect of a larger magnitude is created.

The coating of the cumulative cavity also increases penetration
capability. For the coating, the most used metal is copper, but steel can
also be used as well as sintered metals. Figure 6 shows the formation of
a cumulative beam while a cumulative beam formation radiograph is
presented in Figure 7.

1 In Western literature, the term shaped-charge is used.
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a b C d_

Figure 6 — Forming of a cumulative beam (1 — detonation wave; 2 — secondary beam; 3 —
primary beam)
Puc. 6 — ®opmuposaHue KymynsimugHozo cHapsida (1 — 0emoHayuoHHas 80sHa; 2 —
emopuyHas cmpys; 3 — nepeuyHasi cmpys)
Crniuka 6 — @opmupare KyMyrnamueHoe miasa (1 — demoHayuoHu manac; 2 —
ceKyHOapHU mnas; 3 — npuMapHU mnas)

Figure 7 — Cumulative beam formation radiograph
Puc. 7 — PeHmeeHoepamMma KyMynsimugHo20 ¢hopMuposaHusi cmpyu
Cnuka 7 — PeHOz2eHoepaghCcKu CHUMaK KyMyamueHoa Miia3a y chopmuparsy

Modern ATGMs employ a so-called tandem-cumulative warhead?
which is capable of forming two cumulative beams following each other.
These beams are formed by two separated cumulative cavities. The
purpose of the primary beam is to activate Explosive Reactive Armor

2 In Western literature, the term tandem-charge is used.
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(ERA)3, and then the secondary beam penetrates the main armor. Modern
third generation ATGMs penetrate more than 1,300 mm of homogenous
armor behind ERA.

One of important characteristics of ATGMs is missile velocity. ATGM
velocity is usually measured in meters per second (m/s) and it is ranged
from 120 m/s (First generation ATGM e.g. 9M14 Malyutka) up to 300 m/s
(Third generation ATGM e.g. ATGM 9M133M Kornet-M). It is evident that
missile velocity is an important characteristic considering battlefield
multiple targets engagement. From the previous example, it can be
noticed that the third generation of ATGMs has the velocity almost twice
as high as that of the first generation. Let us have an example when the
operator locates two targets at a range of 2400 meters. For the guidance
of the first generation of ATGMs, the operator needs approximately 20
seconds. For the guidance of the third generation of ATGMSs, the operator
needs approximately 8 seconds. This means that the operator armed with
a third generation ATGM has enough time to destroy two targets, unlike
the operator armed with a first generation ATGM.

The ATGM range of engagement is also an important characteristic.
The ATGM range of engagement is form 3000 meters for the first
generation ATGMs (e.g. 9M14 Malyutka) up to 8000 meters for the third
generation ATGMs (e.g. 9M133M Kornet-M).

Regarding ATGM procurement for armed forces, the price of ATGMs
is a factor which must be considered in conjunction with economic
capabilities of the armed forces in question. Also, the ATGM weight must
be considered in conjunction with armed forces transportation capabilities,
as well as with the mobility of units armed with ATGMs.

In modern armed conflicts, electronic warfare (EW) is employed
through system jamming, so electronic counter-countermeasures (ECCM)
must be implemented, which for ATGMs can be expressed as jamming
resistance. Besides jamming resistance, reliability is demanded for
weapon systems.

Based on the previously mentioned ATGM development history and
the presented tactical & technical characteristics, the following criteria
should be taken into account when procuring ATGMs:

— Engagement range,
— Hit probability,

-  Weight,

—  Price,

3 Explosive Reactive Armor consists of explosive plates whose purpose is to disrupt a
cumulative beam thus preventing armor penetration.
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— Training simplicity,

— Reliability,

— Jamming resistance, and
— Missile velocity.

Multiple-criteria decision process

In the previous chapter, the problem of ATGM procurement for armed
forces has been presented. Finding an optimal solution, i.e. the decision
making process and the selection of the “best” alternative, is based on
multiple criteria and on series of limitations. The concerned criteria can be,
by their nature, very diverse, and expressed in different units of
measurement, from currency followed by physical units of measurement
to subjective assumptions measured by a scale formed for a problem in
guestion. Therefore, a final, unique solution cannot be determined without
the patrticipation of a decision maker. A decision maker must decide on a
particular solution. The solution adopted by the decision maker is
designated as the best or the most preferred solution. The task of multiple-
criteria decision process is to provide assistance to the decision maker to
select the best solution in the given conditions. Therefore, efforts made for
solving multiple-criteria problems are designated as a multiple-criteria
decision analysis.

The problems of multi-criteria optimization are characterized by:

— Presence of multiple criteria (objective function, criteria function)
for decision making,

— Presence of multiple alternatives (solutions) for the selection,

— Presence of a designing process or solution selection,

— Presence of conflicts between the criteria, which is the most
common case in real life problems,

— Incomparable units of measurement for different criteria, and

— Selection process of one final solution, which can be presented as
a design of an action (alternative), or a selection of one particular
action from the previously defined convolution of final actions.

There are many multiple-criteria decision process methods which
have common aspects. The characteristic terms which occur in these
methods are:

— Alternatives — represent selections of different actions which are

available for a decision maker. The convolution of alternatives

801

Pamucar D. et al, Multiple-criteria model for optimal anti tank ground missile weapon system procurement, pp.792-827



ﬁ* VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2021, Vol. 69, Issue 4

implies limited convolution, ranging from a few to a few hundreds.
It is assumed that alternatives are verified, prioritized and in some
cases ranked.

Multiple attributes — different designations of attributes are
“objectives” or “decision criteria” and represent different
dimensions for which alternatives can be observed.

Criteria conflict — different criteria represent different dimensions
which can be in conflict.

Incomparable units of measurement — different criteria can be
linked with different units of measurement.

Decision magnitude — most methods of the multiple-criteria
decision process demand assignment of the weight criteria in
accordance with their importance. Usually, these weights are
normalized so that their sum equals one.

Decision matrix — the multiple-criteria decision process can be
represented in the form of a matrix. The decision matrix (mxn) is a
matrix in which the element a;represents the characteristics of the
alternative Aiwhere (i=1,2,..., m), when the alternative A; is valued
in accordance with the decision criteria C; (j=1, 2, ..., n). Also, it is
presumed that the decision maker has assigned the weight
criterion w; (j=1, 2, ..., n).

Multiple-criteria decision methods are employed in multiple disciplines
and can be used in problem solving for any decision making process with
multiple criteria. We well cite only a fraction of areas in which multiple
criteria decision methods are employed:

application in cargo distribution companies (Adar& Delice, 2019)
healthcare waste treatment technology selection (Adar& Delice,
2020)

menu evaluation (Arsic et al, 2019)

decision making: applications in management and engineering
(Bozanic et al, 2020b)

evaluating sustainable transportation systems (Muhammad et al,
2021)

sustainable city logistics planning (Alosta et al, 2021)
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evaluation of the performance of deposit banks (Aycin & Orgun,
2019)

supplier selection (case study in pharmaceutical supplying in
Libya) (Badi & Ballem, 2018)

efficiency of the social media (Bobar et al, 2020)

supporting decision making in the army (Bozani¢ et al, 2020a)
evaluating locations for river crossing (Bozani¢ & Pamucar, 2010)
ranking potential locations for preparing laying-up positions
(Bozani¢ et al, 2016a)

selection of the location for construction, reconstruction and repair
of flood defense facilities (Bozani¢ et al, 2019a)

selection of a location for the construction of a single-span bailey
bridge (Bozanic et al, 2019b)

proposal for an optimal location of emergency operation centers
(Di Matteo et al, 2016)

support a decision making process of force deployment in a
defense operation (Bozanic et al, 2016b)

support a decision making process of force deployment in a
defense operation (Pamucar et al, 2016)

selecting a location for wind farms (Gigovic¢ et al, 2017)

selection of the railroad container terminal (Milosavljevi¢ et al,
2018)

selection of transport and handling resources in logistics centers
(Pamugar & Cirovi¢, 2015)

optimal off-road vehicle selection for passenger transportation
(Pamucar & Savin, 2020)

sustainable selection of a location for the development of a
multimodal logistics centre (Pamucar et al, 2018b)

evaluating the work of advisors in the transport of hazardous goods
(Pamucar et al, 2019)

evaluation of level crossings (Pamucar et al, 2018a)

selecting an airport ground access mode (Pamucar et al, 2020)
survey on military operations of the fuzzy set theory and its
applications (Deveci et al, 2020a)
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— comparison of two fuzzy multi criteria decision methods for
selecting a potential airport location (Belbag et al, 2013)

— comparative analysis of fuzzy multi-criteria decision making for
selecting a location for a textile plant in Turkey (Demirel et al, 2016)

— wind farms site selection (Deveci et al, 2020b) and (Deveci et al,
2021).

Description of multiple-criteria decision methods used
in the decision making process for the problem in
guestion

The methods of multiple-criteria decision making which will be used
for finding the best solution are the TOPSIS n MABAC methods:

The TOPSIS (Technique for Order Preference by Similarity to Ideal
Solution) method was developed by Hwang and Joon. This method implies
ranking alternatives by multiple criteria based on the comparison of
distances from the ideal solution and the negative ideal solution. The ideal
solution minimizes the cost based criteria and maximizes the benefit type
criteria, while for the negative ideal solution the opposite rule is implied.

The TOPSIS consists of six steps. Prior to the presentation of these
steps, the terms to be used will be defined. In this method, the decision
matrix R is used, where every alternative is matched by one row and every
column is matched by one criterion. The element 7, represents the
alternative performance A; related to the criterionC;. For m criteria

(C4,C5...,C,) and n alternatives (44,4,...,4,), the matrix R has the following
form:

Al rll T12 Tlm
R = Ay (121 T2 o Tom
An Tnl rnz Tmn

and the values (w,,w,...,w,;,) represent the weight values of the criteria.
The weight of the criteria must be in compliance with the condition};}- ; w;.

Step 1 Decision matrix values normalization. In the majority of

multiple-criteria decision methods, the first step is decision matrix
elements normalization in order to get a matrix in which all elements are
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un-dimensional values. In the TOPSIS method, vector normalization is
applied, represented by expressions (2.1) and (2.2).

Tij

Xij = , for the "benefit" type criteria (2.2)

?:17"1‘21‘
After normalization implementation, the X matrix is obtained in which
all elements are normalized and are in the interval[0, 1] .

Al x11 x12 xlm
X =42(¥21 Yoz o Xom 2.2)
Ay l*n1 Xn2 - Xmn

Step 2 Multiplication of the X matrix normalized values with the weight
criteria coefficients.

Vi = X5 W ,] =12..,m (23)

With relation (2.3), the elements of the weight normalized matrix V =
(vg), are obtained, where every v, is a product of the normalized
alternative performance and the appropriate criterion coefficient.

Al V11 V12 v VUim Al Wi Xq9qW3 " Xq2-Wp " Xim

V= Az (Va1 Va2 o Vam| _ Ap|W2r X1iWar Xpp Wit Xom

A, Vn1 Vn2 - VUmn A, W1t XuaW2 ' Xpg W ® Xpm
(2.4)

Step 3. Determination of ideal solutions. The ideal solution A*and the
negative ideal solution are obtained by the following relations:

A" ={(maxv;; |j € G),(miny, [j € G),i =1,...,n} = {v],v3, .., v;,}) (2.5)
A" ={(minv; |j € G),(maxvy |j €G),i =1,..,n} = {vi,v5, ..., v} (2.6)
where:

G = {j = 1,2, ...m|japertaintocriteriawhicharemaximized}

G' = {j = 1,2, ...m|japertaintocriteriawhichareminimized}
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The best alternatives are those which have the biggest v, relative to
the criteria which are maximized and the smallest Vg relative to the criteria

which are minimized. A* indicates the best alternative (the ideal solution),
and, using the same logic, A" indicates the negative ideal solution.

Step 4 Determination of alternative distances from the ideal solution.
In this step, using the following relations:

. N2 .

Si = Z?:1(Vij - Vj) yJi=1,..,n (2.7)
- N2 .

ST=Y"(vij—v7) ,i=1,..,n (2.8)

n dimensional Euclid distances are calculated of all alternative distances
from the ideal solution and from the negative ideal solution.

Step 5 Determination of relative alternatives proximity to the ideal
solution. For each alternative, relative distance is determined:

Q; = si"—.s-‘ : i=1,..,n (2.9)

where 0 < Q; < 1. The alternative 4; is closer to the ideal solution if Q;" is
closer to the value of 1, or, which is the same, if S;" is closer to the value of
0.

Step 6 Ranking of alternatives. The alternatives are ranked by the
descending values Q;. The best alternative is the alternative with the
highest Q; value and vice versa.

The MABAC (Multi-Attributive  Border Approximation area
Comparison) represents one of recent date methods. The MABAC method
was developed by Dragan Pamucar, PhD, University of Defence in
Belgrade, Military Academy, Department of Logistics. Up to this date, this
method has found wide application and modifications in multiple-criteria
problem solving. The MABAC method basic setting is to define every
criterion function distance from the border approximate area. The MABAC
method consists of 6 steps:
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Step 1: Base matrix forming(X). In the first step, the evaluation of m
alternatives per n criteria is performed. The alternatives are presented by
vectors A = (x;j, X, .., X;,) Where the value x,is the value of the i
alternative per the i criterion(i = 1,2, ...,m;j = 1,2, ..., n).

C, C, .. G,
AL [ X111 X1z - Xip
X =4Az| ¥or Y22 - Xon (2.10)
AplXm1 Xmz - Xmn

and where m represents an alternative number while n is the total number
of criteria.

Step 2 Elements normalization of the base matrixx.

¢, C .. G,
AT tir tiz o tin

x=4 |t Lz - (2.12)
Am tm1 tmz - tmn

The elements of the normalized matrix N are determined by the
expression:

a) For the "benefit" type criteria (higher value desired)

.X'g—xi

tg = W (2.12)

b) For the "cost" type criteria (lower value desired)

+
£ = xij—xl-

g - F
Xy —X;

(2.13)

where xl-j,xi*andxl-‘ represent the elements of the base matrix(X), where
xfandx; are defined as:

x; = max(xq,x,, ..., xyn) and represents the maximum values of a

considered criterion per alternatives.
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x} =min(xq, x5, ..., xy) and represents the minimum values of a

considered criterion per alternatives.

Step 3 Aggravated matrix(V) elements calculation. The elements of
the aggravated matrix (V) are calculated by expression (2.14):

vg =w;- tg + 4] (214)

where (t,) represents the elements of the normalized matrix(N), w;,
represents weight criteria coefficients. By the application of expression
(2.14), the aggravated matrix(V)is obtained:

Uiy Viz - Vi Wytiptwy Wyttt wy e Wyttt wy,
V — UZI 1722 b UZTI. — Wl " t21 + Wl W2 - t22 + W2 e Wn " tzn + Wn
Vmi VUmz = VUmn Wyttt Wy Wyt Wy o Wyl W,

where n represents the total number of criteria and m represents the total
number of alternatives.

Step 4 Determination of the border approximate area(G). The border
approximate area (BAA) is determinated by expression (2.15):

g =TT Vi)™ (2.15)

where v;; represents the elements of the aggravated matrix (V) and m
represents the total number of alternatives. After the calculation of the
values g; per the border approximate area(G) criterion,the matrix is
formed with a format nx 1 (n represents the total number of criteria by
which the selection of the offered alternatives is performed).

¢, C .. Cy
G=[91 92 - Yn] (2.16)

Step 5. Calculation of the distance matrix elements from the border
approximate area(Q)
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i1 912 - Yin
v=|91 922 - 9n

dm1 9m2 - Gmn

(2.17)

The alternative distance from the border approximate area (qij) is
determinated as divergence of the elements of the aggravated matrix (V)

and the values of the border approximate area(G):

V11 V12
v v
Q=V-G=| "% "2

Um1 VUmz2

V11— 91 Vi2— 92
V=|V21791 V22— G2

UVmi— 91 VUm2— 92

Vin
v
LM —[91 92
Umn
Uin — 9n q11
Uon = Yn| — dz1
Umn — Yn dm1

In]

d12
22

dm2

(2.18)

Tin

- n [ (2.19)

Amn

where g; represents the border approximate area for the criterion C;, v;;
represents the elements of the aggravated matrix (V),n represents the
number of criteria, and m represents the number of alternatives.

The alternative A; can belong to the border approximate area (G), the
upper approximate area (G*)or the lower approximate area (G~) or 4; €
{GvG*TVvGT}. The upper approximate area (G*) represents the area
where the alternative(4") can be found, while the lower approximate area
(G™) represents the area where the anti-ideal alternative (A~) can be

found (Figure 9).
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Upper approximate area
1.0+

0.8

0.6
0.4
0.2

Border approximate area

0.2+
0.4
0.6

0.8
1.0

-‘Lower approximate area

Figure 8 — Representation of the upper(G*), lower (¢~) and border (G)approximate
areas
Puc. 8 — UsobpaxeHue sepxHell (G *), HuxHel (G °) u epaHu4HbIx (G)
annpokcumamueHbix obriacmeu
Cnuka 8 — lMNpuka3 2opre (G*), dorse (G™) u epaHudHe (G) anpokcumamusHe obrnacmu

Belonging of the alternative 4; to the approximate area (G,G*,0rG™)
is determined by expression (2.20).

GTifq> g;
A€/ Gifqj = g; (2.20)
GTifqi; < g;

In order to select the alternative A; as the best one from the
congregation, it is required that this alternative, per most criteria, belongs
to the upper approximate area(G*). If, for example, the alternative A; per
5 criteria (from the total of 6 criteria) belongs to the upper approximate
area, while by one criterion it belongs to the lower approximate area (G ™),
it means that this alternative is close or equal to the anti-ideal alternative
per 5 criteria. If the values g;; > 0 org;; € G*, then the alternative 4; is
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close or equal to the ideal alternative. The value g;; < 0 or g;; € G~ points
out that the alternative 4; is close or equal to the anti-ideal alternative.

Step 6 Ranking of alternatives. Calculation of the criteria function
values per alternatives (2.21) is obtained as the sum of the alternatives
distances from the border approximate areas(q;). By summing the matrix
Q by rows, the final criteria function of the alternatives values is obtained:

Si :Z?zlqijij = 1,2, e, n, = 1,2,...,m (221)

where n represents the total number of criteria and m represents the
number of alternatives.

Best alternative selection for ATGM procurement by
the application of the TOPSIS method

In the chapter entitled “ATGM development history and basic
characteristics” we have explained the basic ATGM characteristics. These
characteristics are always listed in weapon systems manuals because of
their tactical significance. That is why these characteristics will be used as
the selection criteria.

To repeat, these criteria are as follows:
— K1: Engagement range in meters,
— K2: Hit probability (0-1),
— KB3: Weight in kilograms,
— K4: Price in USD,
— Kb5: Training simplicity,
— K6: Reliability,
— K7: Jamming resistance, and
— K8: Missile velocity,

Under the assumption that we are selecting one ATGM from the
proposed four ATGMs of different manufactures, represented as A1, A2,
A3 and A4, the decision matrix for a ATGM selection is presented in Table
1.

The characteristics are similar to the characteristics of real weapon
systems already in use.
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Table 1 — Base decision matrix
Tabnuua 1 — basoeass Mampuuya peweHuti
Tabena 1 — [NoyemHa mampuuya o0ny4usar-a

K1 K2 K3 K4 K5 K6 K7 K8
. Very
Al 3000 | 0.35 28 1000 Low Middle High 115
Very Very Very
A2 8000 | 0.95 30 5000 High High High 300
A3 2500 | 0.88 22 3000 High Middle High 186
A4 3500 | 0.89 25 4500 High Middle High 200
CRITERIA | max max min min max max max max

In the given table, we can notice that, for the criteria K1, K2, K5, K6,
K7 and K8, the most desirable values are the highest ones (max), while for
the criteria K3 and K4 (weight and price, respectively), the most desirable
are the lowest values (min).

Consider that the criteria K5, K6 and K7 are represented by quality
grades; quantification by quality grades will be performed by the
application of the scale presented in Table 2.

Table 2 — Quality criteria K5, K6 and K7 quantification scale
Tabnuua 2 — LLikana ka4yecmeeHHbIX U KoriudecmeeHHbIx kKpumepues K5, K6 u K7
Tabena 2 — Ckana 3a keaHmugukauyujy keanumamusHux kpumepujyma K5, K6 u K7

Estimation Very High High Middle Low Very low
Grade 9 7 5 3 1

By the application of the quantitative values from Table 2, the
guantified matrix is presented.

Table 3 — Quantified decision matrix
Tabnuua 3 — Mampuua Konu4ecmeeHHbIX peuleHull
Tabena 3 — KeaHmugukosaHa mampuuya 005yqusarba

K1 K2 K3 K4 K5 K6 K7 K8
Al 3000 0.35 28 1.0 3 5 9 115
A2 8000 0.95 30 5.0 9 9 9 300
A3 2500 0.88 22 3.0 7 5 7 186
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K1 K2 K3 K4 K5 K6 K7 K8

Ad 3500 0.89 25 4.5 7 5 7 200

9565.56 | 1.61 52.85 7.43 13.71 12.49 | 16.12 | 421.69

. . Tij . .
Applying the expression x;; = —=Z=, we will normalize the elements
n 2
i=1Tij

of the base decision and we will obtain the matrix presented in Table 4.
Table 4 — Normalized decision matrix

Tabnuua 4 — HopmanusogaHHasi Mampuua peuweHutl
Tabena 4 — HopmanusosaHa Mmampuuya o0ny4ugar-a

K1 K2 K3 K4 K5 K6 K7 K8
Al 0.314 0.217 0.470 0.865 0.219 0.400 0.558 | 0.273
A2 0.836 0.590 0.432 0.327 0.656 0.721 0.558 | 0.711
A3 0.261 0.547 0.584 0.596 0.511 0.400 0.434 | 0.441
A4 0.366 0.553 0.527 0.395 0.511 0.400 0.434 | 0.474

In order to obtain the aggravated normalized value matrix, it is
necessary to multiply the values form Table 4 with the weight coefficients.
Let us assume that, in our example, an authority expert team, formed
to procure ATGMs for the Armed Forces of one particular state, has
reached the decision that some criteria have advantage over the others.
In such a case, we can rank the before mentioned criteria as follows:
[.  Hit probability,
II.  Engagement range in meters,

. Weight,

IV.  Price,

V. Reliability,

VI.  Training simplicity,
VII. Missile velocity, and
VIIl.  Jamming resistance.

Based on this requirement, we can assign numerical values, in the
range from the minimum value of 0.062 for the criteria with the least
importance to the value of 0.246 for the criteria with the highest
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importance. Two criteria — hit probability and engagement range - have
the highest values because of their tactical significance.

Engagement range in meters wl 0.242
Hit probability w2 0.246
Price w3 0.116
Weight w4 0.119
Missile velocity w5 0.063
Jamming resistance w6 0.062
Training simplicity w7 0.072
Reliability w8 0.080

By the application of the expressionv;; = x;;*w; ; j =1,2...,m the
aggravated normalized matrix is obtained and presented in Table 5.

Table 5 — Aggravated normalized matrix
Tabnuua 5 — YcnoxHeHHas Hopmasiu3oeaHHass Mampuya
Tabena 5 — OmexaHa Hopmasnu3oeaHa Mampuuya

K1 K2 K3 K4 K5 K6 K7 K8

Al 0.0759 | 0.0535 | 0.0545 | 0.1030 | 0.0138 | 0.0248 | 0.040 0.022

A2 0.2024 | 0.1452 | 0.0502 | 0.0390 | 0.0414 | 0.0447 | 0.040 0.057

A3 0.0632 | 0.1345 | 0.0677 | 0.0710 | 0.0322 | 0.0248 | 0.031 0.035

A4 0.0885 | 0.1360 | 0.0611 | 0.0470 | 0.0322 | 0.0248 | 0.031 0.038

Step 3 Determining the ideal solutions. The ideal solution A* and the
negative ideal solution A~ are determined by applying the expressions:

A = {(maxvij |j € G), (min Vg |j € G'),i =1, ...,n} ={v],v3, ..., Um})

A= {(minvij |j € G), (maxvg |j € G'),i = 1,...,n} ={vi,v3,...,0n}

Since the ideal alternatives are those with the highest v;; related to
the criteria which are maximized and with the lowest v;; related to the
criteria which are maximized, based on Table 5, we will obtain

the ideal solution:
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(4") » A* = {0.2024,0.1452,0.0502, 0.0390, 0.0414,0.0447,0.0402,0.0569}

and the negative ideal solution:

(A7) - A"
= {0.0632,0.0535,0.0677,0.1030,0.0138,0.0248,0.0313,0.0218}

Step 4 Determining the distances of the alternatives from the ideal
solutions. By the application of the expressions:

Euclid alternative distances from the ideal solution (S;) and the
negative ideal solution(S;") are obtained and presented in Table 6.

Table 6 — Euclid alternative distances
Tabnuua 6 — AnbmepHamugHble paccmosiHusi Eeknuda
Tabena 6 — Eyknudcka pacmojarba anmepHamusa

Alternatives St Si
Al 0.1758 0.0203
A2 0.0000 0.1861
A3 0.1478 0.0900
A4 0.1189 0.1060

During the calculation of the values (S;) and (S;) , the elements of
the normalized matrix are examined (Table 5), the ideal solutions A* and
A~ are obtained in the previous step.

Step 5 Determining the relative distance of the alternatives to the ideal

solution. By the application of the expression: Q; = i=1,..,n

si-s;
relative distance is determined for each solution, Table 7.

Table 7 — Relative proximity of the alternatives (Q;)
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Tabnuya 7 — OmHocumernbHas briusocme anbmepHamus (Qi¥)
Tabena 7 — PenamusHa 6nusuHa anmepHamusa (Q;)

Alternatives Q; RANK
Al 0.1036 4
A2 1.0000 1
A3 0.3786 3
A4 0.4712 2

Step 6 Alternative ranking. As it has already been mentioned, the
alternatives are ranked by declining valuesQ;. The best alternative is the
alternative which has the highest value Q;, i.e. in our example the
alternative A2. The alternative rank is presented in Table 7, i.e. A2 - A4 —
A3 - Al.

Best alternative selection for ATGM procurement by
the application of the MABAC method

The procurement of an ATGM will be examined, i.e. the selection of
the best alternative, using the MABAC method of the multiple-criteria
decision making process.

Step 1 Base decision matrix forming(X). As in the previous example,
we will examine four ATGMSs. In Table 8, the characteristics of four ATMGs
are presented. Table 8 also gives the base decision matrix.

Table 8 — Base decision matrix

Tabnuua 8 — bazoeass Mampuuya peweHuli
Tabena 8 — lNoyemHa mampuuya o0dry4ueara

Criteria
Alternatives C1 C2 C3 C4 C5 C6 Cc7 C8

(max) | (max) | (min) | (min) | (max) | (max) | (max) | (max)
Al 3000 | 0.350 | 28 1000 | B M VG 115
A2 8000 | 0.950 | 30 5000 | VG VG VG 300
A3 2500 | 0.880 | 22 3000 | D M M 186
A4 3500 | 0.890 | 25 4500 | D M M 200
wl 0.242 | 0.246 | 0.116 | 0.119 | 0.063 | 0.062 | 0.072 | 0.080

For evaluating the alternatives according to the C5, C6 and C7
criteria, the Likert scale (Table 9) will be applied.
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Table 9 — Likert scale for evaluating alternatives
Tabnuua 9 — llikana Jlalikepma 0nsi OUEeHKU anbmepHamue
Tabena 9 — Jlukepmoea ckana 3a egasiyayujy anmepHamuea

N° Linguistic designation Numerical value
Very Good (VG) 5
Good (G) 4
Middle (M) 3
Bad (B) 2
Very Bad (VB) 1

By the application of the Likert scale, the base decision matrix with
numerical values is obtained.

Table 10 — Base decision matrix with numerical values
Tabnuua 10 — basosas Mampuua peweHull
Tabena 10 — lNoyemHa mampuuya o0rny4ugar-a

Criteria
Alternatives | C1 Cc2 C3 C4 C5 C6 Cc7 C8

(max) | (max) | (min) | (min) (max) | (max) | (max) | (max)
Al 3000 | 0.350 | 28 1000 2 3 5 115
A2 8000 | 0.950 | 30 5000 5 5 5 300
A3 2500 | 0.880 | 22 3000 4 3 4 186
A4 3500 | 0.890 | 25 4500 4 3 4 200
wl 0.242 | 0.246 | 0.116 | 0.119 | 0.063 0.062 | 0.072 0.080

Step 2 Base matrix elements normalization(X). After forming the base
decision matrix(X), Table 10, the normalization of the base matrix
elements is facilitated.

In our example, the "benefit" type criteria (highest values desired) are

C1, C2, C5,C6, C7 and C8; therefore, for calculating the normalized matrix
N elements, the following expression will be applied:
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Xg—X;
ty, =225

For the "cost" type criteria (lowest criteria values desired), which in
our example are C3 and C4, the following expression is applied for
calculation:

+
Xij—X;
t, = J

9 T xr—xt
xl xl

By the application of the previously given expressions, the normalized
matrix N is obtained and presented in Table 11.

Table 11 — Normalized matrix N
Tabnuua 11 — HopmanusoeaHHas mampuua N
Tabena 11— Hopmanu3oeaHa mampuuya N

Alterna- Criteria

tives c1 c2 c3 ca c5 o c7 c8
Al 0.091 |0.000 |0.250 |1.000 |0.000 | 0.000 | 1.000 | 0.000
A2 1.000 | 1.000 | 0.000 | 0.000 | 1.000 | 1.000 | 1.000 | 1.000
A3 0.000 |0.883 | 1.000 | 0.500 | 0.667 | 0.000 | 0.000 | 0.384
A4 0.182 | 0.900 | 0625 |0.125 |0.667 | 0.000 | 0.000 | 0.459
wil 0.242 |0.246 | 0116 |0.119 |0.063 | 0.062 | 0.072 | 0.080
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3 The calculation of the aggravated matrix V' (Table 12) elements is
performed by multiplying the weight coefficients, presented in the last row
of the table. The weight coefficients are identical to those in the decision-
making process when the TOPSIS method is used. Therefore, by the
application of the expression

v,

g=Wi'tg+Wi,

the elements of the aggravated matrix V are obtained and presented in
Table 12.

818




Table 12 — Aggravated normalized matrix V
Tabnuua 12 — YcnoxHeHHasi HopMmariuzoeaHHass Mampuuya V
Tabena 12 — OmexaHa Hopmasiu3oeaHa mampuua vV

Criteria
Alternatives

C1 Cc2 C3 C4 C5 C6 Cc7 C8
Al 0.264 | 0.246 | 0.145 | 0.238 | 0.063 | 0.062 | 0.144 0.080
A2 0.484 | 0.492 | 0.116 | 0.119 | 0.126 | 0.124 | 0.144 0.160
A3 0.242 | 0.463 | 0.232 | 0.179 | 0.105 | 0.062 | 0.072 0.111
A4 0.286 | 0.467 | 0.189 | 0.134 | 0.105 | 0.062 | 0.072 0.117

Step 4 Determination of the border approximate areas values(G). By
the application of geometric averaging for the values of the alternatives,

with the expression
1/m

the border approximate areas matrix (G)is obtained, Table 13.

Table 13 — Border Approximate Areas (BAA) matrix
Tabnuya 13 — Mampuuya epaHu4HbIX annpokcumamueHbix obnacmel (FTAQ)
Tabena 13 — Mampuua epaHu4HuUx anpokcumamusgHux obrnacmu (FAQ)

Criteria
BAA

C1 C2 C3 C4 C5 C6 C7 C8

gi 0.3067 0.4024 | 0.1647 | 0.1613 | 0.0967 | 0.0737 | 0.1018 | 0.1134

Step 5 Calculation of the distance of alternatives (matrix elements)
from the border approximate area(Q). The distance od the alternatives
from the BAA (Table 14) is determined by the expression:

Vi1 Viz - Vin
Vy1 Vzp wn U

Q=V—-G=| "2 "2 5 M |—[91 92 - Gn]
Umi VUmz - VUmn
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as a reminder of the aggravated matrix (V) elements, and the values from
the border approximate area matrix(G). By the application of the
expression:

Vi1—=91 Viz2— 92 - Vin—Gn 911 912 - Y9in
V=|V21791 V22— G2 Uon —Gn| | 921 Y422 - Qon
Vmi =81 Vmz2~ G2 Vmn — gn dm1 9m2 - Gmn

q elements are obtained, in the matrix (G)showing the distance of the
alternatives from the border approximate area.

Table 14 — Matrix of the distances of alternatives from the BAA (Q)
Tabnuya 14 — Mampuua paccmosiHusi anbmepHamueg om FTAO (Q)
Tabena 14 — Mampuua ydarbeHocmu anmepHamusa 00 A0 (Q)

Criteria
Alternatives
Cc1 c2 C3 C4 C5 C6 Cc7 c8
Al -0.0427 | -0.1564 | -0.0197 0.0767 -0.0337 | -0.0117 0.0422 -0.0334
A2 0.1773 0.0896 | -0.0487 | -0.0423 | 0.0293 0.0503 0.0422 0.0466
A3 -0.0647 | 0.0609 0.0673 0.0172 0.0083 | -0.0117 | -0.0298 | -0.0027
A4 -0.0207 | 0.0650 0.0238 | -0.0274 | 0.0083 | -0.0117 | -0.0298 | 0.0033

Step 6 Alternative ranking. The criteria function values by alternatives
are obtained by summing the elements from the matrix Q by rows, by the
application of the expression:

n
Si =un,] = 1,2,...,n,i = 1,2,...,m
=

The values of the criteria functions and the final rank of the
alternatives are presented in Table 15.
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Table 15 — Alternative ranking by the MABAC method
Tabnuya 15 — AnbmepHamueHoe paHxuposaHue o memody MABAC
Tabena 15 — PaHe anmepHamusga o memodu MABAC

Alternatives Q RANK
Al -0.1787 4
A2 0.3443 1
A3 0.0448 2
A4 0.0108 3

Based on the obtained results, we can conclude that the alternative
A2 is first ranked, i.e. the alternatives are ranked as follows: 42 - A3 —
A4 - Al.

Conclusion

By analyzing the data presented in Table 7(relative alternative
proximity(Q;) by the application of the TOPSIS method) and the data
presented in Table 15 (alternative ranking by the application of the MABAC
method), we can observe that the alternative A2 has the highest value and
the alternative Al has the lowest value. The alternatives A3 and A4 have
relatively close values. Based on the stated, we can conclude that both
methods of multi-criteria decision making are pointing that the best
alternative, therefore a decision for the best ATGM weapon system, is
presented in the alternative A2. Both methods show that the selection of
the alternative Al would be a wrong decision for procurement. In the
applied methods, the alternatives ranking of A3 and A4 are different, so a
decision maker can optionally decide (for example to lower the expenses)
to select the alternative A3.

The characteristics of the alternative A2 are similar to the
characteristics of the 9M133M Kornet-M ATGM, which represents one of
the best, battle proven, weapon systems in world. We can conclude that
the mathematical models of multi-criteria decision methods — which in our
example unequivocally point to the alternative A2 - present an extremely
helpful tool for decision makers.

The novelty of the method described in this paper is in the fact that a
specific scientific method can be used for weapon system procurement for
armed forces, therefore for gaining advancement in operational
capabilities of armed forces.
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The intention of the authors is to implement this method in future
studies especially in the area of military decision making. The focus will be
on counter insurgency operations with adversary personified in multiple
militant groups. In this scenario, friendly forces will be equipped with most
advanced weapon systems such as armed unmanned air vehicles (drones
and loitering munitions) and unmanned ground vehicles.
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MHOIOKPUTEPUAINBHAA MOAENb ONTUMN3ALINK 3AKYTIOK
NMPOTMBOTAHKOBbLIX KOMIMJIEKCOB

[pazar C. Namyyap?, koppecnoHgeHT, Crro60daH P. QumnTpresny®
aYHuBepcuteT 060poHbI B 1. benrpaa, BoeHHasa akagemus,
Kadbegpa noructuku, r. benrpaa, Pecny6nuka Cepbus

5 BoopyseHHble Cunbl Pecnybnunkm Cepbusi, Onepaumm no nogaepxaHuio
Mupa, y4ebHbIn LeHTp, 6a3a "tor", r. bByaHosau, Pecny6nuvka Cepbusi

PYBPUKA TPHTW: 27.00.00 MATEMATUKA:
27.47.19 WNccneposaHve onepawuin,
28.00.00 KUBEPHETUKA:
28.17.31 MogenvpoBaH/e NpoLLeCcCoB yrnpaBneHus,
78.00.00 BOEHHOE [OEJO:
78.25.00 BoopyxeHue n BoeHHas TeXHUKa
BWO CTATbW: opurmHansHas Hay4Has ctaTbs

Peswome:

BesedeHrue/uenb: [MpomusomaHkosbie yrpasnsemble pakemsi ([TTYP)
npedcmaesisirom cobol O00UH U3 caMbiX 3GhGheKMUBHbIX KOMITIIEKCO8
BOOPYIKEHUST ons npomueodeticmeusi bpoHemaHKo8bIM u
MexaHuU3UpoeaHHbIM eolickaM. BoopyxeHue OaHHbIM 8UAOM MEeXHUKU
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S6/19€MCS [IPEUMYU,eCMBEHHbIM 011 800PYXEHHbIX cusl /1060l crmpaHsl.
Coomeemcmesyrowasi oueHKa u ebibop aghghekmusHbix Komriniekcos [NTYP
— gaxHeliwul chakmop, enusrwul Ha ornepamugeHblie 803MOXXHOCMU
800pYXeHHbIX cun. Llenb daHHOU cmambu  3aknw4Yaemcsi 8
npedcmasrnieHuu  MHO20KpumepuarsbHbIX Memooo8,  A8MSIOUUMUCS
ronesHbIM UHCMpPYMeHmMoM Ors peweHus npobnems! onmumusayuu
3akynok NTYP eoopexxeHHbIMU cunamu.

Memodbr: OmeemcmeeHHbIM nuyaM, MPUHUMAKWUM PeweHuUs Mo
3akynkam [1TYP npednazaemcsi 8HeOpeHUe MHO20KpumepuasibHbIX
memodoe TOPSIS (Technique for Order Preference by Similarity to
Ideal Solution - Memod 0nsa ebibopa rnopsidka npednoymeHusi no
cxodcmey c udearibHbIM peweHuem) u MABAC
(MynemuampubymueHas mdoerb CcpasHeHusi 2paHuYHbIX
annpokcumamuegHbix obsiacmeti). B daHHOU cmambe rpedcmasrneHsbl
B803MOXHble peuweHusi Mo dYemsbipem modensm [N1TYP. OnucaHHbie
[TYP npedcmasneHbl kak eapuaHmbl A1, A2, A3 u A4.

Pesynbmamsi: Ha ocHosaHuu wmemodos, ornucaHHbIX 6 JdaHHOoU
cmambe, MOXHO cOeniamb 8bi800, 4YmMO cambiM 61a20npPuUsMHbIM
saensemcsi gapuaHm A2, a coomeemcmeeHHO U JTyHYWUM peweHUem
npu ebibope 0mMEEMCMEMBEHHbIMU  luyaMu,  NPUHUMaKWUMU
peuweHus1 KacamesibHO 3aKyrnok daHHoU modenu NTYP.

Bbigoldbl: lNpuxodum K 6b1800y, 4ymo Mamemamuyeckue modesnu
MHO20KpuUmepuarsbHbIX memoodos npuHamus peweHud,
npedcmaesrieHHble 8 OaHHOU cmambe, HeO8YCMbIC/IEHHO yKa3bigatom
Ha anbmepHamusy ¢ Jly4uwuMu Xxapakmepucmukamu u npedcmasisom
cobol 8bluepbIWHBIL U 4Ype3sbldalHO yOObHbIU uHcmpymeHm Oris
0MB8emMcmM8eHHbIX 1Ul, NPUHUMAaKOWUX PELUEHUS.

Knouessie criosa: TOPSIS, MABAC, 3akyrnka cucmeMm 800pYyXeHUs,
MHO20KpuUmepuarsbHoe MpuHsmue peweHud.

N3BOP NMPOTUBOKINOIMNMHNX BOBEHNX PAKETA MOLEJTIOM
BUWEKPUTEPNJYMCKOIr OOJTYHYNBAHA
[paza+ C. Mamyyap?, aytop 3a npenucky,Crio60daH P. Qumutpujesuh®

2 YHuBepanTeT onbpaHe y beorpaay, BojHa akagemuja,
Kategpa noructuke, beorpag, Penybnuka Cpbuja

6 Bojcka Cp6uje, LieHTap 3a obyky jeamHuua 3a MynTMHaUMoHanHe onepauuje,
6a3sa ,Jyr”, byjaHoBau, Penybnuka Cpbuja

OBJIACT: matemaTuKa, normcTuka
BPCTA UJTAHKA: opyrinHanHu Hay4Hu pag

Caxemak:

Y800: lNpomueokrnonHe eoheHe pakeme ([OBP) npedcmasrbajy jedHo 00
HajecbukacHujux  opyha y  cynpomcmaerbaky — OKMOMHUM U
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MexaHu3oe8aHuM jeduHuuyama. Onpemarse osum opyhuma rnpedcmasrba
umMmriepamus opy>aHux cHaza bursio Koje Opxase. AOekeamHa esasyayuja
u u3bop egpukacHux NOBP npedcmaesrba 8axaH ghakmop Koju ymude Ha
oriepamugHe criocobHocmu opyxaHux cHaza. Ljurb osoe pada jecme da
npukaxe 0a Mmemode suwekpumepujymckoea 0dryHuearba rnpedcmaesbajy
KopucmaH anam 3a pewasarse rpobnema onmumarsHe Habaske NNOBP 3a
opy’xaHe cHagze.

Memode: Mmnnemenmauuja TOPSIS (Technique for Order Preference by
Similarity to Ideal Solution — mexHuka 3a odabup HapyubuHe o
cruyHocmu ca udeanHum pewerem) u MABAC (Multi Attributive Border
Approximation Area Comparison — guweampubymueHo yropehusare
2paHuU4HUX anpokcumamueHux obracmu) memoda buhe npednoxeHe 3a
doHocuoue o0nyka 3a pewasar-e rnpobnema Habaske NOBP. Y pady cy
npednoxeHe Yemupu epcme NOBP kao mozyha pewera. HasedeHe
IOBP npuka3saHe cy kao anmepHamuse Al, A2, A3 u A4.

Pesynmamu: UmnnemeHmauyuja memoda doeena je 00 3akiby4ka Oa
anmepHamuea A2 uma Hajeuwy spedHocm u Oa rnpedcmasrba Hajéorbu
u3bop koju doHocuouyu odnyka mocy 0oHemu 3a u3bop ose spcme NOBP.

Bakrbyyqak: Mamemamuyku mModenu suleKpUMEpPUjyMcKoe 00rTydusarba,
npumer-eHuU y 080M pady, HEOBOCMUCIIEHO yKa3yjy Ha armepHamusy ca
HajborbuM Kapakmepucmukama, ra npedcmaesbajy 3axeasnaH U U3y3emHo
KopucmaH aniam 3a doHocuoue o0syKa.

KmbyyHe peuyu: TOPSIS, MABAC, Habaka opyxaHux cucmema,
8ULEKPUMEPUJYMCKO 00yHusarse.
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Abstract:

Introduction/purpose: Progress of science and development of new
technologies brings increased everyday use of goods with potential
human safety and health hazards. The aim of this paper was to select a
model for training individuals who are to perform the function of dangerous
goods transport advisors in the Ministry of Defense (MD) and the Serbian
Armed Forces (SAF).

Methods: The problem was solved through the use of the AHP (Analytic
Hierarchy Process) with ten subject-matter experts involved, who all
contributed - within their individual competency level, with different
individual weight of knowledge - to the final decision.

Results: The stability of the final decision was confirmed with a
dynamic sensitivity analysis through the use of Expert Choice 2000
Software.
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Connclusion: The results of the conducted research favored the model
by which the training should be conducted relying on one’s own
resources.

Key words: model, training, transport safety advisor, dangerous goods.

Introduction

Industrial development contributed greatly to the development of
transportation and through that to greater presence of dangerous goods
in transportation activities. Every participant of the process of dangerous
goods transport is exposed to the risk of possible accidents during the
dangerous goods transport. Dangerous good transport accidents also
present risk for individuals not directly involved in the process of goods
transport, their material goods and the environment in which they live.

Dangerous goods transport in the armed forces is very pronounced
given the fact that the majority of members of the armed forces are, by
nature of the job, in everyday contact with some sort of dangerous
goods. Precisely, this fact obliges armed forces to undertake many
activities to prevent dangerous goods transport accidents.

Mode of transport and responsibilities of individuals involved in the
transport of dangerous goods are prescribed through legal norms at
national and international levels. Policy of dangerous goods transport in
the MD and the SAF (Official Military Gazette, 8/2018) regulates
transport of dangerous goods within the MD and the SAF, as well as by
other armed forces or organisations which make use of the transportation
infrastructure of the Republic of Serbia (RS), in accordance with a
separate agreement. First and foremost, the mentioned policy is in
accordance with the national Law of dangerous goods transport (Official
Gazette of the RS, 95/2018) as well as with international agreements that
regulate dangerous goods transport for different means of transportation.

For dangerous goods transport to function without problems and for
it to be in accordance with regulations, a need arose for a person who
has the knowledge of duties and responsibilities of all participants in the
said process. That person is a Dangerous goods transport advisor.

Dangerous goods transport advisors are professionals in charge of
full compliance with regulations during dangerous goods transportation
activities performed by an organisation. This function can be executed
only by individuals who attended prescribed training and are in
possession of adequate certificates for the said function.

829

Lukovac, V. et al, Multicriteria approach to the selection of the training model of dangerous goods transport advisors in the Ministry of Defense and the Serbian Amy, pp.828-851



E‘ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2021, Vol. 69, Issue 4

According to the European Regulations concerning the international
transport of dangerous goods by road ADR, a Dangerous goods
transport advisor must be appointed within all organisations who
participate in the process of dangerous goods transport or who are
involved in other activities related to dangerous goods transport
(packaging, filling, loading or unloading). For the mentioned positions,
many individuals permanently hired by the organisation may be
appointed, or the organisation could outsource and hire on contract when
needed.

Duties of the Dangerous goods transport advisor are defined by the
ADR and are related to:

—monitoring of compliance with dangerous goods transport
regulations,

— giving advice to decision makers within the organization for all
activities related to dangerous goods transport, and

— creation of yearly reports about the activities and events related to
dangerous goods transport.

The aim of this paper was to select a model for training individuals who
are to perform functions of dangerous goods transport advisors in the MD
and the SAF. The problem was solved through the use of the AHP (Analytic
Hierarchy Process) with participation of multiple decision makers. The
decision makers in the AHP evaluation of the said problem were members
of the MD and the SAF, performing duties of organisation and conduct of
dangerous goods transport.

The paper is composed of six sections, including Introduction and
Conclusion. "Dangerous goods in transport", is the subject of the second
section of this paper. The third section of the paper, entitled "AHP decision-
making", describes the procedure for implementing the AHP at the individual
and group level. The fourth section of the paper entitled "Formulation
problem" describes the problem and presents the AHP hierarchy of
decision-making problems. The "Results and discussion " are presented in
the fifth section of the paper. The Conclusion section emphasizes the key
benefits of the conducted research.

Dangerous goods transport

For a more accurate understanding of potential hazards associated
with working with some substance, it is necessary to know and analyze a
large number of physical and chemical properties of substances, as e.g.
(Vidovi¢ et al, 2019):
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— type of danger,

— physical state,

— viscosity,

— boiling point,

— melting temperatures,

— density,

— the voltage of the steam,

— flammability temperature,

— auto-ignition temperature,
— limits of explosive mixtures,
— reactivity with respect to other substances, etc.

The term a "dangerous substance" refers to a substance with its
physical-chemical characteristics, which are determined on the basis of
the recognized and appropriate criteria. From the standpoint of
chemistry, the mentioned term "dangerous substance" is not adequate to
define the notion, but it would be the term "hazardous substance"
(Jovanovic et al, 2010).

Using the wrong term may lead to erroneous determination of the
status of dangerous substances during the transport process, which
directly affects both the application of appropriate recovery procedures in
case of accidents, and the application of methods that are contrary to the
international rules and obligations.

"Dangerous goods" refers to the keyword when the hazardous
matter-substance is contained in an appropriate packaging - container or
a vehicle during the transport process. There are specific criteria for
potential risks from hazardous substances which determine the transport
conditions (Jovanovi¢ et al, 2010).

According to the Rulebook of the Transport of Dangerous Goods in
the Ministry of Defense and the Army of Serbia (Official Gazette 8/2018)
and the Law of the Transport of Dangerous Goods (Official Gazette of
the Republic of Serbia, 95/2018), dangerous goods are substances and
articles forbidden from transport, i.e. allowed if transport is performed
under international agreements and regulations for the transport of
dangerous goods by the type of traffic (ADR, RID, ADN).

There are numerous examples of unprofessional and negligent
treatment during handling (manipulating) in transport of dangerous
goods, which have resulted in the suffering of people, property and
environmental degradation (Pamucar et al, 2019; Pamucar, 2020).
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The consequences of road traffic accidents with vehicles
transporting dangerous goods may also be such as to amount to a
catastrophe. As e.g.:

— On 6" December 1917, in Halifax (Nova Scotia), Figure 1, there
was a collision due to the accident of the French ship "Mont Blanc" and
the Norwegian ship "SS imo", in the access port and channel - Halifax, at
a low speed of about 2.5 km/h. The Mont Blanc ship was carrying about
3.2 million pounds of picric acid and TNT for the needs of the French
army in World War I. The effect of the explosion was in fragments of the
ship, a shock wave and a tsunami 18 meters high, created by the
explosion. The estimated temperature of the explosion was about 5000 °
C. A pyrotrophic cloud rose to an altitude of about 3600m. The number of
victims has never been precisely determined. It is believed that about
1,600 people were killed immediately, and about 400 succumbed to
injuries, 9,000 were injured, 1,600 homes were destroyed in a series of
fires and 12,000 homes were damaged. The industrial sector of the city
was completely destroyed. The Halifax disaster was the unofficial start of
systematic consideration of hazardous substances (Jankovi¢, 2016).

Figure 1 — Disaster in Halifax in 1917, the explosion of the ship and the consequences
(Jankovi¢, 2016)
Puc. 1 - B3pslis 8 Nanughakce 8 1917 200y, kopabnekpyweHue scriedcmaue 83pbiga U
eeo nocnedcmeusi (Jankovic, 2016)
Cnuka 1— Kamacmpodgba y Xanugpakcy 1917. 2oduHe, nocneduue excriiosuje 6poda
(Jankovié¢, 2016)
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—1In 1978, in Los Alfaques (Spain), a fuel tank was overloaded. Due
to high heat and pressure, the tank exploded and the fuel caught fire,
killing 216 people (Figure 2).

Figure 2 — Consequences of an accident on the way to Los Alfaques in 1978.
Puc. 2 — Mocnedcmeusi ATl e Jloc-Anbghakece 8 1978 200y.
Cnuka 2 — lNocneduue akyudeHma Ha rnymy y Jloc Anghbakyecy 1978. 20duHe

— On 12t July 2012, in Okobie town in Nigeria, there was an
explosion of a road tanker for gas transport (Figure 3). One hundred and
twenty one people were Killed in the accident and 75 were injured.

Figure 3 — Consequences of the accident in Okobie—Nigeria, 121 July 2012.
(Jankovi¢, 2016)
Puc. 3 — lNocnedcmeusi asapuu 8 Okobue, Hueepus, 12 urons 2012 2. (Jankovic, 2016)
Cnuka 3 — lNocneduuye akyudeHma y Okobue — Hueepuja, 12. jyn 2012. 200uHe
(Jankovi¢, 2016)
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—In 1986, in Sabac, Serbia, a railroad tank carrying ammonia (NH3)
hit an overpass from below. The valves got loose and the gas began to
leak. Favorable wind and the timely intervention of specially trained
workers prevented a more serious catastrophe.

To avoid this and similar situations and reduce risks to a minimum, it
is necessary that all personnel who come into contact with dangerous
goods, or all people involved, comply with regulations and guidelines that
define the handling of dangerous goods, as well as be properly trained
and prepared for their work.

On the basis of these problems, experts of the United Nations gave
basic recommendations and guidelines for international agreements, i.e.
procedures related to Conventions about different methods of transport
of dangerous goods (Vidovi¢ et al, 2019; Jovanovic¢ et al, 2010; Jankovic,
2016; Jovanovic¢, 2004; Petrovi¢, 2004), Figure 4:

— European Agreement concerning the International Carriage of
Dangerous Goods by Road (ADR),

— Regulations concerning the International Carriage of Dangerous
Goods by Rail (RID),

— International Civil Aviation Organization — Tehnical Instructions for
the Safe Transport of Dangerous Goods by Air (ICAO-TI),

— International Air Transport Association — Dangerous Goods
Regulations (IATA-DGR),

— International Maritime Dangerous Goods—Code (IMDG-CODE),
and

— European Agreement concerning the International Carriage of
Dangerous Goods by Inland Waterways (ADN).
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Figure 4 — International agreements on transport of dangerous goods
Puc. 4 — MexdyHapoOHble coanaweHusi rno nepeso3ke OrnacHbIX 2py308
Crniuka 4 — MehyHapdHu criopa3ymu 0 mpaHcropmy onacHe pobe

AHP decision making

The analytical hierarchical process (Saaty, 1980) is one of the most
exploited methods for decision making when multiple criteria are
considered. (Escobar, 2004; Vaidya & Kumar, 2006; Altuzarra et al,
2007; Ho, 2008; Arnette et al, 2010; Subramanian & Ramanathan, 2012;
Bernasconi et al, 2014; Zizovi¢ & Pamudar, 2019; Biswas et al, 2019;
Stankovi¢ et al, 2019; Durmic¢ et al, 2020; Jankovi¢ & Popovi¢, 2019)

The method is “analytical” and “hierarchical” because decision
making participants disassemble the root problem of decision making
(the aim) to several decision-making elements and create hierarchical
relations between them. The obtained hierarchy has a multilevel
composition. At the top of the hierarchy is the aim, followed by the criteria
at the next level and the alternatives at the bottom. This type of hierarchy
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presents the base problem of AHP decision making, but also reflects
problems present in other hierarchy types, such as three-level hierarchy
when a sub-criteria level is found between the criteria and the level of
alternatives. Likewise, hierarchies with only two levels pose the same
problems when only the aim and the alternative layers are found.

In order to determine relations between the AHP hierarchy elements,
one has to compare groups of elements (couples) against the elements on
the higher level of hierarchy. The comparison is done through rating and
the use of the Saaty rating scale, as shown in Table 1.

Table 1 — Saaty rating scale
Tabnuua 1 — OueHoyHas wkana Caamu
Tabena 1 — Ckana oueHa Saaty

Meaning Rating (aij)
The absolute dominance of the element i over element | 9

Very strong element dominance i over element j 7
Strong element dominance i over element j 5

Poor element dominance i over element 3

The same importance of element i and element J 1

Poor element dominance | over element i 173
Strong element dominance | over element i 115
Very strong element dominance | over element i 17
Absolute dominance of the element I over element i 119
(Intermediates) (2,4,6,8)

Besides the Saaty rating scale, many other scales could be used,
e.g. the Lootsma scale (Lootsma, 1988; Lootsma, 1990; Lootsma et al,
1990; Muravev & Mijic, 2020; Ma et al, 2011). The Saaty rating scale is
most common and its linear part is composed of whole number values (1
to 9), while the non linear part is composed of appropriate reciprocal
values (1/1-9).

When a participant in the AHP, on a specific hierarchy level, rates
semantically N elements of that level against the elements of the higher
level using the scale in Table 1, its semantic rates from the left column
are shown in equivalent number values from the right column and are
entered in the square matrix A. The matrix is positive and reciprocal
(symetrical in relation to the main diagonal), which means that the
elements in the upper matrix triangle are reciprocal to the elements of the
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lower matrix triangle, while the elements on the main diagonal are equal
to 1 (3 =1/a; foreach i and J; @ =1 for each 1), Matrix 1.

all a12 aln
a, a, .. a,

A= (1)
a, a a

nl n2 nn

If the standard Saaty scale is used, then each of &;jcan have one of
17 values from the discrete interval [1/9 ,9] . When filling in the matrix A,

the transit rule should be followed &; =& *&; for every 1,J,Kk=1,...n.

Determining the weights of the compared elements based on the
numerical values from the matrix is called prioritization. Prioritization is

the process of determining the priority vector W=(W1,---,Wn )T from the

n
matrix A, where every W, ~0 implicates ZWi =1 There are multiple
i=1
prioritisation methods, but the most used ones are the Additive
normalisation method, the Eigenvector method, and the Logarithmic least
squares method. (Blagojevi¢, 2015; Blagojevic¢ et al, 2020).

Because of its simplicity and frequency of use, the additive
normalization method was used in this paper (additive normalization
method —AN). In order to determine the vector of prioritesW, it is
sufficient to divide each element from a given column of the matrix Aby
the sum of the elements of that column (normalization), then to compile
the elements in each type, and finally to divide each resulting sum by the
rank of the matrix N. This procedure is described by relations 2 and 3:

a, =Y a,,ij=12,..n @)
i=1
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2% ®
w=21—i=12,.,n
n

Based on the evaluation, the chosen method of prioritization
determines the local weights of the decision elements, and the synthesis,
i.e. the additive synthesis, ultimately determines the weights of the
alternatives at the lowest level relative to the element at the highest level
(goal), which determines ending individual decision making by the AHP.
The additive synthesis is given by relation 4:

u = ijdij (4)
]

— U — the final (global) priority of the alternative i
— W;_ weight of the alternative J

- dij— the local weight of the alternative I relative to the criterion J .

In addition to the prioritization methods, one of the important
features of the AHP is that it checks the consistency of decision maker
evaluations at all levels of the hierarchy. For consistency checking
(Saaty, 1977), the consistency ratio (CR) is suggested. It is used in AN
prioritization methods. Calculating the consistency ratio includes two
steps. The first step, the consistency index (Cl) is calculated using
relation 5:

Cl =m0

5
N_1 ()

— N_rank of the matrix,
— Anax — the maximum eigenvalue of the comparison matrix.

The second step, the consistency ratio (CR) is calculated as the
ratio of the consistency index (Cl) and the random index (RI), relation 6:

o

CR=
RI

(6)
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The random index is in direct relation to the rank of the matrix (RI),
Table 2.

Table 2 — Random index values
Tabnuya 2 — 3HayeHus crydalHo20 uHOeKca
Tabena 2 — BpeOHocmu cny4yajHo2 UHOeKca

n 1 2 3 4 5 6 7 8 9 10
RI 0.00 0.00 052 089 111 125 135 140 145 149

When the obtained CR is < 0.10, it is considered that the participant
of the AHP performed the analysis and evaluation in a consistent
manner. (Jandri¢ & Srdevic¢, 2000; Kazimieras Zavadskas et al, 2020). In
cases when CR is > 0.10, the participant of the AHP should repeat the
process and modify its evaluation process.

It is becoming a common practice in the creation of scientific papers
where decision-making processes based on the opinions of single
individuals are considered non-objective. That is why nowadays group
decision making is more and more applied, i.e. decision making is based
on opinions and suggestions of multiple participants in the process.

In the AHP, for the synthesis of separate decisions into a final, or
group decision, multiple methods exist. Two most common methods for
final decision making are (Ramanathan & Ganesh, 1994; Forman &
Peniwati, 1998):

— Aggregation of Individual Priorities — AIP and

— Aggregation of Individual Judgments — AlJ.

To integrate individual decisions into group decisions, this paper
uses the AIP method. Aggregation was perfomed using the Weight
Arithmetic Mean Method-WAMM. The alternative A and its weight value
Wi(k) (priority) for the K -th decision maker are given. If all the members of

the group(g) are assigned appropriate weight values %, the weight
arithmetic mean is:

W = w e, (7)

k=

- Wi(g) — final (composite) priority of the alternative A,
—m — number of decision makers (group members).
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By assumption, the individual weights of the group members & are

m

previously additively normalized ZO!k =1. A final additive normalization
k=1

of the priorities of all alternatives is needed.

The sensitivity analysis of the final decision is a very important
characteristic of the AHP. It is conducted to determine if the changes of
the entry parameters influence the score list of alternatives in the final
decision. Multiple software solutions exist for the sensitivity analysis and
Expert Choice is one of the most used ones.

If the changes of the entry parameters for 5 % in all combinations do
not cause changes in the score list of alternatives, the final AHP decision
is considered stable (Hot, 2014).

Problem formulation

The training of Dangerous goods transport advisors for the MD and
the SAF is held in certified civilian institutions. Such a training model
presents problems that affect functioning of transportation units within
the MD and the SAF, among which the most important ones are:

- Mutual dependency between the training plan terms and the

capability of civilian training institutions,

- Weak teritorial availabilty of civilian institutions for dangerous

goods transport advisor training outside regional hubs,

- Training costs, and

- Personal costs for trainees.

That said, in order to analyse the existing approach to training
Dangerous goods transport advisors within the MD and the SAF, a group
of experts in the field of dangerous goods transport, made of ten
transportation officers from the MD and the SAF, was surveyed.

The first part of the survey allowed the experts to give their opinions
on possible training models for Dangerous goods transport advisors of
the MD and the SAF. The second part of the survey guided the experts in
determining the criteria based on which the training model was to be
selected. The process used in decision making about the training model
was the analytic hierarchy process (AHP).

The setup of the AHP hierarchy for deciding on the model of training
candidates for the function of Dangerous goods transportation advisors is
shown in Figure 5.
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Figure 5 — Setting up the AHP hierarchy
Puc. 5 — Hacmpotka uepapxuu AHP
Cnuka 5 — lNocmaska AHP xujepapxuje

Figure 5 shows a standard decision making problem where the aim
(the training model) is at the top of the hierarchy. On the next level, there
are criteria (certificate acquisition speed, adaptation to own needs,
training mobility, cost price, transparency). Models which should be used
in training Dangerous goods transportation advisors are represented by
alternatives in the AHP hierarchy, and are located at the bottom level:

— model 1 — Model in which both training and certification would be
conducted in accordance with the present practice, i.e. relying on the
civilian sector,

— model 2 — Model in which training would be conducted within
armed forces and certification would be conducted in the civilian sector,
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— model 3 — Model in which both training and certification would be
conducted within armed forces units using own resources.

Competency assessment of expert group members was conducted
according to the approach which Djorovic (2003) recommends for
competency assessment of transportation support experts, which
accounts for three assessment aspects:

- Objective assessment,

- Assessment of the source of the argument, and

- Subjective assessment of the expert.

A dettailed overview of the above mentioned approach to the
competency assessment of the experts is shown in Djorovic (2003) and
Lukovac (2016). The results of the competency assessment process of
the experts in this research have confirmed their competencies for
research participation, see Table 3.

Table 3 — Competence assessment
Tabnuuya 3 — OueHka KomrnemeHmHocmu
Tabena 3 — OueHa KoMnemeHmHocmu

Experts Expertise assessment
1. 0.6675
2. 0.67
3. 0.5413
4. 0.69
5. 0.4988
6. 0.525
7. 0.4763
8. 0.5063
9. 0.64
10. 0.57

Group assessment 0.57852

After being introduced with the AHP methods, subject-matter experts
were given forms to evaluate the elements of the AHP hierarchy for the
choice of a model for training candidates for the function of Dangerous
goods transport advisors. Figure 6 shows a completed form for the AHP
evaluation of one of the members of the expert group.
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GOAL
I I K1 | W2 w3 [y I s |
[ K1 1 1 17 1/9 16 | 12 1
/. w2 | 1 173 5 \ 5 \
k3 | 1] 5 8
Ka | = 3
[ K5 | I 1 1
K1
Ir ........ Al AZ A3 .\
Al 7] ;] LT
| Az | 1 117
A3 | ]
K2
[ [ A1 A2 A3 |
Al 1 1 1/5 [T |
[ A2 | 1 1 |
A3 ] 1 1
K3
[ [ A1 A2 A3 |
| A1 | 1 1/4 1/4
[ Az |} 7 1
[ A3 | 1
K4
[ [ A1 A2 A3
| A1 |y 1/4 1/9
[ A2 | 1 173
A3 | 1
KS5
[ [ A1t | A2 A3
[ A1 | % 2 4
[ Az ] 1 2
[_A3 | 1

Figure 6 — AHP evaluation form
Puc. 6 — ®opma oueHku AHP
Cniuka 6 — O6pa3say, 3a AHP epedHosar-€e

Results and discussion

Processing of the gathered forms for the AHP evaluation was done
by the use of Expert Choice 2000 (EC 2000) software, which yielded the
results shown in Table 4.

Compiling individual expert decisions into a final decision was done
through compiling individual priorities according to the relations shown in
Equation 7. In final decision making, Table 5, the experts used the
weighted normalised values of their evaluated competences.
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Table 4 — Expert decisions
Tabnuya 4 — OkcrnepmHbie peweHust
Tabena 4 — Ekcnepmcke odnyke

Experts A1l A2 A3
1. 0.12 0.42 0.46
2. 0.12 0.42 0.46
3. 0.18 0.17 0.65
4. 0.52 0.35 0.13
5. 0.52 0.31 0.17
6. 0.67 0.13 0.21
7. 0.27 0.37 0.36
8. 0.18 0.17 0.65
9. 0.12 0.42 0.46
10. 0.27 0.37 0.36

Table 5 — Final decision
Tabnuua 5 — OkoH4YamernbHoe peweHue
Tabena 5 — KoHa4yHa odnyka

Models Importance  Rang
A1 0.29 3
A2 0.32 2
A3 0.39 1

Figure 7 holds the results of the final decision.

0.45
0.4
0.35
0.3
025 [—
0.2 —
0.15
0.1
0.05
0

Model 1 Model 2 Model 3
[@Models 0.29 0.32 0.39

Figure 7 — Graphic representation of the final decision
Puc. 7 — paguyeckoe uzobpaxeHue OKOHYameslbHO20 PeuweHUst
Crniuka 7 — paghuyku npukas koHayHe o0ryke
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Figure 7 shows that the decision makers favored “model 3”. A
sensitivity analysis of the final decision made by the members of the
expert group was conducted with the use of EC 2000 software. Noting
that the changing of the initial entry parameters by 5% did not cause the
alternative range to change, the final decision made by the members of
the experts group can be considered stable.

In the end, based on the conducted AHP evaluation, it can be
concluded that training and certification of dangerous goods advisors in
the MD and the SAF should be conducted relying on own resources.

Conclusions

Dangerous goods transport, based on the means of transport,
necessitates full compliance of regulations at all levels (including
organisational, national and international). Prevention of accidents which
may occur during dangerous goods transport is a duty for all participants.
The decision on the model of training candidates for the function of
Dangerous goods transport advisors stems from multivariate analysis
and participation of more experts with adequate competencies. For the
purpose of this paper, the AHP was used in a group context. Managing
the group decision process can be done in many different ways. One of
them is favoring decisions of specific participants through the process of
evaluation of participants. To make group decision more objective,
individual participants of this AHP evaluation had their decisions
weighted with the use of normalization of their competencies. The
decision obtained after the AHP evaluation process points out that the
model for training candidates for the function of Dangerous goods
transport advisors and certification which should be used is the one
where only the resources of the MD and the SAF were used, without
external assistance.
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MHOIOKPUTEPWANbHbIN MOAXO[ K BbIBOPY MOOENN
OBYYEHMA COBETHWKOB MO OMNACHbIM NPY3AM B
MWUHWUCTEPCTBE OBOPOHbI 1 BOOPYXXEHHbIX CUIIAX
PECMYBIUKU CEPBUA

Becko M. Jlykosau?, Ceemnana P. 3enuny-Lpakynuu®,

Jlaszap M. Tomu4®, @ene Jlny"

2 YHuBepcuTeT ob6opoHsbl B . benrpaa, BoeHHasa akagemus,
nenaptameHT noructuku, r. benrpag, Pecnybnuka Cepbus,
KOpPpPecnoHAeHT

6 BoopyxéHHble Cunbl Pecnybnuku Cep6us, CyxonyTHble BOWCKa,
Y4yebHOo-TpeHMPOBOYHOE KOMaHAoBaHue, r. benrpaa, Pecnybnvka Cepbus

B BoopyxéHHble Cunbl Pecnybnvkn Cepbus, CyxonyTHble BOMCKa,
TpeTbs Gpuraga, r. Huw, Pecnybnuka Cepbus

" YHusepcuteT YxeussiH Bannu B r. HUHG0, hakynbTeT ynpaBneHus
buaHecom, r. HuHo0, Kutanckan HapogHas Pecnybnuka

PYBPUKA TPHTW: 27.00.00 MATEMATUKA:
27.47.19 NccnepoBaHne onepaumn,
28.00.00 KNBEPHETUKA:
28.17.31 MogenvpoBaHue NpoLeccoB ynpaBeHus,
73.00.00 TPAHCIMNOPT:
73.47.12 OpraHusaumst ynpasneHus un
aBTOMaTM3NPOBaHHbIE CUCTEMbI YNPaBMEHUS
TPaHCMopToM
BW[ CTATbW: opurmHanbHas Hay4YHas ctaTbs

Peswome:

BeedeHue/uenb:  HaydHble  docmueHuss U pasgumue  HO8bIX
mexHonoauu criocobcmeyrom rogcedHesHoMy  riompebrieHuUro
Hapacmarowje2o Koru4yecmea Imoeapos, KOmopble Mo2ym 6bi38amb
HebnazonpusimHbie rocnedcmeusi Onsi besonacHocmu U 300p08bsi
yenoseka. Llerib OaHHOU cmambu 3aknyaemcs 6 npedcmasrneHuu
modernu, 8 coomeemcmeuu ¢ Komopol GOMKHO MPo8odumbscsi 0byyeHue
nuy, 3aHumarouux  OO/mKHOCMbL — cogemHuka o  6esoracHocmu
repeeo3ku onacHbIX 2py3oe 8 MuHucmepcmee o06opoHsl (MO) u
BoopyxeHHbix cunax Pecrybnuku Cepbusi (BCPC).

Memoosi: lNpobnema pewanacb ¢ nomowbto AHP (Analytic Hierarchy
Process), e npouecce peweHusi yyacmeosasnu Oecsimb 3KCrepmos,
Komopble 8 coomeemcmeuu C UX OUeHEeHHoU KomMrnemeHyuel eHecu
KaxObili ceoli uHOusuOdyarbHbIl 6Knad 8 OKOHYameslbHoe peuleHue
3adayu.

Pesynbmambi: CmabunbHocmb OKOHYameJsibHO20 peweHusi
noomeepxdeHa OUHaMUYECKUM aHanu3oM 4YyscmeumersibHocmu C
rnomouwbro npoepammbi Expert Choice 2000.
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Bb1800b!: Pesynbmamei rpogedeHHo20 uccnedosaHusi
ceudemernibcmeytom o npeumywecmesax mMooesu, coarnacHo Komopou
obydeHue OO/MKHO  npPoeoOUMbCS  UCX00s1 U3  CO6CMBEHHbIX
803MOXHOCMEU.

Knroyesble criosa: modesnb, obydeHue, CO8eMHUK 0 mpaHCcrnopmHou
6e3onacHocmu, onacHble 2py3bl.

BNWEKPUTEPUNJYMCKU NMPUCTYTT U3BEOPY MOJEJIA OBYKE
CABETHWKA 3A BESBEAHOCT TPAHCITOPTA OINACHE POBE Y
MWHNCTAPCTBY OOBPAHE N BOJCLIN CPEVJE

Becko M. Ilykoeau@, CeemnaHa P. 3ersuh-Apakynuh®,

Jlaszap M. Tomuh®, @eHe Jlny"

2YHuBepauteT oabpaHe y beorpaay, BojHa akagemwuja, Kateapa noructuke,
Beorpaa, Penybnuka Cpbuja, ayTop 3a npenucky

6 Bojcka Cp6buje, KonHeHa Bojcka, KomaHaa 3a obyky,
Beorpaga, Penybnuka Cpbuja

® Bojcka Cpbuje, KonHeHa Bojcka, 3. 6puraga, Huw, Peny6nuka Cpbuja

" YHuBepauteT ,,3xejuaHr Bannu”, dakyntet 3a 6usHuc,
HuHréo, HapogHa Penybnuka KuHa

OBNACT: matematuka, TpaHcnopT
BPCTA YNAHKA: opyrnHanHu HayyHu pag

Caxxemak:

Yeod/yurb: Hanpedak Hayke U pa3eoj HO8UX mexHosoeuja OorpuHOCU
ceakoOHesgHOj yriompebu cee eehee 6poja poba Koje moey usaszgamu
HexerbeHe riocrneduye no besbedHocm u 30pasrba sbyou. Ljurb ogoe
pada jecme u3bop modena o Kojem 6u mpebano epwumu
ocriocobrbagame nuya 3a obasrbarbe QyHKUUje casemHuka 3a
b6e3bedHocm mpaHcriopma makeux epcma poba y MuHucmapcmesy
o0dbpaHe (MO) u Bojcyu Cpbuje (BC) .

Memode: [lpobnem je pewasaH nomohy AHP (Analytic Hierarchy
Process) y kojem cy ydecmeosarnia Oecemopuua ekriepama, a Koju cy
3axearbyjyhu ceojoj komremeHmHocmu GOnpUHesIU KoHa4YHoj 00rTyyu.

Pesynmamu: CmabunHocm KoHa4yHe 00riyke rnomeplieHa je
OuHamMu4KkoM aHanu3omM ocemsbugocmu romohy cogpmeepa Expert
Choice 2000.

Sakrpyyvak: Pesynmamu cripogedeHoe ucmpaxxusarba ghagopusosasnu cy
moden o Kojem 6u o0byky mpebario cripogodumu ocramajyhu ce Ha
coricmeeHe Karnauyumeme.

KmbyyHe peuu: wmodern, o0byka, casemHuk 3a 6e3bedHocm
mpaHcriopma, oracHa poba.
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Abstract:

Introduction/purpose: This paper presents the transformation of the
current, classical approach to teaching. Online platforms enable students
with and without disabilities to follow classes without hindrance during the
lecture period. After the lecture, they are allowed to view video and
presentation materials. The main advantage of this way of teaching is the
possibility of attending classes from any location and from any device; it is
only important to be connected to the Internet.

Methods: Full integration with the already existing Faculty Information
System has been performed. The paper describes a new approach to
teaching and illustrates the expected benefits of online teaching. The
platforms used in this integration are Microsoft Azure, Microsoft Office 365
Admin, Microsoft Teams, Microsoft Stream and Microsoft SharePoint.

Results: The result of the test of work with students showed that by
introducing a system for online teaching, we directly affect the
improvement and quality of teaching.

Conclusion: Considering all the results, it can be concluded that the

transition to the online way of teaching allows end listeners a
comprehensive transfer of knowledge as well as re-listening to the same.
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This model can be used for an unlimited number of users in all Institutions,
regardless of whether the field of activity of these Institutions is of
educational origin.

Key words: education, online learning, teaching analysis, Microsoft
Teams, Microsoft Azure.

Introduction

Starting from March 2020, almost all spheres of business were
forced to switch to the online way of doing business. The new health
crisis has demanded that more and more organizations use
telecommuting to preserve and respect social and spatial distance.
Therefore, the conditions created by the emergence of the Covid-19
pandemic provide an opportunity for intensive research into teleworking,
all for the purpose of adapting to this way of everyday work as well as
maintaining the current global economy. This way of working leads to the
flexibility of employees in various types of business and provides a
completely new way of working for the end users of the system.
Switching to this way of working has increased productivity, reduced the
costs of employers as well as employee fatigue due to daily commuting
(Purcarea & Purcarea, 2008). Certainly, the biggest problem in terms of
this way of working is reflected in the adaptation to new technologies as
well as raising awareness of the necessary computer knowledge of the
end users of the system.

This paper describes all parts of the system that are analyzed for the
purposes of teaching at university academic studies. Also, the
implementation process as well as the student and faculty approach to
the platform will be described.

Compared to classical teaching, online teaching offers many more
benefits for students. Certainly, the biggest advantage of online teaching
is the re-viewing of recorded materials as well as access to the platform
from any location and any device that has Internet access.

Pokorni states in his work that in the middle of the nineties, a new
term, modern distributed learning, was created. This type of distance
learning is a system and process of connecting students with distributed
educational resources. Distance education in relation to the classical way
of education shows advantages such as enabling lifelong learning and
professional development, participation in the highest quality and most
prestigious programs, choosing one's way of learning as well as many
others (Pokorni, 2009).

The paper combines a practical analysis of teams as a computer-
supported collaborative learning process (CSCL) and explains what
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teams can offer to teachers in higher education institutions. This paper
argues that the online learning process develops shared learning as a
process of peer interaction that the mentor mediates and structures. The
discussion can be promoted by presenting certain concepts, problems or
scenarios, and is led by efficiently directed questions, introduction and
clarification of concepts and information and references to previously
learned material (Bozkurt, 2019a), (Bozkurt, 2019b), (Bozkurt et al,
2019), (Bozkurt & Sharma, 2020).

Existing solutions

There are a number of software solutions for online video calls on
the market. This part of the area gained its greatest popularity with the
appearance of the Covid-19 global pandemic. Software platforms such
as Microsoft Teams, Zoom, Google Meet, Cisco Webex and many others
have shifted much of their revenue to developing additional plug-ins to
upgrade their existing software solutions. In this way, each company tries
to position itself as a market leader and maintain its popularity with end
users.

Among the large number of platforms for online video chats, the
Microsoft Teams platform stood out the most. In addition to using video
calls, the platform offers the possibility of using chat messages, video
recording of meetings as well as creating tests directly within the
platform.

Tsai predicts that by the end of 2021, Microsoft Teams will be in use
in more than 41% of companies worldwide (Tsai, 2018). The current
situation is such that the Microsoft Teams platform is used daily by more
than 75 million active users. Statistically, in July 2019, the Microsoft
Teams platform had 62 million active users. Based on these data, we
come to the conclusion that the number of users of this platform has
increased rapidly with the emergence of the Covid-19 pandemic.

Microsoft Teams offers the ability to integrate with the existing
Moodle solutions. This provides an opportunity for educational institutions
to synchronize Moodle courses, grades and assignments. By
synchronizing these two platforms, we create a whole in which all
modules are located on one platform (Martin & Tapp, 2019).

Starting from the assumption that the realization of teaching
depends on the educational system and the way of knowledge transfer,
we come to the conclusion that the introduction of online teaching has
badly affected the quality of teaching of educational institutions not
accustomed to such work (Misha et al, 2020), (Fabiano & Radenovic,
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2020a), (Fabiano & Radenovi¢, 2020b), (Fabiano & Radenovi¢, 2020).
Daisy and her expert team believe that the online way of transferring
knowledge has caused a lot of damage to medical educational
institutions in many ways. The greatest negative impact is visible in the
area of practical knowledge and practical exercises. The problem that
arises is that practical classes cannot be held on real examples in
specialized laboratories. Another negative impact is that practical work in
the real environment in the form of going to the hospital is not possible
because a large number of hospitals have become Covid-19 hospitals
and for that reason students do not have access to them (Henderson et
al, 2020), (Juan, 2021). However, despite the challenges posed by the
pandemic in providing health care, this type of virtual learning represents
acceptable results of knowledge transfer. This way of knowledge transfer
opens the possibility of expanding virtual teaching in all types of
education around the world.

Project description

It is important to note that full integration with the already existing
Faculty Information System has been performed. It would be good if after
enrollment the student gets access to his Microsoft Office 365 account
and with the help of the same access to the platform itself. Students have
Microsoft Office 365 calendars in which the teaching dates in the current
year are predefined, created by professors and assistants before the
beginning of the semester. It is recommended that all students be able to
follow the course optionally and that the system be fully open to guests of
the system (guest access). In addition to classes, consultations are
expected to be held through the Microsoft Teams platform.

Each team within the Microsoft Teams platform represents one
subject. Each student has insight only into the teams (subjects) he / she
is following in the current year. After passing the exam in the subject, the
student is no longer authorized to access it. Realized lectures and
exercises at the university are recorded in their entirety and are all visible
to students after lectures and exercises. Students view videos using the
Microsoft Stream platform.

For the needs of the analysis, the platform was implemented at
several physical locations, namely Belgrade, Novi Sad and Nis. The
system also supports the possibility of access for students who access
from domains that are not from the Republic of Serbia. Students who
access the platform in this way are guests of this system and have a
restrictive overview of the content in relation to the students from the
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Republic of Serbia. Before the introduction of the state of emergency in
the country, the university realized classes in the classical way with the
use of amphitheaters and electronic classrooms. Each of these lectures
involved the physical arrival of students at the university as well as the
use of technical equipment by lecturers and students (computers,
monitors, projectors, etc.). After the implementation of the Microsoft
Teams platform, we directly reduce the cost of technical equipment.

The analysis of this paper required the assignment of more than
6000 students as well as 300 lecturers to different groups within the
Faculty Information System as well as within the Microsoft Office 365
groups.

Students with previous computer knowledge and knowledge in the
field of new technologies have created a very optimistic attitude towards
the online way of knowledge transfer. Their performance and self-
directed learning were directly affected by the use of e-platforms during
the Covid-19 pandemic.

Proposed solution

In order for integration to be possible, in addition to all other external
factors that can potentially affect the quality of video and audio material
transmission, the most important item is certainly the Internet connection.
In this case, the speed of the Internet connection of the lecturer and the
listener is important. Based on the performed test, the obtained results
are such that the largest number of listeners and lecturers is in the range
of 60-80% of the quality of the Internet connection. The results of this test
are shown in Table 1.

Table 1 — System performance
Tabena 1 — YcrnewHocm cucmema
Tabnuua 1 — 3ghgbekmusHoCcmb cucmembl

Microsoft Service Nu_mber of achievement Maximum number of points
points (100/100%)

Exchange Online 79 100

SharePoint Online 53 100

Microsoft Teams 72 100

SUM 204 300
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We will primarily rely on the use of the Exchange Online service.
Based on a test done on 6107 users, the result shows that the average
latency is 30ms. This number indicates that users have been able to use
the app without interruption for the past 30 days. SharePoint gives
slightly worse results for a reason. The obtained result is the result of the
use of Wi-Fi connection by the end users of the system and slightly
worse quality of the upload and download stream. Compared to the
SharePoint platform, the Microsoft Teams platform offers much better
performance for end users. The platform itself is the most commonly
used compared to all Microsoft platforms within the Microsoft Office365
package. This is also visible in test results with final results such that
UDP latency is 50ms, UDP jitter 27ms and UDP packet loss 0.33%.
Based on the test, information was obtained that 31% of users who use
the Microsoft Teams platform spend more than 10 hours each week in
meetings or lectures, Table 1. In this way, we come to the fact that the
attendance of online classes is much higher compared to traditional
classes. The fact is that these results are influenced by the flexibility of
access to teaching and the reduction of costs for students studying in
non-residential cities (Burcea & Marinescu, 2011). The obtained result is
among the best in this part of Europe, taking into account the quality of
the Internet in our country compared to the surrounding countries. The
obtained results serve us to adjust the system and avoid possible
unwanted problems in the following years of distance learning. The
potential escalation of certain system problems can have a very negative
impact on the overall learning system.

In addition to classic lectures and exercises, students use the 1-on-1
call option very often. One example of a 1 on 1 call is student and
professor consultations. The average obtained on the basis of the test is
such that 64% of conversations last more than 30 minutes. Based on this
information, we gain insight into the fact that a large number of students
use this option to develop projects in groups as well as mutual
counseling. The amount of time spent on the platform in one week of
lectures is visible in Figure 1. Based on the illustration, we can conclude
that professors who teach in most cases use video and audio as well as
screen sharing at the same time. This way of presenting creates a much
greater interaction between students. Students are able to see some
practical interactive examples in addition to listening to lectures.

Lecturers often use graphic boards during lectures in order to
interact with the presented materials at the highest possible level. In
addition to technology, the interaction is directly affected by the quality of
knowledge transfer by the lecturer. The number of meetings organized
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on the Microsoft Teams platform in the previous 30 days is shown in
Figure 2.

The amount of time spent on the platform in one week of

lectures
2000
1500
1000
- 10 1 1B
0 N
1-5 h 6-10 h 11-20 h 21+h

m Total participants of the meeting
m Participants with a video presentation
m Participants with a screen share

Figure 1 — The amount of time spent on the platform in one week of lectures
Cnuka 1 — KonuyuHa nposedeHoe epemeHa Ha nnamgopmu y je0Hoj Hederbu
npedasar-a
Puc. 1 — Konudecmeo epemeHu, nposedeHHO20 Ha riiamgopme 3a 00Hy Hedento nekyuli

Number of meetings in the previous 30 days

Instant 1: 1 meetings [ 487
Instant group meetings | 110
Instant "Meet now" within the channel [ 741
One-time meetings scheduled [ NNRNRDR: N 29016
Repeated meetings scheduled [ NNRNRDIENM~ME 3765

0 500 1000 1500 2000 2500 3000 3500 4000
B Number of meetings in the previous 30 days
Figure 2 — Number of meetings in the previous 30 days

Cnuka 2 — Bpoj cacmaHaka y npemxo0Hux 30 daHa
Puc. 2 — Konuyecmeo ecmped 3a npedbidywue 30 dHell
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The use of the Microsoft Teams application has increased by 1368%
since the university switched to online teaching. This is the information
obtained based on the use of the previous 90 days.

Video and presentation materials can be accessed through the Files
and Videos tabs on the Microsoft Teams platform. Each team / subject
has an identical structure that contains the following elements:

e Posts — notifications sent to students as well as test results

o Files — page of items for storage of presentation materials

e Class Notebook - the ability to take notes by students and
professors during and after lectures
Assignments — tests created for the team / subject

e Grades —review grade students

e Video materials — view student videos using the Microsoft
Stream application

Looking at the log files of the Microsoft Teams platform, we came to
the conclusion that the largest number of users access the platform via
computers with the Windows operating system, although a large number
of system users have the ability to access via mobile phone. The time
range of the graphs is 30 days. The distribution of licensed system users
can be seen in Figure 3.

Distribution of licensed system users
5000 4400
4000

3000 9932

2000 1550
800
1000
250 . I 35 100
0 [ | o —
Windows Mac Web OS Android Chrome Linux

phone (ON)

m Platforms

Figure 3 — Distribution of licensed system users
Cnuka 3 — Jucmpubyuyuja nuuyeHyupaHux KOpUcHUKa cucmema
Puc. 3 — PacnpedeneHue nuyeH3upo8aHHbIX Mosib3ogamerseli cucmems|
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It is important to note that students are allowed access from almost
all existing operating systems, which offers students additional flexibility
in terms of monitoring classes (Van Rousselt, 2021).

Technical presentation of the implementation of the
proposed solution

The existing infrastructure made it possible to retrieve student
information from the database. The information that was needed for the
successful completion of the integration is the student's e-mail and the ID
of the team in which the student is. Student information is automatically
read from the database and sent in .csv format to the shared disk of the
existing infrastructure. For this type of integration, a PowerShell script
was used, which is run using a .bat file every hour. It is primarily
necessary to create new student emails using the PowerShell
environment. The initial password for all University students is their
JMBG number. Changing all student passwords is enabled using the
PowerShell script. The first step in developing an automated proposed
solution is reflected in the creation of new student Microsoft Office 365
email addresses. The PowerShell script codes are shown in the next
section of the paper.

$ErrorActionPreference="SilentlyContinue"
Stop-Transcript out-null
$ErrorActionPreference "Continue”

$LogTime = Get-Date -Format "dd-MM-yyyy HH-mm-ss"
$LogName "Path-to-.csv-file"+$LogTime+".txt"
Start-Transcript $LogName

$username "username"
$password = ConvertTo-SecureString "password" -AsPlainText -Force

$psCred New-Object System.Management.Automation.PSCredential -
ArgumentList ($username, $password)
Connect-MsolService -Credential $psCred
Import-CSV "Path-to-.csv-file" -delimiter “,”|Foreach-Object {
$userCheck = Get-MsolUser -UserPrincipalName $_.UserPrincipalName -
ErrorAction SilentlyContinue
if($userCheck $Null){
$userName = $_.UserPrincipalName
Write-Host "User already exists! E-mail of student is:
"$userName
}else{
Write-Host "User creation begins"
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New-MsolUser -UserPrincipalName $_.UserPrincipalName -
DisplayName $_.DisplayName -FirstName $_.FirstName -LastName $_.LastName
-Usagelocation "RS" -LicenseAssignment
"singimail : STANDARDWOFFPACK_IW_STUDENT"

Set-MsolUserLicense -UserPrincipalName $_.UserPrincipalName -
AddLicenses "singimail:STANDARDWOFFPACK_STUDENT"

Set-MsolUser -UserPrincipalName $_.UserPrincipalName -
StrongPasswordRequired $False

Set-MsolUserPassword -UserPrincipalName $_.UserPrincipalName -
NewPassword $_.NewPassword

Set-MsolUser -UserPrincipalName $_.UserPrincipalName -
PasswordNeverExpires $True

}

}

Stop-Transcript

The mentioned script enabled the automation of creating emails
after enrolling a student at the University. The script retrieves information
from the existing Faculty Information System and creates new emails
based on them. Since students will use a large number of Microsoft
services, they need to be assigned the appropriate licenses. The licenses
that are added to each student account are “A1 for students” and “A1
Plus for students”. The assigned licenses carry all the appropriate
services for uninterrupted listening to online classes. The next step
defines the automation of adding students to the appropriate teams
selected through the eStudent platform.

$username "username"
$password = ConvertTo-SecureString "password" -AsPlainText -Force

$psCred = New-Object System.Management.Automation.PSCredential -
ArgumentList ($username, $password)

Connect-MicrosoftTeams -Credential $psCred

Import-Csv " Path-to-.csv-file" -delimiter "," foreach{Add-TeamUser -
GroupId $ .GroupId -user $ .email} -Verbose

The use of the script enabled the automation of adding new students
based on their email address and the ID of the team in which it is
necessary to enroll a new student.
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Also, it was necessary to make a connection between the existing
Faculty Information System and the Microsoft Office 365 platform. It was
necessary to associate the ID numbers of all teams with all acronyms
within the existing system. A link table has been created that contains
this data and that greatly affects the security and execution speed of the
existing scripts.

Demonstration of system upgrades on the existing
infrastructure

When we look at the presence of students in online classes in
relation to classical classes, we come to the conclusion that a larger
number of students more regularly approached classes in online format.
The statistics showing student attendance over a 30-day time range is
shown in Figure 4.

Number of active platform users
4500

4000
3500
3000

2500 u

2000

=e—Number of students

Figure 4 — Number of active users of the platform
Cnuka 4 — bpoj akmugHux KopucHuUKa rnnamagopme
Puc. 4 — Konu4yecmeo akmueHbIx nosib3oeamersiell nnamgopmbl

Based on the information from the system, we can conclude that on
average every day there were 3973 students who joined the Microsoft
Teams platform.

The interaction of students in relation to classical teaching is much
greater. The statistics showing student interaction over a 30-day time
range is shown in Figure 5. The illustration shows the relationship of
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meetings held with the microphone on and the camera on. The
recommendation to the lecturers is that their camera is turned on all the
time while they are teaching, so that the interaction of the lecture is at the
highest possible level.

Students interaction
40
35
30
25
20
15
10

(]

=@=Time with the active microphone =@=Time with the active camera

Figure 5 — Student's interaction
Cnuka 5 — lumepakyuja cmydeHama
Puc. 5 — Bzaumodelicmeue cmydeHmos

The implementation of such infrastructure has greatly reduced the
physical attendance at the University. Based on a test done on active
students accessing the Microsoft Teams platform, the result is that 83%
of students do only remote access type access while the remaining 17%
are university professors, assistants and administrative staff (Jenkins,
2020). The physical presence of students is shown in Figure 6.

The possibility of remote access to services directly affects the
flexibility and ease of use of the service itself. The fact that 83% of users
access the service remotely tells us that the access itself is greatly
facilitated.
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Remote access and onsite access

= Remote access
= Onsite access

Figure 6 — Remote access and onsite access
Criuka 6 — YdarbeHu npucmyn u oHcume npucmyn
Puc. 6 — YoaneHHsili docmyrn u docmyrn Ha mecme

Recommendations, development plan and next steps

According to the current situation in the country and the world, the
next step in the way of teaching is still unpredictable. For now, based on
testing, it is considered that the next step will be the joint implementation
of classical and online teaching. The combination of these two modes of
knowledge transfer is called Blended learning (Pal & Vanijja, 2020). This
way of teaching offers end listeners the opportunity to choose the format
of teaching as desired, as well as the opportunity to review the recorded
video materials after the lecture (Tucker, 2020).

Considering that this way of teaching is realized in one of these two
ways, we come to a new concept which represents a hybrid model of
teaching. This type of model offers the possibility of listening to lectures
simultaneously in both classical and online ways (Tucker et al, 2016). In
this case, it is up to the final listener to decide which way he wants to
listen to the lecture. The hybrid model represents a synchronous type of
communication while Blended learning represents an asynchronous type
of communication (Cheng, 2014). Asynchronous types of communication
can be used as a complement to the synchronous type of communication
(Stevens, 2020).

864




Conclusion

Faced with a situation that has befallen the whole world, most
educational institutions have been forced to switch to online teaching.
The result of the test of working with students on the Microsoft Teams
platform showed that by introducing a system for online teaching, we
directly affect the improvement and quality of teaching. In addition to the
impact on the teaching itself, a great influence was manifested in the
segment of reducing the costs of educational institutions in various fields,
such as the need for amphitheaters and electronic classrooms. The basic
concepts of computer network security and protocols for secure
communication between professors and students are covered. The main
purpose of this paper is to raise awareness of the importance of teaching
online. The increase in the number of users on the Internet leads to the
fact that adapting to the online type of teaching should not be a big
problem of adapting to end users.

The developed model can be used on all types of educational
institutions, regardless of what activities the institution is engaged in. The
authors plan to conduct further qualitative research on the effectiveness
of teams as a computer-supported collaborative learning (CSCL)
process. There are currently very few academic studies on this mode of
knowledge transfer. Continuing the development of such services and
joining learning systems (Learning management system, LMS) will
contribute to more significant studies that will be thrown by testing the
effectiveness of these teaching processes (Bond et al, 2019).

This way of knowledge transfer represents the future and it is very
important to continue research on the impact of online knowledge
transfer on both the quality and the economy of all countries. It is very
important to test the systems in the context of the theory of education
and in this case a social constructivist approach to shared learning can
be applied. A further application of this model of online learning enables
a larger sample that will contribute to better analysis and a better
application of distance working modes worldwide. Academics can use
this information as a basic idea to improve curricula. In the future, we
plan to work on a semantic analysis of the system in order to create a
better system for distance learning. In the meantime, other variables that
affect learning will be fully expressed and may also be added in the
future to explore correlations and impacts on the learning system. Future
studies may explore these models more broadly as well as the sense and
degree of influence of factors that may influence the learning model
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(Archambault & Borup, 2020), (Batty, 2020), (Dabija et al, 2014),
(Dellarocas, 2003).
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PYBPUKA T'PHTW: 20.00.00 THOOPMATUKA:
20.23.25 NHdopmaumOHHbIE cucTEMbI C 6aszamu,
12.00.00 HAYKOBELOEHWE:
12.21.35 Hayka, kynbTypa 1 obpasoBaHue

BWO CTATbW: opurmHanbHasa Hay4yHas ctaTtbs

Pe3some:

BeedeHue/uenb: B OaHHoU cmamee npedcmaerneHa
mpaHcghopmayusi  cyulecmsyrolie2o  Krnaccuyeckoeo  nodxoda K
oby4eHuro. OHnatiH-rnamegbopma ro3eorsisiem ecem cmyoeHmam, 6 mom
yucne U cmydeHmam C  O2PaHUYEeHHbIMU  803MOXHOCMSIMU
becripernsmcmeeHHO nocewams fiekyuu u 3aHamus. lNocne nekyuti oHU
Moeym ripocMompems 8udeo3anuch U rpe3eHmauyUuoHHbIe Mamepuaribl.
OCHO8HBIM rIPeuUMyu,ecmeoM mako2o criocoba obydeHus1 sensemcsi
B803MOXXHOCMb focewlames 3aHsamusi, Haxodsicb 8 mobol moyke ¢
nomouwibto 1106020 ycmpolicmea, eOUHCMBEHHbBIM YCII08UEM S8/1SI€MCS
Hanuyue MlHmepHema.

Memodki: lNpoussedeHa nonHass uHmezpauusi ¢ yxe cyuwecmsyrouwel
UHgbopmayuoHHoU cucmemol ¢hakynbmema. B cmambe onucaH Ho8bIl
nodxo0 K 0by4eHuro u rpusedeHbl oxXudaembie NMpeuMyLecmaea OHalH-
obyuyeHus. [llpueedem nnamgopmbl, UCMOIbL3yemMbie 8  OaHHOU
uHmeepauyuu: Microsoft Azure, Microsoft Office 365 Admin, Microsoft
Teams, Microsoft Stream u Microsoft SharePoint.

Pesynbmamel: Pe3yrnbmambl mecmuposaHusi pabomsi co cmydeHmamu
rokasanu, 4Ymo eHedpeHHasi cucmema OHnalH-0bydeHuUs umeem
HernocpedcmeeHHOE BIUSIHUE Ha YITy4YlEHUE Kayecmeo 0byYeHUsl.

Bbigodbi: Ydumbieasi ece pesyrnbmambl, MOXHO cderamb 6big0d, 4mo
OHraliH-0by4eHuUe [10380719em KOHEYHbIM CrlywamersisaM Mo/IHOUEHHO
yceaueampb 3HaHUS 80 6peMsi JieKyul, a makke OHU uMeerm
B803MOXHOCMb UX 108MOPHO20 MPOC/TyWUBAHUS].

JaHHoU MoOernbro MoXem os1b308ambCsl HEO2PaHUYEHHOE KOTUYECMB0
rnonb3ogamersneli U3 8CeX y4YpexOeHul, He3asucumo Om Mmoeo,
omHocumcs nu cgpepa desimesibHOCMU IMuxX y4pexoeHul K cucmeme
obpasosaHusi.

Knoyesbie  crosa: obpa3zoeaHue, OHnalH-obyyeHue, aHanu3
obyyeHusi, Microsoft Teams, Microsoft Azure.

MNPUCTYM HACTABW Y YCINOBUMA OTEXXAHOI NMPEHOCA
3HAHA YCINEO BAHPEOHOI CTAHA M3A3BAHOI NMOJABOM
NMAHOEMWJE
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OBJIACT: nHdopmaunoHe TexHonormje
BPCTA UJIAHKA: opvruHanHu Hay4Hu pag

Caxemak:

Yeodlyurb: Y osom pady npukasaHa je mpaHcghopMmayuja mpeHymmHoa,
Knacu4Hoe rnipucmyna Hacmasu. OHnajH nnamgopma omozyhaea ceum
cmydeHmuma, na u OHUM ca XeHOukerioM, 0a HecMemado rpame
Hacmasy y mepMuHy rnpedasara. HakoH moza, omoeyheHo um je Oa
npeanedajy eudeo u npeseHmauyuoHe mamepujane. [nasHa npedHocm
ogakeoe HaquHa rpedasarba jecme mMoeayhHocm Mpucycmeosara
Hacmaeu ca burso Koje riokauuje u ca buro Koe ypehajakoju je nosesaH
Ha UHMePHem KOHEKUUjY.

Memode: WsepweHa je nomrnyHa uHmeepauuja ca eeh nocmojehum
ghakynmemckum UHGhopMayuoHUM cucmemom. Pad onucyje Hoeu
fpucmyrn Hacmaeu u unycmpyje o4YekusaHe rpedHoCmuU  OHnajH
Hacmaee. [lnamgbopme Koje cy kopuwheHe y 080j uHmMezpayuju cy.
Microsoft Azure, Microsoft Office 365 Admin, Microsoft Teams, Microsoft
Stream u Microsoft SharePoint.

Pesynmamu: Pesynimam mecmuparba pada ca cmydeHmuma rokasao je
Oa ce yesoherem cucmema 3a OHMajH peanusayujy Hacmase OUPEKMHO
ymuye Ha nobosbwarbe U Keanumem Hacmase.

Sakrbyyak: Caenedajyhiu cee pesynimame moxe ce 0ohu 00 3aKkrbydka d0a
rpenasak Ha OHMAajH HavyuH npedasaa oMozyhasa Kpajhbum
cnywaoyuma ceeobyxeamHu MPeHOC 3Harba, Kao U He2080 MOHOBHO
npecnywasare. Ogaj modern je moayhe Kopucmumu Ha HeoepaHUu4eHOM
Opojy KOpuUCHUKa y c8UM UHCcmMumyuujama, 6e3 ob3upa Ha HUX08Y
derrlamHocm.

KmbyyHe peuu: eQykalyuja, OHNajH ydere, aHanusa Hacmaee, Microsoft
Teams, Microsoft Azure.
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Abstract:

Introduction/purpose: In this study, we investigated the possibility of
removing the organophosphorus pesticide malathion from water using a
new adsorbent based on the biowaste of river shell shards from the
Anodonta Sinadonta woodiane family, a material that accumulates in large
guantities as waste on the banks of large rivers. Two adsorbents were
tested - mechanically comminuted river shells (MRM) and
mechanosynthetic hydroxyapatite from comminuted river shells (RMHAp).

Methods: The obtained adsorbents were characterized and tested for the
removal of the organophosphorus pesticide malathion from water. In order
to predict the optimal adsorption conditions using the Response Surface
Method (RSM), the authors investigated the influence of variable factors
(adsorption conditions), pH values, adsorbent doses, contact times, and
temperatures on the adsorbent capacity.

Results: The best adsorption of malathion was achieved at mean pH
values between 6.0 and 7.0. The adsorption data for malathion at 25, 35,
and 45 °C were compared using the Langmuir, Freundlich, Dubinin-
Radushkevich (DR), and Temkin isothermal models, as well as pseudo-
first order, pseudo-second order and Elovic kinetic models for modeling
adsorption kinetics. The maximum Langmuir adsorption capacity for MRM
and RMHAp at 25 °C was 46,462 mg g and 78,311 mg g, respectively.

Conclusion: The results have showed that malathion adsorption on both
adsorbents follows the pseudo-second kinetic model and the Freundlich
isothermal model. The thermodynamic parameters indicate the
endothermic, feasible, and spontaneous nature of the adsorption process.

Key words: removal, adsorbent, kinetics, isotherms, optimization,
pesticide, water, river shells.

Introduction

The development of technology undoubtedly contributes to the
development of society; however, it also causes environmental pollution.
A distinct surge in the world’s population and an increase in food needs
condition the development of intensive agricultural production based on
the use of inputs to overcome factors that limit production such as
insects, fungi, weeds, and land scarcity (Kamga, 2019). The usage of
pesticides is intended to combat animals and plants that are harmful to
crops, thus enabling increased yields and ensuring the sustainability of
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the human population. Non-selective use of pesticides in agricultural
activities leads to the pollution of surface and underground water
accumulations. Due to its potential danger to health by entering the food
chain for humans and animals, pesticide pollution has reached alarming
proportions. (Chatterjee et al, 2010)

Pesticides are ecologically very important because of their high
toxicity to living organisms, including humans; the toxicological profile of
this pollutant poses a potential risk to the environment and public health
(Kamga, 2019). According to numerous studies, many insecticides such
as DDT, deildrin, heptachlor, and aldrin bioaccumulate in blood, milk, and
tissues and are also found in food products (Singh et al, 2010).

It has been confirmed that patients with acute organophosphate
poisoning suffer from problems such as vomiting, nausea, miosis,
excessive salivation, blurred vision, headache, dizziness, and
disturbances of consciousness (Singh et al, 2010). In the case of
malathion, which is one of widely used organophosphorus pesticides,
almost all the observed effects occur due to its active metabolite malacon
(Singh et al, 2010) on the nervous system or gives secondary effects to
its primary action.

Malathion is slowly absorbed through the skin, but is more rapidly
and efficiently absorbed via ingestion. Once they are absorbed,
phosphorothioates such as malathion are metabolically activated to the
“oxon” forms which have greater toxicity than the parent insecticide. The
metabolism of malathion leads to the formation of malathion
monocarboxylic acid, malathion dicarboxylic acid, dialkyl phosphate
metabolites, and other metabolites (Bouchard et al, 2003).

In recent years, research on the removal of pollutants from water
has been intensified, based on the phenomenon of adsorption, among
which the removal of pesticides from water occupies a special place. We
have a large number of potentially highly effective adsorbents for
removing pesticides from water such as activated carbon (Kamga, 2019;
Ohno et al, 2008; Hameed et al, 2009), but the high price of activated
carbon limits its mass use in many poor countries. Therefore, the
attention of researchers is increasingly focused on finding a cheap,
environmentally friendly, and highly efficient adsorbent to solve this
problem. Various adsorbents such as agricultural by-products, waste
materials, cheap minerals and biomass have been used to remove
various pollutants from wastewater (Chatterjee et al, 2010; Panti¢ et al,
2019; Baji¢ et al, 2013; Stevanovi¢ et al, 2020; Karanac et al, 2018;
Perendija et al, 2021).
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Malathion, an organophosphorus highly selective insecticide, is
widely used in agriculture worldwide (Chatterjee et al, 2010), primarily in
the control of insects, including mosquitoes, aphids, grass insects, and
many other parasites of vegetable crops and fruits. Until today, the
removal of malathion from wastewater has not been studied in detail and
only a few studies are available in this regard (Chatterjee et al, 2010).

The shards of river shells are waste that burdens a large number of
beaches and the banks of rivers, seas, and lakes. They also appear as
waste after use in human nutrition. The aim of this paper is to apply
shellfish as a cheap, widely available, environmentally friendly material
for removing organophosphorus pesticides from water. In this way, we
get a double benefit: we use waste that burdens the shores of different
watercourses to remove pollutants that load the water and cause
negative effects on life and health of humans and animals as well as on
the environment in general.

Materials and methods

Materials

A large number of different chemicals were used during the
research. Bearing in mind that the properties of the adsorbent, as well as
the research results largely depend on the purity of the reagent, high
purity chemicals were used:

— 5% hydrogen peroxide solution - H,O, (Sigma-Aldrich, PA),

— concentrated nitric acid HNOs (Fluka, ultrapure) - used for
digestion of shells in order to determine the elemental
composition and adjust the pH level,

— concentrated phosphoric acid HsPO4 (Sigma-Aldrich, PA),

— sodium hydroxide - NaOH (Sigma Aldrich, PA) - used to adjust
the pH of the solution in the adsorption process and titration
during the synthesis of adsorbents,

— 96% ethyl alcohol (Sigma Aldrich, PA) - used in the washing of
adsorbents,

— deionized water (resistance of 18 MQ cm) - used for sample
preparation and dilution of the solution,

— malathion, 60% technical solution (Galenika-Fitofarmacija) — used
for performing an adsorption experiment (as 20 mg dm™
concentration solution),

— biowaste of shellfish from the genus Anodonta Sinadonta
woodiane, collected from the banks of the Tisza River.

874




Synthesis of adsorbents

During the research, two types of adsorbents based on river shell
shards were synthesized and tested in the process of adsorption:
1. shells, washed, mechanically ground, sieved, washed, and dried
in a vacuum oven - clean shells (MRM), and
2. fish carp scales chemically modified by converting calcium
carbonate to hydroxyapatite by mechanosynthesis (RMHAp).

The shards of the Anodonta Sinadonta woodiane river shell were
thoroughly washed and rinsed in distilled water, air-dried for 24 h, ground
in a steel mill for crushing sediments and sifted into a 0.5 -1 mm
granulation powder. The shell powder was washed in vacuo with
deionized water, ethyl alcohol and dried in vacuo for 24 h at 110 °C to
give the first MRM adsorbent (mechanically prepared river shells).

In the stainless steel vessel of a planetary ball mill (Retsch PM100
CM), 10 g of MRM was mixed with 11.23 ml (18.92 g) of concentrated
H3:PO4 - CaCOs ratio: HsPOs — Ca / P = 1.67; zirconium beads were
added in ratio 20:1 of the bead mass to a sample and the mixture was
treated in a ball mill for 10 h at 500 grp for further mechanosynthesis.
After the treatment in a ball mill, the obtained mixture was washed
copiously in vacuo with deionized water to remove unreacted parts of the
acid and dried in vacuo for 24 h at 110 °C to obtain a second RMHAp
adsorbent (hydroxyapatite).

Material characterization methods

The synthesized adsorbents were characterized by FTIR, XRD,
SEM and EDS techniques. The elemental composition was determined
by a chemical elemental analyzer, the content of individual elements was
determined by dissolving in acids and measuring the content on a
plasma mass spectrometer with a plasma-coupled plasma ICP-MS
system Agilent 7500C (Agilent Technologies, Inc.) and an atomic
adsorption spectrometer. The concentration of malathion before and after
adsorption was determined using a gas chromatograph (GC) equipped
with a flame ionization detector (FID) - Varian 3400 with FID operating
system. The specific surface area of the adsorbent, the specific pore
volume, and the pore diameter were determined by the BET method of
adsorption / desorption in a stream of nitrogen at 72.4 K, using a gas
sorption analyzer Micromeritics ASAP 2020MP v 1.05 H. The infrared
Fourier transform spectrum (FTIR) was recorded in the transformation
mode between 400 and 4000 cm-1 at a resolution of 4 cm-1 using an
infrared (IR) spectrometer with Fourier transformation (FT) - Nicolet iS 50
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manufactured by Thermo Scientific. The adsorbents morphology was
observed using Tescan Mira 3 FEG scanning electron field microscopy
(FESEM). The morphological structure was determined by x-ray
diffraction, XRD, using an ENRAF NONIUS FR590 XRD (Bruker AKSS,
MA, USA) diffractometer with Cu Ka 1,2 radiation and a step / scan time
regime of 0.05/ 1 s. The pH value of the zero charge point (pHPZC) of
adsorbents was determined by the "drift" method (Gao et al, 2009).

Malathion adsorption research

Adsorption experiments were performed in a batch system where
the initial concentration of malathion solution was fixed Co = 20.32 mg L
1, and the adsorbent dose was varied from 100 to 1000 mg L. In order
to examine the pH value influence on the adsorption process, the pH
value was varied from 4.0 to 10.0. Thermodynamic and kinetic adsorption
experiments were performed at temperatures of 25, 35 and 45 °C, and
the adsorption process was monitored in a time interval of 10 to 180
minutes. The amount of adsorbed molecules was calculated as the
difference between the initial and equilibrium concentration.

The adsorbent capacity was calculated in accordance with Eq. (1):

_Gi-Cry,
m

q (1)

where ¢ is the adsorption capacity in mg g, Ci and Cs are the initial and
final malathion concentrations in mg L* (ug L?), respectively, V is the
volume of the solution in L, and m is the adsorbent mass, expressed in g.

Kinetic studies

The study of kinetics provides an insight into a possible mechanism
of adsorption along with the reaction pathways. The adsorption data were
analyzed by linear, non-linear least-squares and graphic methods in the
form of pseudo-first, pseudo-second-order (Lagergreen) and second
order models (Table 1).

Diffusion models such as Weber-Morris, Dunwald-Wagner model,
and Homogenous Solid Diffusion Model (HSDM) were used for modeling
diffusional processes/limiting step of the overall process (Table 2)
(Budimirovi¢ et al, 2017; Taleb et al, 2015; Taleb et al, 2019).
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Table 1 — Kinetic model equations
Tabnuua 1 — YpasHeHusi KuHemu4Yeckux modenel
Tabena 1 — JeOHaqyuHe KUHeMUYKUX mooerna

Kinetic model Nonlinear form Model parameters Equation
ki- pseudo first-order rate
constant, (min‘?)
Pseudo-first-order _ kgt ge- adsorption capacity at time t,
equation 9= 4.1 =e5) | (mg gt @
g- adsorption capacity, (mg g%
t - time, (mMin)
Pseudo-second order q= ‘ k2 - pseudo-second order rate
- 5 - .
equation 1 > L constant, (g mg* min?) ®)
(Lagergreen) ko,qé Qe
t
q= k> - second order rate constant,
Second order 1 - (L mg™ min) 4)
kzqe e
Table 2 — Equations of the diffusion kinetic models
Tabnuya 2 — YpasHeHus1 0ughghy3UOHHbIX KUHEMUYECKUX Modered.
Tabena 2 — JeOHa4uHe 0ughy3UOHUX KUHEMUYKUX Moderna
Kinetic model Nonlinear form Equation
Weber-Morris q=kVE+C 5)
6 1
4_y ——ZZ — exp[—n*K t]
Dunwald-Wagner | 9e meidn ©)
model 2
g (1- (1)) = - % e
g Py 2303
dq Dg 0 < 5 6q)
—_— = ——rc—
Homogenous Solid | dt  r2dr\ or
Diffusion Model (7)

(HSDM)

q 2R~ (- nar —Dg t w2 n?
— = 1+—2 xp [————
qs TT

n=1

sin—e
R

n RZ
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The activation energy for arsenate adsorption was calculated using
Arrhenius (Eg. 8):

5

k' = kyexp [RT

8)

where k (g mg? min?) is the pseudo-second order rate adsorption
constant, ko ( g mmol? min?) is the temperature independent factor, Ea
(kJ mol?) is the activation energy, R (8.314 J mol* K?) is the gas
constant, and T (K) is the adsorption absolute temperature. A plot of In K
versus 1/T gave a straight line with a slope —E«/R from which the
activation energy was calculated.

Isotherm models

The equilibrium adsorption data were fitted by the isotherm models
Langmuir, Freundlich, Temkin, and Dubinin-Radushkevich isothermal
models (Karanac et al, 2018).

The Langmuir equation is based on the assumption that the point of
maximum adsorption corresponds to a saturated mono-layer of
adsorbate molecules on the adsorbent surface - where the energy of
adsorption remains constant and no transfer of the adsorbate in the
surface plane occurs.

The Freundlich sorption isotherm, widely and reliably utilized as a
mathematical determining expression, allows for a calculation
encompassing surface heterogeneity and exponential distribution of
active sites as well as their respective energies (Karanac et al, 2018).

Temkin conceived this equation for subcritical vapors in micropore
solids where the adsorption process follows a pore filling mechanism
onto an energetically non-uniform surface.

The Temkin isotherm is based on the assumption that the decline of
the heat of sorption as a function of temperature is linear rather than
logarithmic. The Dubinin-Radushkevich model states that the adsorption
capacity depends on the adsorbed amount on the surface of the material,
differently from the Langmuir model." (Karanac et al, 2018).

The equations of adsorption isotherms models are presented in
Table 3.
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Table 3 — Adsorption isotherms equations
Tabnuua 3 — YpasHeHusi usomepmbi adcopbyuu
Tabena 3 — JedHavyuHe adcoprnyuUoHUX usomepmu

Isotherms Nonlinear form Model parameters Equation

ge- adsorption capacity at
th eequilibrium, (mg g%
Om- Maximum adsorption
K;C capacity, (mg g)
e = AmTLe K- Langmuir equilibrium 9)
1+K,C, constant, (L mg™)
C.- metal ion
concentration at the
equilibrium (mg LY)

Langmuir

Kg- Freundlich equilibrium
constant, (mg g*)(L mg
1\1/n

Freundlich q = KpCt/" n- Freundlich equilibrium (10)
constant (intensity of the
adsorption or surface
heterogeneity)

A -Temkin isotherm
equilibrium binding
RT constant (L g*)
Temkin g. =—In(AC,) b - Temkin isotherm (11)
¢ b € constant R-universal gas
constant (8.314J molK?)
T-Temperature at 298K.

e

2
Dubinin- 1
Radushkevich | % = qmexp{— B(RT )2[|n(1+CD ] (12)

Thermodynamic studies

The feasibility of the experimental data obtained from the adsorption
studies were analyzed through the thermodynamic investigation. The
parameters of free energy change (AG®, kdJ/mol), enthalpy change (AH®,
kJ mol?), and entropy change (AS°, J mol* K1) were calculated using the
Van't Hoff equations (13) and (14) (Karanac et al, 2018):

AG® =—RT In(b) (13)
AS?  AHO
|n(b) = ? - ﬁ (14)

The separation factor (Ry) is in relation to the Langmuir isotherm and
it is used to assess adsorption feasibility on the given adsorbent. It is
calculated using the next Eq (15):

_ 1
R.=mhey (15)
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where Co (mol dm3) is the initial adsorbate concentration, b (dm3®mol?) is
the Langmuir constant. The value of R, points out to the isotherm type:
irreversible (R. = 0), favorable (0 < R. <1), linear (R. = 1), unfavorable
(RL>1).

Statistical analysis of the experimental data

All adsorption experiments were repeated three times and the mean
values were taken for further processing and modeling. The obtained
results were analyzed using the normalized standard deviation Aq (%)
which is calculated using the following equation:

Aq(%) = \/Z [(Qexp QCal)/Qexp] +100 (16)

where Qexp and gca are the experlmental and calculated values of
adsorbed malathion, and N is the number of data used in the analysis.
The maximum deviation is <3%, which is an experimental error. Standard
errors for isothermal, kinetic, and thermodynamic parameters were
determined using the commercial software Microcal Origin 8.0 (Panti¢ et
al, 2019).

In order to confirm the adsorption model that best corresponds to the
experimental data, they were analyzed by the ANOVA variance analysis,
using the F value together with the values of the correlation coefficient
(R) from the regression analysis. (Panti¢ et al, 2019; Baji¢ et al, 2019)

Optimization of the experimental adsorption conditions

The optimization of the adsorption conditions was performed using
the RSM (Surface Response Methodology) method. Classical adsorption
optimization usually involves examining the impact of each variable
separately. However, it is difficult to predict optimal reaction conditions
based on such results due to possible interactions between different
independent variables involved in adsorption reactions. (Panti¢ et al,
2019; Baji¢ et al, 2019) Recently, various statistical programs have been
used that are useful to help establish the design of the experiment. Using
response surface methodology (RSM) as a mathematical function, it is
possible to examine the individual and interactive influences of different
variables in relation to different predictors. In that way, we get the optimal
conditions that are needed to get the best results. (Panti¢ et al, 2019) In
addition, it has been proven that the central composition design (CCD)
and the Bok-Behnken design (BBD) are efficient designs of RSM models
in optimizing the adsorption process. (Panti¢ et al, 2019) In this study, the
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synthesized modified adsorbent RMHAp was used to remove malathion
from water. The adsorption process is optimized by numerical and
graphical optimization methods using the Bok-Behnken design. We used
the design with four factors (input variables) and three levels of values in
which 29 experiments with five replications in the central point were
performed. The capacity of the adsorbent was taken as a response.
Extremely optimized conditions were confirmed by additional
experimental testing. The conditions of the adsorption experiment are
given in Table 4.

Table 4 — An experimental malathion adsorption plan was performed using a four-factor
BBD design with three levels of value
Tabnuua 4 — SkcriepumeHmarbHbIU rnaH adcopbyuu MaramuoHa € UCrofb308aHUEM
YembipexghakmopHozo BBD modenuposaHusi ¢ mpemsi ypOSHSIMU 8€1TUHUH
Tabena 4 — EkcnepumeHmarnHu nnaH adcopnyuje manamuoHa 0obujeH kopuwhermem
yemeopoghakmopckoz bb/] dusajHa ca mpu Hugoa epedHocmu

ordinal | o A B c D Resggnse
. H 0
number (mg/L) t (min) pH T(°C) (mg g
1 1000 95 7 45 14.1
2 1000 95 7 25 12.6
3 100 95 4 35 30.11
4. 550 95 4 45 12.05
5. 1000 180 7 35 15.06
6 100 95 10 35 27.4
7 1000 95 10 35 6
8 550 95 10 25 9.38
9. 550 95 7 35 24.3
10. 550 10 7 25 13.2
11. 100 95 7 45 71.2
12. 100 180 7 35 81.15
13. 550 95 4 25 10.1
14. 550 10 4 35 8
15. 550 95 10 45 13.1
16. 100 10 7 35 27.3
17. 550 180 7 25 28.5
18. 550 10 7 45 14
19. 550 95 7 35 24.3
20. 1000 10 7 35 5.21
21. 550 180 7 45 28.75
22. 550 95 7 35 24.3
23. 550 180 10 35 13.8
24. 550 95 7 35 24.3
25. 550 95 7 35 24.4
26. 1000 95 4 35 6.75
27. 550 180 4 35 15.11
28. 100 95 7 25 64.4
29. 550 10 10 35 5.6
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Results and discussion

Physical and chemical characterizations of adsorbents

The elemental composition of shellfish shards is given in Table 5.
This elemental composition is similar to that of other authors (Vei et al,
2018; Buasri et al, 2013) and indicates that shellfish shards are mostly
composed of calcium carbonate-based minerals ( calcite and argonite)
and the organic part of chitin that connects calcite structures. The
composition of shells also includes various microelements - ions, which
replace Ca?* in the structure of calcium carbonate and are incorporated
into the shell during its formation. The availability and rate of
bioaccumulation of these ions is a function of environmental and
biological factors. Thus, different habitats, contamination - the presence
in the water of different ionic species, different stages of shell
development can represent different patterns of metal incorporation.

Table 5 — Concentrations of major, minor and trace elements obtained in this study using
the ICP-AES and ICP-MS methods
Tabnuua 5 — KoHueHmpayuu 0CHOBHbIX, BMOPOCMENEHHbIX U MUKPO3IEMEHMOS,
rosly4eHHbIx 8 0aHHOM uccriedosaHuu ¢ nomouwibto memodos ICP-AES u ICP-MS.
Tabena 5 — KoHueHmpauuje enasHux, criopedHUX u MUKpoesieMeHama y mpazosuma
dobujeHe y osom ucmpaxusary npumeHom memoode UKIM-AEC u UKTI-MC

Element | Ca(wt%) | Fe(wt%) | Mgt%) | Siwt%) | Nawt%) | M”_1)
ICP-AES H9 g
Method 34.1 0.003 0.104 0.004 0.182 30.4
Cd Co Cu . _ Pb Zn
Element -1 -1 -1 Ni(ug g™") -1 -1
ICP-MS (bg 97 (b9 97) (b9 97) (bg 97 (bg 97)
Method 0.094 0.079 31.2 2.01 3.09 21.5

The analyzed shards of the river shell Anodonta Sinadonta
woodiane are composed of two polymorphs of calcium carbonate: calcite
and aragonite, with calcite being the dominant form. Recent studies have
found that the dominant CaCO; polymorph may be temperature
dependent - aragonite deposition is at high temperature and calcite
deposition is at low temperature (Kuklinski and Taylor, 2009; Ramajo et
al, 2015; Krzeminska et al, 2016). The confirmation of the composition of
the shells can also be seen on the spectrum of energy dispersive
spectrometry (Figure 1) where the main building blocks are observed
before (a) and after the modification of the shells (b). After modification,
we notice the presence of phosphorus in the adsorbent, which confirms
the transition of calcium carbonate to hydroxyapatite.
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Figure 1 — EDS spectrum of shellfish powder before (a) and after modification (b)
Puc. 1— Cnekmp EDS nopowka pakosuHb! 0o (a) u nocne modugpukayuu (6)
Cnuka 1 — E[JC cnekmap npaxa WkKosrbKe rpe (a) u HakoH mooughukayuje (6)

In the scanning electron microscopy photographs (Figure 2) with
different magnifications, we can clearly see the lamellar structure of the
shell. The lamellae consist of materials based on calcium carbonate
(calcite and argonite) with a thickness of about 1 um and with cavities
between the lamellae with a diameter of about 50 to 100 nm. They are
interconnected by organic polymer chitin; nanopores are observed on the
lamellae surface.
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Figure 2 — SEM representation of mechanically prepared shells at different magnifications
Puc. 2 — COM-u3o6bpaxeHue MexaHU4eCcKU No020MOoB/IeHHbIX PaKO8UH MpU PasiuyHOM
yesenuyeHuu
Cnuka 2 — CEM npuka3 MexaHUu4Ku rnpurnpemMrbeHUX WKOSbKU Npu pasnuyumum
yseharuma

After mechanosynthesis, the lamellar structure derived from calcium
carbonate is lost and we get the granular morphology of hydroxyapatite,
presented in Figure 3. Electron scanning microscopy images showed the
presence of rounded HAp microparticles in isolated and agglomerated
forms. Based on the observations, HAp particles can be considered as
microspheres whose crystal size is well below 1 pm.

The physical properties of the adsorbent, the specific surface area,
the pore volume and the zero charge point are given in Table 6. The
change in the pHezc value occurred under the influence of the change in
the surface properties of the adsorbent due to modification (Table 6). At
pH <pHezc, negatively charged species participate in electrostatic
attraction with a positively charged adsorbent surface and vice versa, at
pH> pHezc, electrostatic repulsion is a major factor leading to low
adsorption efficiency.
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Figure 3 — SEM representation of the shells modified by mechanosynthesis at different
magnifications
Puc. 3 — COM-usobpaxeHue pako8uH, MOOUhULUPOBaHHbLIX MEXaHOCUHME30M, rpu
pasnuyHoOM ysenuyeHuu
Crniuka 3 — CEM npuka3 mexaHOCUHMe30M MOOUGDUKOBaHUX WKOBKU MPU pasnuyumum
yseharuma

Table 6 — Physical properties of MRM and RMHAp adsorbents
Tabnuya 6 — ®usuyeckue ceoticmea adcopbeHmose MRM u RMHAp
Tabena 6 — ®usuyke kapakmepucmuxke MRM u RMHAp adcopbeHama

Specific Pore volume Mean pore
Adsorbent surface area (cmdg) diameter pHpzc
(m?g) d (nm)
MRM 2,58 0,096 6,7 7,2
RMHAp 1,95 0,088 9,18 7,05

Figure 4 shows the FTIR spectra of both adsorbents (MRM and
RMHAp) before and after the adsorption of malathion from aqueous
solution. In the spectrum a, the characteristic peaks at 710, 856 and
1460 cm indicate the carbonate group in the sample which confirm that
the sample contains CaCOs. In addition, small infrared absorption
spectra are shown at ~ 1790, and ~ 2874 cm™ and have been attributed
to regimens of combining different ranges of COs? (Khiri et al, 2016). The
spectrum at ~ 1083 cm ! is related to the C — O tensile vibrations as CO;
adsorbed on the CaO surface (Khiri et al, 2016).

The FTIR spectrum (c) of the RMHAp adsorbent showed
pronounced peaks at 560 cm™ corresponding to the symmetrical bending
regime of PO,> and 1064 cm® corresponding to the asymmetric
stretching regime of the PO4* group corresponding to the vibrational
structures of hydroxyapatite (Khiri et al, 2016). The large peak in Figure 4
in the spectrum a and a smaller peak in the spectrum c at 1460 cm '
represent carbonate (COs3), which is more pronounced before
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mechanosynthesis, i.e. before the conversion of calcium carbonate into
hydroxyapatite.

a) 1083 _
2874”7

W
3422 3384
c)

Transmittance

c)— HApg,
d) S HApShR/MaIathlon

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Figure 4 — FTIR spectrum of shellfish shards and modified shards before and after the
adsorption of malathion from aqueous solution

Puc. 4 — FTIR-criekmp OCKOJIKO8 pakos8uH U MoAUbUUUPO8aHHbIX OCKOIKoe A0 U rocsie
adcopbuyuu manamuoHa u3 600HO20 pacmeopa

Cnuka 4 — FTIR cnekmap sbywmypa WKOSbKU U MOOUGbUKOBaHUX Sbywimypa rpe U HakoH
adcopnyuje MmanamuoHa
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The characteristic vibration peaks of shell dust before and after
modification with a comparative review by other researchers are given in
Table 7.

Table 7 — FTIR shell powder vibration mode before and after mechanosynthesis (MRM
and RMHAp) and references
Tabnuya 7 — FTIR pexum subpayuu rnopolwka pakosuHbl 00 U ociie MexaHocuHme3a
(MRM u RMHAp) u ccbinku
Tabena 7 — FTIR pexum subpayuja rnpaxa WKosbKe ripe u rnocne mexaHocuHmese (MRM
u RMHAp) u pecbepeHuye

Vibration frequency (cm™)
Our research (Khiri et al, (Salma et al, (Islam et al,
FTIR 2016) 2010) 2013)
Symmetrical
deformation CO3s? 710 708 706
Asymmetric
deformations 856, 1460 855, 1454 857, 1455
COs%
Symmetric
stretching 1083 1082 1082
vibration CO3z%
COs> 1790 1786 1794
deformations
PO4* bending 560 565 560, 599
PO4* stretching 1064 1024 1046
COs? group 1460 1454 1424

After sorption of malathion (spectra b and d) on both adsorbents,
changes were observed in the appearance of new peaks, decrease in
their intensity as well as in their disappearance and displacement.

The diffraction analysis (XRD) results showed that the composition
of the river shell (spectrum a) mainly consists of two forms of CaCO3,
primarily calcite as shown by the diffraction peak at 26 about 29.52,
39.56, 43.27, 47.6, and 48.63 (Wei et al, 2018) and argonite (Islam et al,
2013). Other minerals are present in smaller quantities as a
consequence of the uptake of these minerals from the water during shell
formation. The XRD spectrum of synthesized HAp also shows relatively
high intensities and sharp peaks in the range of 23—-39 (about 25.80 and
32.90 (Skwarek et al, 2014) corresponding to (hkl) indices) at (002) and
(300), and lower peak intensities in the range of 40-39. 60, which is
consistent with the formation of the lower crystal structure of HAp.
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Figure 5 — X-ray diffraction analysis (XRD) spectrum of shellfish shards before (a) and
after modification by mechanosynthesis (b)
Puc. 5 — Cnekmp peHmaeHoscko20 dughpakyuoHHo20 aHanusa (XRD) ockonkoe pakoguH
0o (a) u nocne modugpukayuu mexaHocuHme3om (6)
Cnuka 5 — Cnekmap dugppakyuoHe aHanuse nomohy X-3paka (XRD) sbywmypa WKorbku
npe (a) u HakoH modughukayuje mexaHocuHme3om (6)

Influence of the solution pH on adsorption

The influence of the pH value on the system is manifested through
surface tension, surface properties, degree of ionization of groups
present on the surface of the adsorbent, as well as through the
speciation of ions in aqueous solution at a certain pH value.

The pH effect on malathion removal is presented in Figure 6. As
mentioned above, malathion retention depends on the nature of the
adsorbent. Removal by RMHAp adsorbent is greater than removal by
MRM. Similarly to the Saib study (Bouchenafa-Saib et al, 2014), the pH
value of 6 appears to be optimal for malathion sorption for both
adsorbents. At this pH, HsO" ions attract surface oxygenated adsorbent
groups, which could lead to the formation of a bond between H;O* and
any doublet without malathion-sulfur. Below and above this pH value,
adsorption is lower due to the hydrolysis of malathion at values higher
than 8 and lower than 5 and the formation of ionic species with lower
affinity for the adsorbent surface, i.e. precipitation contributes to ion
removal.
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Figure 6 — Influence of the pH value of the initial solution on malathion removal
Puc. 6 — BnusiHue 3HayeHusi pH nepsu4Ho20 pacmeopa Ha ydaneHue kapboghoca.
Crniuka 6 — Ymuuaj pH epedHocmu rnoyem+oz pacmeopa Ha yKiarmare ManamuoHa

Adsorption largely depends on the solution pH so the process itself
is more favorable at medium pH values. Also in the natural environment
(water) at pH values lower than 5 and higher than 8, malathion easily
hydrolyzes to metabolites that are more toxic than malathion itself
(Bouchard et al, 2003), which is another reason why sorption
experiments are performed at pH 6.

Adsorption kinetics

The effect of time on malathion adsorption was monitored in the
range of 10 to 180 minutes. The final equilibrium was established after
300 minutes but, since the difference in the removal of As (V) ions from
180 to 300 minutes ranged from 3 to 7% in order to speed up the
process, we took 180 minutes as the final time.

In order to determine the kinetic model that accompanies adsorption
in order to interpret the adsorption mechanism, we used pseudo-first,
pseudo-second-order and second-order models (Table 3).

Table 8 shows the kinetic parameters for malathion absorption on
MRM and RMHAp adsorbents.
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Table 8 — The kinetic parameters for malathion adsorption on MRM and RMHAp
adsorbents (Cimalathion) = 20.32 mg L}, pH=6; m/V =100 mg L, T =25 °C)

Tabnuua 8 — Kunemuydeckue napamempbi adcopbyuu manamuoHa Ha adcopbeHmax
MRM u RMHAp (Cl [manamuoH] = 20.32 mg L'l, pH =6; m/V = 100 mg L'l, T=25 OC)

Tabena 8 — KuHemuyku napamempu adcopnyuje manamuoHa Ha adcopbeHmuma MRM u

RMHAp (Cifmalathion] = 20.32 mg L'!, pH =6; m/V =100 mg L%, T =25 °C)

Adsorbent Model Pseudo-first Pseudo- Second-
parameters second order
Qe 37.247 53.589 53.589

MRM K (K, k2) 0.01589 0.00054 0.000093
R? 0.960 0.992 0.931
Qe 67.425 92.142 92.142

RMHAp K (k, k2) 0.02041 0.00031 0.00025
R? 0.974 0.994 0.941

The results shown in Table 8, according to the regression coefficient
(R?) and the standard error for all model parameters, indicate that the
kinetics for all adsorbents is best described using a pseudo-second order
model.

The rate constants of diffusion kinetic models, intra-particle diffusion,
Weber-Morris, Dunwald-Wagner and homogeneous solid diffusion
models for malathion adsorption on MRM and RMHAp adsorbents under
the same experimental conditions are presented in Table 9.

The complex nature of the kinetics of adsorption processes can be
described by observing the adsorption of all ions adsorbed on the
adsorbent as a single step, as described by a pseudo-second order
equation, but can also be described by consecutive / competitive steps.

The Weber-Morris model reveals two linear steps that describe the
adsorption process: fast kinetics in the first step and slower in the
second. The first linear part describes the external mass transfer to the
adsorbent surface, while the second part describes the process of
material transfer into the porous structure of the adsorbent, and strictly
depends on the size and shape of the pores as well as on the density of
their network on MRM and RMHAp adsorbents. Intra-particle and film
diffusions slow down the transport of adsorbates. In the final phase of the
process, adsorption takes place slowly until saturation is achieved on the
entire available surface of the adsorbent.
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Table 9 — Parameters of diffusion kinetic models (Ciimalathion] = 20.32 mg L, pH = 6; m/V =
100 mg L%, T =25 °C)
Tabnuya 9 — MNapamempbi Oughghy3uoHHbIX KuHemuyeckux modenel (Ci manamuonj = 20.32
mg L1, pH=6; m/V=100mgL?, T=25°C)
Ta6ena 9 — MNapamempu Oughy3uoHux kKuHemudkux moderna (Ciimalation] = 20.32 mg L2,
pH =6; m/V =100 mg L%, T = 25 °C)

Adsorbent Model Model parameters Values
Weber-Morris Step 1 kp1 (mg g min®5) 3.6188

(Intra-particle diffusion) C (mg g?h) 3.176

R? 0.995

Weber-Morris Step 2 kp2 (Mg g min??®) 0.304

(equilibrium) C (mgg? 40.247

MRM R’ 0.999
K 0.00711

Dunwald-Wagner model R? 0953

Homogenous Solid Ds 9.34 - 10°%?

Diffusion Model (HSDM) R? 0.950

Weber-Morris Step 1 kp1 (mg g min5) 6.792

(Intra-particle diffusion) C (mg g?h) 2.286

R? 0.998

Weber-Morris Step 2 kp2 (mg g! min%5) 0.608

(equilibrium) C (mgg?h 67.719

RMHAp R’ 0.999
K 0.00698

Dunwald-Wagner model R? 0956

Homogenous Solid Ds 9.24 - 10+
Diffusion Model (HSDM) R? 0.950

Adsorption activation energy

In relation to the results of the kinetic research performed at
temperatures of 298, 308, and 318 K, it is possible to determine the
activation energy using the Arrhenius equation (Table 10). The linear
form of the Arrhenius equation (19) is:

a
' E 19
InK' = — T+lnA (29)

where K' is the reaction rate constant at a certain temperature, Ea shows
the activation energy, R is the universal gas constant (8.314), T is the
temperature in K and A is the Arenius factor (frequency for a given
reaction).
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Table 10 — Pseudo-second kinetic model parameters for malathion adsorption on MRM
and RMHAp adsorbents (Cimalathion) = 20.32 mg L1, pH = 6; m/V = 100 mg L1)

Tabnuua 10 — Napamempsbi ncegdo-8mopo2o nopsidka KuHemudeckol modenu
adcopbuyuu manamuoHa Ha adcopbeHmax MRM u RMHApP (Ci anamuor = 20.32 mg L1,
pH = 6; m/V =100 mg L?)

Tabena 10 — NMapamempu nceydodpyeoe KuHemu4ykoz modesna adcopryuje MaiamuoHa
Ha adcopbeHmuma MRM u RMHAp (Cimalathion] = 20.32 mg L, pH = 6; m/V = 100 mg L%)

Adsorbent | Temperature | ge (mgg?) k2 (g (mg min)- R?

1
)

25°C 53.594 0.000537 0.992

MRM 35°C 57.658 0.000636 0.992

45°C 62.271 0.000706 0.993

25°C 92.142 0.000308 0.994

RMHAp 35°C 92.333 0.000351 0.995

45°C 94.224 0.000374 0.995

Physosorption or physical adsorption generally possesses energy up
to 40 kJ mol?, while hemisorption requires higher energy and activation
energy over 40 kJ mol! (Karanac et al, 2018). Based on the obtained
results where Ea for MRM is 10.816 kJ mol* and for RMHAp 7.711 kJ
mol?, we can conclude that the main mechanism of adsorption is
physical adsorption.

Adsorption isotherms

The state of interactions / bonds on the surface of the adsorbate /
adsorbent can be observed by fitting the experimental data with different
adsorption isotherms. The normalized correlation coefficient and
standard deviation were used to estimate the fit of the adsorption data.

The experimental data were compared with the Langmuir,
Freundlich, Temkin, and Dubinin-Radushkevich isotherm models already
discussed, the parameters of which are shown in Table 11. By analyzing
the experimental data on the adsorption of malathion molecules on the
tested adsorbents, the best fit for both adsorbents is given by the
Freundlich isothermal model. The results of modeling malathion
adsorption on the tested adsorbents are given in Table 11.
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Table 11 — Parameters of the adsorption isotherms of malathion adsorption on MRM and
RMHAp adsorbents
Tabnuua 11 — MNapamempsl usomepmbl adcopbyuu manamuoHa Ha adcopbeHmax MRM

u RMHAp.
Tabena 11 — lNapamempu3domepmu adcopryuje MaramuoHa Ha adcopbeHmuma MRM u
RMHAp
Agsr?tr' Isothermal models and parameters 5500 Temspseorgture 25°C
gm (Mg g 46.462 | 48.135 | 49.789
Langmuir KL (L mg?) 1.918 1.968 2.027
isotherm KL (L mol %) 633570 | 650164 | 669551
R2 0.992 0.994 0.995
. Ke (mg g) (dm3 mgH)tn 28.469 | 29.252 | 30.066
ﬁ;%‘:;‘g:‘;h 1in 0.182 | 0.189 | 0.195
R? 0.997 0.998 0.988
MRM Temkin A7 (dmég?) 443.06 | 376.95 | 329.44
isotherm br 4.95 5.25 5.54
R2 0.980 0.980 0.978
- gm (Mg g 34.25 35.18 36.12
R Kad (Mol k1) 917 | 915 | 9.2
h isotherm Ea (kJmol?) 7.38 7.39 7.40
R2 0.802 0.796 0.791
gm (Mg g 78.311 84.502 87.485
Langmuir KL (L mg?) 1.531 1.614 1.715
isotherm Kc (L mol'}) 505829 | 533409 | 566567
R? 0.980 0.982 0.985
. Ke (mg gb) (dm® mg)U | 39.432 | 42.473 | 44.313
Freundlich 1in 0.275 | 0.279 | 0.289
R? 0.998 0.996 0.987
RMHAP ek At (dm*gY) 80.950 | 19929 | 99368
isotherm br 10.03 10.17 11.05
R2 0.938 0.933 0.958
- gm (Mg g?) 47.82 49.48 51.05
Ra%ﬁg'ﬁl'(g'vic Kad (mol? kJ?) 8.84 8.81 8.78
h isotherm Ea (kJ molY) 7.52 753 7.55
R2 0.792 0.766 0.766

According to the Freundlich isotherm, the mechanism of ion
adsorption on MRM and RMHAp can be described as heterogeneous
adsorption, where the adsorbed ions / molecules have different
enthalpies and adsorption activation energies. The value of n from the
Freundlich isotherm is a measure of adsorption intensity or surface
heterogeneity. Values of n near zero indicate a highly heterogeneous
surface. Values of n <1 (Table 11) imply a hemisorption process, and
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higher values indicate combined adsorption, e.g. physisorption and
hemisorption with different process contributions at different system
balancing steps. The values in Table 16 indicate that the adsorption was
combined in all cases.

The calculation of the separation factor (R.) according to equation
(20) which is based on the parameter b of the Langmir isotherm indicates
the feasibility of adsorption on a given adsorbent. It is calculated using
the following equation:

R 1

L= a+ncy
where Co (mol L?) is the initial adsorbate concentration and b (L mol?) is
the Langmir constant. The value of R_ indicates the feasibility of the
adsorption process: irreversible (R. = 0), favorable (0 <R. <1), linear (R
= 1), and unfavorable (R.> 1). The R. for adsorption of malathion ions on
MRM ranges from 0.023 to 0.204 and for RMHAp from 0.027 to 0.243
indicating that the adsorption process is favorable.

(20)

a) 50 b)

aof e

A4 Exp. data 25°C

* Exp.data 35°C o 50T i 4 Exp.data 25 :c
= Exp.data 45°C E‘ 40| ® Exp.data 35 .C
Langmuir fit 25 °C — 7/ = Exp.data 45°C .
Langmuir fit 35 °C 30 L Langmir it 25°C
Langmuir it 45 °C i Langmuir fit 35 nC
10 | Freundlich fit 25°C 20 E I_Fangmu{r fit 45 C;
Freundlich fit 35°C 4 reund_\lch fit 25n (o]
Freundiich fit 45 °C 10 Freundlich fit 35 °C
Freundlich fit 45°C
0 , | \ . ) | | 0 . ) . ) .
o 2 4 6 8 10 12 14 0 2 4 6 3 10

C, (mg dm*) C, (mg dm?)

Figure 7 — Review of the results of the adsorption experiments with the best-fitting models
of isotherms (solid line) for the removal of malathion on adsorbents MRM (a) and RMHAp
(b)

Puc. 7 — O630p pe3ynbmamosg adcopbyUOHHbIX SKCrepuMeHmMos ¢ Hauboriee
noodxodsawumMu ModensiMu u3omepm (CriyiowHasi JIuHusi) 0ns ydaneHusi ManamuoHa Ha
adcopbeHmax MRM (a) u RMHAp (6)

Cnuka 7 — lNpeaned pe3ynmama adcoprnyuoHux ekcriepumeHama ca Hajéorne
YKIoMbeHUM Modesiuma u3omepmu (MyHa fluHuja) 3a yKnarbare ManamuoHa Ha
adcopbeHmuma MPM (a) u RMHAp (6)

Thermodynamic studies

Gibbs free energy (AG°), enthalpy (AH°) and entropy (AS°) were
calculated by Van’t Hoff equation (21) and (22):
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AG® = —RT In(b) (21)
ASY  AH®
In(b) = = @D (22)

where T is the absolute temperature in K, R is the universal gas constant
(8.314 mol! K1) and the adsorption constant b is calculated using the
Langmir isotherm (Table 12). AH® and AS° were calculated from the
slope and the sections in the diagram In(b) - T, assuming that the
adsorption kinetics values are stationary. The calculated thermodynamic
parameters are shown in Table 12.

Table 12 — Calculated Gibbs free adsorption energy, enthalpy and entropy for malathion
adsorption on MRM, and RMHAp at 25, 35, and 45 °C
Tabnuya 12 — Pac4em ceobodHoul adcopbuyuoHHoU aHepauu, rno [ubbcy, sHmanbnus u
aHmponusi adcopbuyuu manamuoHa Ha MRM u RMHAp npu 25, 35 u 45 °C
Tabena 12 — NpopayyH Nubcose criobodHe eHepauje, eHmarnmuje u eHmpornuje
adcopnyuje manamuoHa Ha MRM u RMHAp Ha 25, 35 u 45 °C

AG° (kJ mol?) AH° AS°
- -1 K- 2
Adsorbent o50C | 350C | a5°C (ler)noI J mf)l K R
MRM -43.07 | -44.58 | -46.11 2.18 151.75 0.996
RMHAp -42.51 | -44.07 | -45.66 4.47 157.56 0.997

Negative values of Gibbs free energy (AG®°) and positive values of
entropy (AS°) at all temperatures indicate that reactions in the adsorption
process take place spontaneously. A decrease in the Gibbs free energy
(AG®) with an increase in temperature also indicates that the spontaneity
of the reaction increases.

Positive values of AS® indicate a tendency of greater disorder of the
MRM and RMHAp surface systems and malathion solution. In Table 12,
we can see that the Gibbs free energy values (AG®) for both adsorbents
are approximate, and the positive entropy values (AS°) at all
temperatures, while the positive enthalpy values (AH°) for MRM and
RMHAp are noticeable, which indicates the endothermic process. In
general, the exchange of free energy in the case of physisorption is
somewhere between -20 and 0 kJ mol?, for simultaneous hemisorption
and physisorption between -20 and -80 kJ mol?, and hemisorption less
than -80 kJ mol®. The obtained results indicate that in these cases,
hemisorption and physisorption are present at the same time.
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Optimization of adsorption conditions

The individual interaction and the impact of various variables in
relation to different predictors were tested using the response surface
methodology (RSM) as a mathematical function by commercial software
design Expert 9. The mutual influence of the input variables was
analyzed by analyzing the variances of ANOVA using the quadratic
model of the equation shown in Table 13.

Table 13 — ANOVA variance analysis for a square response surface model for the
removal of malathion from water using the RMHAp adsorbent
Tabnuua 13 — JucnepcuoHHbiti aHanu3z ANOVA keadpamHoli Mmodesniu nogepxHocmu
omkrnuka 0ns ydaneHus manamuoHa u3 800kl ¢ Ucrornb3oeaHuem adcopbeHma RMHApP
Tabena 13 — Ananu3sa eapujaHcu ANOVA 3a keadpamHu moden jedHaqduHe memoode
003UBHUX MOBPWUHA 3a yKnarare ManamuoHa u3 eode rnomohy adcopbeHma RMHApP

p-value
Source Sum of square df Mean Square F Value Prob > F
Model 9102.20579 14 650.1575566 8.986135 0.0001
significant
A-dose 4873.88213 1 4873.882133 67.36423 < 0.0001
adsorbent
B-t 991.173633 1 991.1736333 13.69948 0.0004
C-pH 3.8988 1 3.8988 0.053887 0.8198
D-T 18.8000333 1 18.80003333 0.259844 0.6182
AB 484 1 484 6.689593 0.0215
AC 0.9604 1 0.9604 0.013274 0.9099
AD 7.0225 1 7.0225 0.097061 0.7600
BC 0.297025 1 0.297025 0.004105 0.9498
BD 0.075625 1 0.075625 0.001045 0.9747
CD 0.783225 1 0.783225 0.010825 0.9186
AN2 756.17519 1 756.1751903 10.45145 0.0060
B"2 37.4530282 1 37.45302815 0.517656 0.4837
Ccn2 1399.36149 1 1399.361488 19.34124 0.0006
D2 27.51492 1 27.51492005 0.380297 0.5473
Residual 1012.91668 14 72.35119167
Lack of Fit 1012.90868 10 101.2908683 50645.43 < 0.0001
significant
Pure Error 0.008 4 0.002
Cor Total 10115.1225 28
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A graph of the optimal conditions with respect to the input variables
for removing malathion from water using RMHAp is shown in Figure 7.

100.00 6.00

/\
100.00  (mg/L)  1000.00 10.00 (min)  180.00 4.00 10.00
dose ads. = 100.00 t=180.00 pH = 6.00
45.00 Desirability = 0.994
5
2500  (°C) 45.00 5.21 (mg/ig)  81.15
T=44.99 q=77.992

Figure 8 — Optimization of the input parameters in relation to the maximum capacity of
the adsorbent
Puc. 8 — Onmumu3sayusi 8X00HbIX napamempos 8 3agucUMOCMU Om MakcumMasibHOU
emkocmu adcopbeHma.
Cnuka 8 — Onmumu3sayuja ynasHux napamemapa y oOHOCY Ha MakcuMarHu Kkanayumem
adcopbeHma

Actual Factors Design-Expert® Software

C:pH=7.00
D:T=45.00

0.00 B: t (min)
100000~ 10.00

Figure 9 — 3D diagram of the mutual interactions of dependence of significant input
variables (adsorbent dose and time)
Puc. 8 — TpexmepHasi Ouagpamma 83aumodelicmaull 3agucumocmeli 3Ha4UMbIX 8XOOHbIX
nepemeHHbix (do3a u epemsi adcopbeHma)
Cnuka 8 — 3D dujazpam meljycobHUX uHMepakyuja 3agUcHOCMU 3Ha4YajHUX ynasHux
npomeHsbugux (0o3a adcopbeHma u epeme)
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Conclusion

MRM and RMHAP showed excellent malathion removal
performance. The results of isothermal, kinetic, and thermodynamic
studies suggested simultaneous physisorption and hemisorption between
malathion molecules and the surface of MRM and RMHAP adsorbents
during the adsorption process. The optimal parameters for the maximum
malathion adsorption were: system pH value - 6, adsorbent dose - 100
mg L*, adsorption time - 180 minutes, and temperature - 45 °C.
Adsorption was spontaneous and endothermic as described by
thermodynamic parameters. The Bok-Behnken's design within the
response surface method has been successfully used in the optimization
of experimental adsorption conditions, the goal of optimization being to
determine the optimal adsorption conditions with a smaller nhumber of
experiments. Optimization methods are maximally harmonized with the
principles of environmental protection thus reducing: the number of
experiments, the amount of consumed expensive and environmentally
harmful chemicals, and the generation of waste. The errors and the
predicted response values, derived from a mathematical model, showed
acceptable results and confirmed the favorable effect of the studied
factors on malathion adsorption using RMHAP. This paper investigates
the sustainable use of biowaste for the treatment of water contaminated
with organophosphorus pesticides, whereby the biowaste that burdens
the banks of rivers is used to remove water pollutants, thus leading to a
double benefit for the environment.
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N3MEJIbYEHHBIE PAKOBWHbI MPECHOBOAHbLIX MOJINOCKOB B
KAYECTBE AEWEBOIO AOCOPBEHTA ANA YOAJIEHUA
MAJNATUOHA 13 BOOAHOW CPE[bI: UCCINEAOBAHWA
N3OTEPMbI, KUHETWKWN, TEPMOONHAMUKA N ONTUMUSALINA
OKCMEPUMEHTAJbHbIX YCNIOBU METOAOM MOBEPXHOCTW
PEATMPOBAHWA
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Benbko P. [xokny®, HezosaH [1. BaHkoBnY?, [Mages . Otpucan'
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6 BoopyéHHble Cunbl Pecny6nnkn Cep6usi, OnbITHO-3KCNEPUMEHTASTbHBIN
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PYBPUKA TPHTWU: 61.00.00 XMNYECKAA TEXHOJIOINA.
XUMUNYECKAA MPOMBbILWUNEHHOCTb:
61.01.00 O6Lme BONPOCHI XMMUYECKOM TEXHOMNOMUU 1
XUMMUYECKON NPOMBbILLIIEHHOCTH.
61.01.91 OTxo4bl XMMUYECKMX NPOU3BOACTB U UX
nepepaboTka. BropuyHoe cbipbe.
PecypcocbepexeHue.
61.01.94 OxpaHa okpyxatLuewn cpeabl
BWO CTATbW: opurmHanbHasa Hay4yHas cTaTtbs

Pesrome:

BeedeHue/uenb: B daHHOU cmambe npedcmasrneHsbl pesyrbmams!
uccnedosaHusi B803MOXHOcmU  ydarneHusi ¢ocghopopaaHU4eCcKo20
necmuyuda ManamuoHa U3 800HOU cpedbl C MOMOWbIO HOB020
adcopbeHma Ha ocHogse buoomxodo8 — pPaKkoBUH MPECHOBOOHbIX
morockos cemelicmea Anodonta Sinadonta woodiane, mamepuana,
Komopbil 8 bonbwux Kosuyecmeax Hakariueaemcsi 8 aude omxo0o8
Ha nobepexbsix KPYrHbIX PEK.
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Memodebi: bbinu ucnbimaHbl 08a adcopbeHma — MexaHUYecKuU
U3MeJsIb4YeHHbIe peyYHble pakosuHbl (MRM) u eudpokcuanamum u3
U3BMEJIbYEHHbIX PEeYHbIX PaKOBUH, [OyYEHHbIU MexaHOCUHMEe30M
(RMHAp).  [lony4yeHHble  adcopbeHmbl  b6binu  uccriedosaHbl
(3nemeHmMHbIU aHanu3, CKaHupyowasi 31eKmpoHHas MUKPOCKOMUS —
SEM, sHepaoducriepcUoHHas peHmeeHoeckas criekmpockonusi — EDS,
peHmMeaeHoCmMpPyKMypHbIU aHanus - HRD, UHGbpakpacHas
criekmpockonusi ¢ npeobpaszosaHuem @ypbe (MK®C, FTIR) u
ucnbimaHbl MemodoM rpepbieaHuUsi Ha yoarneHue opaaHogphoCcpHopHOE0
necmuyuda manamuoHa u3 800HOU cpeldbl. Onmumu3sayusi ycrosut
adcopbuyuu nposodusiace MemodoM rosepxHocmel omknuka — RSM,
npu  amom  uccriedoeasiocb  8/USHUE epeMeHHbIX akmopos
(ycnosull adcopbuyuu), 3HaveHuli pH, 0o3 adcopbeHma, epemeHu
KOHmMakma u memMnepamypbl Ha adcopbyUOHHY0 CriocobHOCMb
adcopbeHma.

Pesynbmamsbi:  Haunyywasi  adcopbuusa  manamuoHa  Obina
docmueHyma npu cpedHux 3HadeHusx pH om 6,0 do 7,0.
MakcumarnbHasi adcopbyuoHHasi criocobHocmb JleHamiopa no MRM u
RMHAp npu 25 ° C cocmaensna 46 462 me 2-* u 78 311 me e-1.
Pesynbmamsi nokasanu, 4mo adcopbuyusi ManamuoHa Ha 0boux
adcopbeHmax coomeemcmeyem KuHemu4yeckol modesnu nceedo-
emopoeo  nopsidka u  modenu  uzomepmbl  DpeliHONuxa.
TepmoduHamudeckue napamempabl yKasblgearom Ha
3HOomepmuyecKkull, camMornpou380osibHbIU Xapakmep, npueMnauMbil 8
npouecce adcopbyuu.

Bbigodbi: B xo0e uccnedogaHus bbi noflydeH — Oewesbil
buocosmecmumbili adcopbeHm ¢ OmMAUYHbIMU adcopbUUOHHBIMU
ceolicmeamMu 8 OMHoWeHUU ManamuoHa. Takum obpa3om u3 omxodos8
MOJIIIOCKO8 U3eriekaemcsi 08oliHasi 8bleoda: UCMoMb3yomces omxoosbl,
KomopbIMU  3aearieHbl  r1obepexnbsi  pasfiudyHbiX 8000MOK08, U
ydanswomces  3agpssHsouue 800y  eewecmea, oOKasblearoujue
HezamusHoe 8o3delicmeue Ha OKpyXatowyro cpedy 8 Uesiom.

Knwouesble crioga: ydaneHue, adcopbeHm, KUuHemuka, U30mepmbl,
onmumu3sayusi, necmuyudbl, 8o0a, MPECHO80OHbIE MOJITFOCKU.

CMNPALLUEHE IbYWTYPE PEYHNX WWKOJIBbKA KAO JESTUHU
AJCOPBEHT 3A YKNAKLAHE MANTATUOHA 13 BOAE:
NCIMNTUBAHE N3OTEPMW, KMHETUKE, TEPMOOVNHAMUKE A
OMNMTUMN3ALUNJA EKCIMEPUMEHTAJIHMX YCNOBA METOJOM
OA3MBHUMX MOBPLINHA

3name C. Benuukosuh?, ayTop 3a npenucky, 5o2d0aH [1. Byjuuuh?,
Bnaduua H. CtojaHosuh?, Mpedpaz H. Ctojucasrbesnh®, SopaH J. bajuh?,
Berbko P. hokuh®, Hezosar [. ViBaHkoBuh?, ages M. OTtpucan'
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@ YHuBep3auTeT ogbpaHe y beorpaay, BojHa akapgemuja, Kategpa
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OBJIACT: 3awTnta XUBOTHE CpeanHe, XeMUjCKO UHXEHEPCTBO
BPCTA YJTAHKA: opurnHanHu Hay4Hu pag

Caxemak:

Yeod/uyurb: Y 080M ucmpaxuearsy ucrumueaHe cy MmoayhHocmu
yKnarbarba op2aHoghocghopHoe necmuyuda ManamuoHa u3 8o0e momohy
Hosux adcopbeHama Ha ba3u buoomrmada pedyHUX WKOSbKU U3 rnopoouye
Anodonta Sinadonta woodiane, Mamepujania Koju ce y 8elUKUM
Konu4uHama Hakyrrba Kao omrnad Ha obanama 8efUKUX peka.

Memode: CuHmemucaHa cy 0sa adcopbeHma: MexaHUYKU yCUMmH-eHa
peyHa wkorbka (MRM) u xudpokcuanamum 0obujeH MexaHOCUHMEe30M
u3 ycummeHux peqHux wkorbku (RMHAp). [obujeHu adcopbeHmu cy
OKapaKkmepucaHu (eflemMeHmapHa aHarnusa, ckeHupajyha enekmpoHcka
Mukpockonuja — CEM, enekmpoducrniep3usHa criekmpockonuja — E[]C,
peHOzeHcKa dugbpakyuoHa aHanusa — XP/], ®ypujesa mpaHcgopmayuja
UP 3paka — ©®TUP) u ucnumaHu y WapXHOM cucmeMy 3a yKiarbahe
opzaHoghochopHoz necmuyuda masamuoHa u3 gode. Onmumu3ayuja
ycrnosa adcoprnyuje usepweHa je memodom 003usHUX rogpuiuHa — PCM,
20e je ucriumaH ymuuyaj npomMeHsrbusux ghakmopa (ycrioea adcopnyuje),
nX epedHocmu, 0dQo3e adcopbeHma, e6peMeHa KoHmakma U
memrepamype Ha Karauumem adcopbeHma.

Pesynmamu: Haj6orba adcopnyuja manamuoHa rocmugHyma je npu
cpedrum nX epedHocmuma usmehy 6,0 u 7,0. MakcumarnHu JlaHemyupos
kanayumem adcopnyuje 3a MRM u RMHAp Ha 25°L] usHocuo je 46,462
me et u 78,311 me e, pedom. Peaynmamu cy nokasanu 0a adcopryuja
ManamuoHa Ha oba adcopbeHma criedu riceydodpyeu KUHemuyku moder
u @pojHonuxoe uzomepmHU Modes. TepmoOuHaMuyKu napamempu
yKasyjy Ha eHOoOmepMHy, CrioHmaHy U u3800sbugy npupody mpoueca
adcopnuyuje.

Sakbyyak: Y  moky — ucmpaxuearba  0obujeH je  je¢bmuH
buokomnamubunHu  adcopbeHm ca  00nUYHUM  adCcoPrUUOHUM
Kapakmepucmukama rpema ManamuoHy. Kopuwhewe omnada 00
WKO/BbKU 8prio  je KopucHo: jep omnad Koju onmepehyje obane
pasnudumux eodomokoea yKiarka 3azahueaye Koju onmepehyjy eody u
usasueajy HezamueHe echeKkme Ha XXUOMHY CpeOUHy yoruime.

KmbyyHe peuu: yknamame, adcopbeHm, KuHemuka, u3omepme,
onmumu3auyuja, necmuyudu, 800a, peYHe WKOJbKE.
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Abstract:

Introduction/purpose: The paper discusses the selection of the most
optimal supplier using the example of an unmanned aircraft when the
decision maker has data of a qualitative nature. Problems that arise in
practice in the selection of suppliers relate to the selection of adequate
criteria as well as the way they are evaluated by the decision maker. One
of the ways of assessing the criteria of a qualitative character is the usage
of linguistic expressions, which gives decision makers the freedom to
express their position and opinion through descriptive assessments. This
method of assessment is not the most accurate and can introduce a
certain amount of uncertainty for the decision maker.
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Methods: To solve the problem of uncertainty, the paper proposes a
method of modeling data using intuitive fuzzy numbers. Intuitive fuzzy
numbers are suitable for solving the problem of uncertainty in situations
when it is necessary to review safety during the assessment. To rank
suppliers, the ELECTRE method is used, which is adapted to intuitive
fuzzy numbers (IF ELECTRE). The IF ELECTRE method was chosen
because it clearly presents the potential of all suppliers, i.e. their
advantages and disadvantages in relation to the required criteria.

Results: Using IF ELECTRE, the final results provide a shape of mutual
preference or indifference between suppliers. The ranking clearly shows
the potential of all suppliers, which in a future procurement can serve as a
reference for decision making.

Conclusion: The contribution of this paper is reflected in the proposed
model that can be used in practice to solve not only the problem of
supplier selection, but also similar problems where the decision is made
based on inaccurate data. Using these models seeks to reduce indecision
and subjectivity in decision making.

Key words: fuzzy logic, fuzzy set, intuitionistic fuzzy set, IF ELECTRE
method.

Introduction

Making decisions based on a large number of different data and
information is a complex and demanding process. The decision-making
process is further complicated when different views and opinions of
experts are included in it or incomplete information about the decision-
making problem is available. In order to overcome the problems of
uncertainty, subjectivity and uncertainty, the theory of fuzzy logic is
developed Lotfi Zadeh (Zadeh, 1965; Zadeh, 1975a; Zadeh, 1975b). The
fuzzy logic theory has proven useful in complex systems where there is
uncertainty about the input data needed to make certain decisions as
well as in situations when a decision is made based on experience,
intuition and subjective assessment of parameters by the decision maker.
Initially, logic was applied mainly in engineering with the aim of solving
various practical engineering problems, but so far it has evolved and
found its application in areas such as artificial intelligence (Pokorni, 2021)
and (MiloSevic et al, 2021).

The fuzzy approach to solve a problem provides simple and clear
linguistic qualifications that describe the problem more relevantly. One of
the methods most commonly used to model linguistic qualifications is
various types of fuzzy numbers: type 1 (Dubois & Prade, 1978; Dubois &
Prade, 1979) and (Zimmermann, 1996), type 2 (Mendel, 2003), Z-
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numbers (Zadeh, 2011), rough numbers (Zheng et al, 2019), and intuitive
fuzzy numbers (Atanassov, 1983; Atanassov, 1986). The shapes of the
mentioned fuzzy numbers are most often triangular and trapezoidal, and
one can also find the shapes of parabolas, logistic curves, etc. Another
way to model inaccurate data is to use intervals. The interval is defined
by decision makers where they allocate linguistic qualifications to a
specific domain.

Problems that often occur in practice are problems of choosing the
most favorable option. Whether it is a problem related to a process,
activity or task, the decision maker makes judgments and decisions
based on the available data. By the nature of the decision that is made, it
contains a subjective attitude and opinion, regardless of whether the
decision maker is biased or not in one of the offered options.

The motivation for the research stemmed from the need to minimize
or eradicate the problems that occur when choosing the most optimal
supplier. The most common problems that can be noticed when choosing
a supplier are: wrongly chosen criteria and the presence of uncertainty or
hesitation in evaluating the alternative by criteria. Wrongly chosen criteria
can lead a decision maker in the wrong direction, which can result in a
high ranking of a supplier who does not have the potential to meet all
defined requirements. The presence of uncertainty and uncertainty in the
assessment is very difficult to remove, but in some way a solution to this
problem must be found.

A novelty in this paper is the definition of criteria for the procurement
of an unmanned aircraft from the point of view of military logistic support,
as well as the use of the IF ELECTRE method to model the uncertainty of
data that occur during the procurement of armament.

Therefore, the aim of this paper is to propose adequate criteria to be
considered for the procurement of unmanned aircraft, as well as for
finding ways to model and minimize uncertainty in decision making,
based on the example of choosing a supplier for unmanned aircratft.

To meet this goal, the research questions to be answered in this
paper are: What criteria to choose as the most appropriate for the
selection of suppliers of unmanned aircraft, how to model inaccurate and
unclear data, how to reduce uncertainty and hesitation in decision
making, as well as which method to use to rank suppliers without seeing
a clear picture of the preferences of all suppliers?

The topic - the choice of suppliers - has been important lately. A
large number of published papers deal with it using the fuzzy approach to
model uncertainty, while the most common methods of multicriteria
decision making are used for ranking. Hence the need to define
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adequate criteria, with price not being the main and decisive factor, as in
most other cases. So in this case, price does not play such an important
role although it is in correlation with all the criteria. Nowadays, unmanned
aerial vehicles are widely used for various military tasks, so it is
necessary to look at the criteria from the point of view of logistical
support.

In order to apply the mentioned methods of uncertainty modeling as
well as to make a decision on the most favorable option, the paper
analyzes the basics settings and algorithms of intuitive fuzzy numbers
and fuzzy Electre methods. Based on an example in practice, the
solution of the problem of choosing the most favorable supplier of
unmanned aircraft is presented. The selection is realized by evaluating
all options (alternatives) in linguistic terms based on defined criteria,
which are of a qualitative nature. Linguistic expressions are modeled by
intuitive fuzzy numbers whose domain is defined in the interval from O to 1.

Literature review

Bearing in mind that the aim of the paper is to model uncertainty
using intuitive fuzzy numbers, as well as to use the ELECTRE method
extended by intuitive fuzzy approach (IF ELECTRE) to rank suppliers,
this section of the paper presents a review of the literature.

The creator of intuitive fuzzy numbers is the researcher Atanassov,
who defined the fuzzy set and presented the mathematical apparatus. By
analyzing the literature, one can find a large number of papers where
intuitive fuzzy numbers were used. For modeling uncertainty using
intuitive fuzzy numbers, the idea was found by analyzing a large number
of papers where the results applied in practice justified the expectations
of the authors. Choosing a dream home (Shureshjani, 2021) used the
Best-Worst method extended with intuitive fuzzy numbers to make a
decision with a large number of criteria, because the input data was
unclear since decision makers were uncertain when evaluating
alternatives. To purchase a smartphone (Arunodaya et al, 2020), he used
an intuitive fuzzy approach combined with the MABAC method. Due to
the impact of the COVID-19 pandemic on the agile choice of external
suppliers of appliances (Goker, 2021), a model for outsourcing
performance identification has been developed. By applying the intuitive
fuzzy approach, the need for more agile providers was solved. The
influence of the unclear numbers on the final results is presented using
the example of risk assessment in construction projects (Smidovnik &
GroSelj, 2021). In addition to the above analyzes of the application of the
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intuitive fuzzy approach, there are a number of papers from which the
following solutions to the problem stand out: slow supply in the supply
chain (Tavana et al, 2016), energy security assessment (Alipour et al,
2018), supplier selection (Kaur, 2014), selection of computer
performance (Nirmala & Uthra, 2017), job selection for investing money
(Zeng et al, 2014), selection of a nuclear power plant site (Das et al,
2017), and risk analysis of changes in industry (Kushwaha et al, 2020).

There are a number of methods and approaches for ranking
alternatives. This paper uses a multi-criteria model of Electre (Elimination
and Choice Translating Reality) developed by Bernard Roy and
Bouyssou (Roy & Bouyssou, 1986) with their collaborators. In the
literature review so far, the method of intuitive fuzzy ELECTRE (IF
ELECTRE) has been used in a large number of studies that have solved
certain problems related most often to comparing options and
understanding the advantages of one option over another. Rouyendegh
(2018) preferred intuitive fuzzy numbers over ordinary fuzzy numbers
due to the complexity of problem solving as well as the indecision of
decision makers in assigning values to the considered alternatives. Also,
the original ELECTRE method cannot be efficiently managed due to the
lack of precise data, so it is necessary to use the IF ELECTRE method.
Rogulj and Kilic Pamukovi¢ (Rogulj et al, 2021) used IF ELECTRE to
support decision makers in the process of managing the project of
removing construction barriers for schools with children with disabilities.
They chose this method because the results of applying the model
clearly reflected the difference in the annihilated options. Also, it was
used for the selection of suppliers of raw materials (Komsiyah et al,
2019), for the evaluation of the criteria of public transport projects (Jacek
& Kruszyhski, 2015), for the selection of the best project (Rouyendegh &
Serpil, 2012), and for the selection of means of transport for logistic
systems (Sokolova & Chernov, 2016).

The advantages of applying IF ELECTRE is the most efficient
modeling of hesitation and uncertainty of the decision maker, i.e. its
reliability in relation to other methods that are sensitive to the confidence
of the decision maker in the assessment. By applying IF ELECTRE, a
comparison of alternatives can be achieved even in situations where
there is no clear preference for one of the alternatives. The results clearly
present the potential of suppliers, and the method provides insight into
how preferential some suppliers are over others and vice versa.

The limitation of the application of this method is a very complex
mathematical apparatus, which makes it difficult to apply. For a larger
number of alternatives and criteria, i.e. a large number of input data, it is
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necessary to apply the method by programming in certain software
packages. Other methods need to be used to determine the weights of
the criteria because the IF ELECTRE method does not provide this
possibility.

Intuitive fuzzy number analysis

The intuitive fuzzy number is suitable for modeling inaccurate data
where the decision maker is unsure of the evaluation of a particular
criterion, so that this uncertainty can be presented quantitatively.

The intuitive fuzzy set Au X ={x}, (Atanassov, 1983: Atanassov,
1986) is represented by the following expression:

A:{x,y;\(x), v;\(x) ‘ X € X} (1)
where: ,uA(X)—>[0,1] and VA(X)—> [0,1], and where the following
condition applies: 0< ﬂA(X)Jr VA(X)S]. vxeX.

The value y;\(x), v;\(x)e [0,1] denote the degree of affiliation and the

degree of non-affiliation X for A.
For each intuitive fuzzy set X, valid: 7. (X):l—yN (X)—vN (X)
A A A
where 7Z(X) is the intuitive index X inA, that is, the degree of
A

indecision.
The intuitive index 7. (X) indicates the degree of indecision of
A

decision makers in making an assessment.
For z.(x) the following conditons also  apply:
A

0<z (x)<1  W¥xeX,
A
as well as 7_(x)=1— . (x)—[l— . (x)} =0 VxeX non-affiliation
A A A

x forA.
For intuitive fuzzy sets, it is important that they give the function of
belonging and the function of non-belonging of a point at the same time

X in the fuzzy set A.
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The intuitive fuzzy set A :{X, M (x) v, (x)

XEX}

which belongs to the set of real numbers is called the intuitive fuzzy
number if:

- there are at least two points X, X €X such that
- (%) =1 and VA(X1):1’

A
- affiliation function . is fuzzy convex, and the function of non-
A
affiliation v, is fuzzy concave,

- WM. is semi-continuous from above, and v, is semi-continuous
A
from below,

- SUp A= {x eX, v_(x) <1} is located in a confined space.
A

To compare the two intuitive fuzzy numbers (Chen, 2019), the
following rules apply:

A'=(u,, 8, 7,) and B'= (1,9, 7,)

Dp, 2y and g, <4, then A> B;

2)u, = u,and 9, =9, then A=B;

S,=u,—% andH, =, +9, (2)
3)S, >S;, thenA> B;

4)S,=Sgand H, =H;, then A=B;

5)S,=Szand H, <H,, then A<B;

If A'and B' are intuitive fuzzy numbers, then the following rules
apply (Atanassov, 1983):
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A B = (% 1, (X) + 41, (0) — 1, (X) % 1, (0, 0, () <0, ()| X € E};
A= B = {(x,min(4, (), 1, (x)), max( v, (), 4, () | X € E};
A®B" = {(x, 1, (X)x 4, (), 1, (%) +0,() ~0, (X) x 3, (%) | X € E};
A" B, WX e E, 4,(X) < 14, (), 0,(X) 2 0, (X);

A'=B' WX E, 1,(X) = (), 0,(X) = 0, () ©
A AT ={(% 0,0, 1,(X) | x € E;
AN B = {(x,min(, (), 4, (x)), max( v, (x), 0, (x)) | x € E};
A'UB' = {(x,max(, (X), 4, (x)), min( v, (x), 0, (x)) | x € E};
If two intuitive fuzzy sets are observed

A:{x,yA(x), v;\(x), ﬁA(X)‘ X e X} and B={x,yé(x), vé(x),né(x)‘ X e X},

where is Az, :ﬂA(Xi)—ﬂé(Xi)’ Av, :VA(Xi)_Vé(Xi)

and Az, =7_(%)—7.(x), the distance between two intuitive fuzzy sets
A B

can be calculated according to the following expressions given in Table
1.

Table 1 — An overview of how to determine the distance between two intuitive numbers
Tabnuya 1 — O630op criocobos onpedeneHusi paccmosiHue Mexoy 08yMsi UHMYUMUBHO
MOHAMHbIMU Yucnamu
Tabena 1 — lNpeaned Ha4uHa odpehusara ducmaHuye usmehy dea uHmyumueHa 6poja

Author Analytical expression
Hamming
(Atanassov, | distance
1986) 173 B ) ) i
dh(A,B)fzx 30 () = () [+ 103(%) =0, () | +] 2, (%) =, (}) ) | 22 X = {Xgy0 %, }
i=1

Normalization of Hamming distance
(Atanassov,

1986) d, (A B)=21n{i(| ua(xi)—ﬂt,(xi)|+|va(xi)—ub(xi)|+|fra(xi)—zzb(xi)n}
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Author Analytical expression

E'uclidean
(Atanassov, distance
1986) R ) ) ,

d.(AB)= EX Z(:ua(xi)_:ub(xi)) + (0, (%) =0, (X)) + (7, (%) — 7, (%))

i=1

Normalization of Euclidean distance
(Atanassov, 1 .
1986) d,.(AB)= \/2n><|:2(ﬂa(xi) = 14,(6))° + (0, 06) =0, (%)) + (7, (%) _ﬂ-b(xi))zJ

i=1

Park et al 19 _ _
(Zoeirs)eta. Dp zl—ﬁg‘Aﬂi(xi) , Where AT, —ﬂA(Xi) 7Z'l_3 (Xi)

D(A, é) —1_ ‘z(ﬂA(Xi)fﬂB(Xi)) 7(VA(X|) 7VB(Xi))‘ X(l— ﬁA(Xi)—ﬂB(Xi) j_
(Chen, 3 2
2016) [2(vA00) = Ve (%)) = (10 (%) — 5 () X[l_ 25 (%)~ (%) J

3 2
A B)— 13 2 2 2 2 ‘mi(xi)—mé(xi)
(Luo & Ren, | DAB) —1—%§[yA(xi)—yB(xi) +HvA) —vE (%) +2J,
2010) where: m,(x,) =M that m (x,) :M
. 1@

hangs, | DD 720 Z (000 =8 00l (x) e (1))
Fu, 2006) where: 8, (%) = 22, (%) + A (%) 14 (%), that 05 (%) = 245 (%) + 75 (%) 25 (%)

a\ (%) =VA(X) +ma(X)Va(X), that g (%) =va (%) + 75 (X)Ve (%)

Analysis of the fuzzy Electre algorithm extended with

an intuitive fuzzy number

There are a number of methods and approaches for ranking
alternatives. In this paper, the multi-criteria model Electre (ELimination et
Choix Traduisant la REalité) developed by Bernard Roy and his
collaborators (Roy & Bouyssou, 1986), is used. The ELECTRE method
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allows the decision maker to choose the best choice with maximum
advantage and minimum conflicts in the function of different criteria, i.e. it
clearly provides a picture of the value of each alternative. The method is
based on pairwise comparisons of alternatives, which means that each
alternative is compared with all other alternatives, based on which final
recommendations can be made. The main advantage of this method is
that it avoids compensation between the criteria and any normalization
procedure, which distorts the original data. The method is based on
pairwise comparisons of alternatives, which means: if the alternative "a"
is better than the alternative "b" for most criteria and there is no criterion
according to which the alternative "a" is strictly worse than the alternative
"b", it can be said that the alternative "a" is better than the alternative "b".

This section presents the fuzzy Electre method extended with
intuitive fuzzy numbers (Rouyendegh, 2018) and (Wu & Chen, 2011).
The algorithm of the extended method is further presented through six
steps.

Step 1. Formation of a decision matrix, where the decision maker
evaluates the alternatives according to all criteria. Grades are expressed

using intuitive fuzzy numbers X; = (:uij ,vij).

(/*Lulvn) (/'ﬁz’vlz) (luln’vln)

X = (/*‘111\/11) (:uzz’vzz) (/UZH'VZH) 4)
(/u31’V31) (/uszivsz) (:u3n'v3n)
(/umllvml) (:umZ’VmZ) ( mn'an)

Step 2. Different methods can be used for determining the weight or
importance of the criteria: usually the decision maker decides which
method will determine the importance of each criterion, where the

n
condition must be met so that: ZWJ. =1, where 0< o; <1.
j=1
Step 3. Defining sets:
A) consent C,:

Cu :{j‘,ukj > pi,Vyy <V 1 7 <7rij}
C'kI ={j‘,ukj > 14,V <V iﬂ'kj Z?Z'ij} (5)

C:, :{j‘:ukj = i, Vy 2Vij}
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B) discrepancy D, :
D, :{j‘,ukj < M Vg Z Vi, Ty 27rij}
D, ={j‘ykj <y Vg 2V, 7 <7zij} (6)
D :{j‘ykj < Vg <vij}

Step 4. Formation of the consent matrix Cpq is the result of approvals
and their weights; it is realized in accordance with the following:

Ui =@, % D 0+, x Y 0 +o,x Y o, (7)
i<, =3 i<c,
- 01, O
G- 92 - Oom
g(m—l)l - g(m—l)m

gml gm2 gm(m—l)
where W={coca)ca)ca)Da)Da)D} is the relative importance of the

criteria that decision makers can subjectively determine, so that the
consent matrix can be written:

k12 klm
K = ey - Kam where k,; = g* — Oy (8)
Ky - - Kin-m
kml kmz I(m(m—l) -

g~ is the maximum consensus index.
Step 5. Formation of the matrix of discrepancies qu is the result of
discrepancies and their weights, realized in accordance with the following

maX-6Dia);><d Xir X . -
hki: — ( J “)’a)D:{a)d’wD'a)D} 9)
max;_,xd (X, X;)
- hlz hlm
H— h,, Py
h(m—l)l h(nH)m
hml hmZ hm(m—l)
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The discrepancy matrix is:

12 I

L - . Ln |, where li =h"—h,, (10)

im

(m-1)m

m(m-1)

h" is the maximum discrepancy index.

Step 6. Forming a dominance matrix R which represents the
aggregation of the safety matrix and the uncertainty matrix, and it has the
following form:

I

Im

_ .
Ro| ™= n |, where r, =X (11)

r(mfl)l - r(m—l)m ki Iki
r r r

ml m2 m(m-1)

Ranking of alternatives is realized in accordance with the
following:

T =L Z i, k=12,...,m, (12)
M—Li 0«
where the best alternative is the one with the maximum value:
A= max {T’k} (13)

Defining criteria and linguistic qualifications

When procuring funds, the decision maker is guided by the criteria
that the asset should meet. The criteria are usually of technical and
tactical nature. In most cases, the price criterion is taken into account
when choosing a supplier. In this paper, the price criterion is not directly
considered, bearing in mind that it indirectly influences the formation of
other criteria that are interesting when it comes to the selection of
suppliers of unmanned aircraft. It is known that in most papers, criteria of
guantitative and qualitative nature are used. Quantitative criteria are
easier to process, more understandable and acceptable to the decision
maker, and as such cannot be changed. In this paper, the decision
maker used criteria of a qualitative nature, which greatly complicates the
decision-making process, given that qualitative evaluation criteria use
linguistic variables.
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Defining linguistic variables is one of the first steps in forming a
fuzzy model, so it is necessary to first name the linguistic variable,
determine the number, shape and area of affiliation. According to
(Tanasijevic et al, 2007), there are no explicit recommendations on how
to name the appropriate linguistic variables.

Linguistic variables are represented through linguistic expressions
(small, medium, large, etc.) and linguistic values (moderate, very, about,
more or less, conjunctions "and" and "or", etc.). Linguistic variables are
words from natural language. In order for linguistic variables to be used
as qualitative values in fuzzy logic, it is necessary to translate them in the
fuzzy number which has its own domain, i.e. membership function.

Defining the domains of each fuzzy number is the task of the
decision maker, so that it corresponds to the physical boundaries of the
variable. If the variable is not of physical origin then the domain is defined
on a set of real numbers belonging to a predetermined domain such as a
standard scale of measures. The next parameter that is very important in
modeling is granulation.

Granulation represents the number of fuzzy sets that describe
uncertainty, i.e. the number of linguistic statements by which the
considered uncertainty can be described in a sufficiently good way. It is
recommended that a maximum of seven linguistic terms be commonly
used (Lootsma, 1993), as the human brain can focus attention on a
maximum of seven items at a time. Increasingly, problem-solving
software writing tools, such as Matlab, are being used to solve problems.

In this paper, for the purposes of evaluating the criteria, the following
linguistic expressions are defined, presented on the interval: very low
(VL) on the interval [0, 0.2]; low (L) at interval [0.2,0.4]; medium (eng.
Medium - M) on the interval [0.4,0.6]; High (H - H) at interval [0.6, 0.8]
and Very high (VH) at interval [0.8, 1]. The values on the interval are
determined by the decision maker who gives evaluations based on
his/her experience and expertise in the problem to be solved.

Application of the proposed algorithm

This section will show the application of the model for the selection
of suppliers using an example of the procurement of an unmanned
aircraft. To select the most suitable supplier, the fuzzy Electre method
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described above and extended by an intuitive fuzzy number is used. An
intuitive fuzzy number is used to model the uncertainty and inaccuracy in
the evaluation of the criteria. The importance of the criteria and the
relative importance of the criteria are determined subjectively by the
decision makers based on their knowledge, experience and their own
assessments.

Six suppliers (suppliers from Al to A6) applied for the tender. The
decision makers selected four most important criteria in their opinion,
such as: business (K,), customer relations (K,), technology (Ks;) and
logistics (K;). The "business" criterion is assessed on the basis of the
reputation, financial stability and management capacity of the supplier.
The criterion of "customer relations" is observed through previous
experiences, business references and ease of communication with the
supplier. The criterion of "technology" is observed through capacity, the
possibility of developing new products, improving existing products and
the ability to solve problems. The criterion "logistics" is observed through
delivery time, maintenance support, flexibility in changing orders, and
reliability of delivery.

The decision maker determined the importance of W=[w1,w2,w3,w4]
for each criterion according to the following: business w;=0.1, customer
relations w,=0.2, technology ws=0.3, and logistics w,;=0.4,
as well as the relative importance of the criterion W '= [wc, wc', wc ", wd,
wd ', wd"] in accordance with the following W' = [1,0.66,0.33,1,0.66,0.33].

Determining the evaluation of each criterion observed for each
alternative (supplier) is based on knowledge, experience and
assessment of decision makers. Grades are modeled by an intuitive

fuzzy  number Z\:(,ui,gi,ﬂi) and presented at intervals
0<4<10<8 <10<x <1.

Based on the collected data and research, the decision maker
evaluated all alternatives according to all criteria and presented the
results in Table 2.
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Table 2 — Decision matrix modeled by intuitive fuzzy numbers
Tabnuua 2 — Mampuua peweHut, cmModenuposaHHasi UHMyUMUBHO MOHSIMHbIMU ¢ha33u-
qucnamu
Tabena 2 — Mampuua odny4usara ModesiogaHa UHMyumusHuUM ¢hasu b6pojesuma

K1 K2 K3 K4

Hi Ui i Hi Ui i Hi Ui i Hi Ui i
A
Al | 0.23 | 0587 | 0.183 | 0.61 | 0.2 | 0.19 | 0.192 | 0.63 | 0.178 0.75 0.15 0.1
A2 | 0.33 | 0.554 | 0.116 | 0.25 | 0.61 | 0.14 | 0.63 | 0.192 | 0.178 | 0.0984 | 0.45 | 0.452
A3 0.3 0.197 | 0.503 | 0.45 | 0.36 | 0.19 | 0.259 | 0.56 | 0.181 0.31 0.66 | 0.03
A4 | 0.37 0.62 0.01 | 0.36 | 0.45 | 0.19 | 0.337 | 0.484 | 0.179 0.15 0.82 | 0.03
A5 | 0.38 0.2 042 | 029|039 032 032 0.35 0.33 0.5 0.25 | 0.25
A6 | 0.259 | 0.56 | 0.181 | 0.24 | 0.35 | 0.41 0.3 0.28 0.42 0.45 0.28 | 0.27

Following the steps applied in the fuzzy Electre method extended by
an intuitive fuzzy number, the following results are obtained:

a) Results of the obtained consent conditions C,, and the non-

b)

compliance conditions D,, based on expressions (5) and (6)

o4
1 - 33
Ci= -
- 4 - -
14 - -
- 2 24
3 - -
C. - 13 2 -
3 2 -
13 12 34
'3 - 34

2,4
3
2

2,4

2,4
13

4
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d)

- -1 - - 2
R e 2
Ci=l1 14 1 - 23 123 D67
-~ 1 - - 23

- - - 1 - -
- - 4 14 - -
-1 - 1 1 -
- - - 23 - -
- 2 2123 23 -]

Results of the obtained own consent "G" based on expression (7):

- 0.5332 0.3996
0.2998 - 0.3333
0.2664 0.2664 -
0.2331 0.2997 0.3333
0.2664 0.5998 0.4995
102998 0.4  0.4662

Results of the obtained
expression (8):

- 0.25587 0.49638 0.15055 0.66 0.63561

1 - 0.40553 0.33 1 1

Y- 0.66  0.99089 - 033 0.66 0.63802
0.66  0.73435 0.34632 - 0.66 0.66
0.82479 0.77196 0.27357 0.09495 - 0
1 0.97186  0.66 0.1583 0.66 -

0.3996
0.3
0.5332
0.333
0.2664

0.6 0.6 |
0.3  0.4666
0.2 0.1332

0.1665 0.1998
- 0.6331
0 -

own disagreement "H" based on

Results of the obtained consent "K" based on expression (9):

- 0.0999 0.2335
0.3333 - 0.2998
0.3667 0.3667 -

04 0.3334 0.2998
0.3667 0.0333 0.1336
10.3333 0.2331 0.1669

0.2335
0.3331
0.0999
0.3001
0.3667

0.0331 |
0.1665
0.4999
0.4333
- 0
0.6331 -

0.0331
0.3331
0.4331
0.4666

Results of the obtained discrepancy "L" based on expression

(20):
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0.34
0.34
0.1752
0

0.7441
0.0091
0.2657
0.228

0.0281

0.5036
0.5945
0.6537
0.7264
0.34

0.8495
0.67
0.67

0.905

0.8417

0.34 0.3644 |
0 0
0.34 0.362
0.34 0.34
- 1
034 - |

f) Results of the obtained domination "R" based on expression (11):

0.4811

0.4595

0.3233
0

0.8816
0.0242
0.4435
0.8726
0.1077

0.6832
0.6648
0.6856
0.8447
0.6707

0.7844
0.6679
0.8702
0.7510
0.6965

0.9113 0.9167

0 0
0.4398 0.42
0.4215 0.4397

- 1
0.3494 -

g) Ranking of the obtained alternatives, based on expressions (12)
and (13), Table 3:

Table 3 — Review of the obtained results
Tabnuya 3 — O630p Nony4YeHHbIX pe3ynbmarnmos
Tabena 3 — lNpeaned dobujeHux pesynmama

Value Alternative Rank
T1 0.8355 A1 1
T> 0.2665 Az 6
LE 0.4471 Az 4
Ta 0.4899 As 3
Ts 0.7583 As 2
Te 0.3649 As 5

The final obtained results showed that the best ranked alternative is
A;, i.e. the worst ranked alternative is A,. The alternative As is, in the
decision-maker's opinion, extremely close to the alternative A;, which
gives the possibility that the alternative As could compete for the
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purchase of an unmanned aircraft. The alternatives A, and A do not
meet the required criteria because their value is extremely low, so their
further role in procurement is not to be considered. The alternatives A
and A, are also not shortlisted for the procurement of an unmanned
aircraft, but in the next procurement they could apply if they work on
improving the set criteria. The decision maker specifically focused on the
criterion of "logistics" because the assumption is that all other criteria
indirectly affect the criterion of "logistics", such as: price, warranty,
delivery time, and technical documentation.

Conclusion

In this paper, one of the methods to model uncertainty using intuitive
fuzzy numbers is presented. Bearing in mind that the evaluation criteria
are of qualitative nature, it automatically implies that the evaluation is
realized based on linguistic qualifications. The use of linguistic
gualifications by nature generates a problem of subjectivity in
assessment. In order to solve or reduce this problem, intuitive fuzzy
numbers are proposed in this paper. The analysis of the literature cited in
the paper showed that modeling by using intuitive fuzzy numbers
reduces the inaccuracy, indecision and hesitation of the decision maker
when evaluating the offered options.

The criteria based on which the alternatives were evaluated were
proposed from the point of view of logistic support. In relation to a large
number of random works, the criterion of price and costs is excluded,
because when one looks at the proposed criteria, it could be seen that
they indirectly affect them. In the paper, intuitive fuzzy numbers are
presented at intervals from 0 to 1, with specific domains for each
linguistic qualification.

To select the most favorable option, a multicriteria fuzzy ELECTRE
model extended with an intuitive fuzzy number (IF ELECTRE) is
proposed in the paper. The reason is that it gives the decision maker the
opportunity to choose the best choice with maximum advantage and
minimum conflicts as a function of different criteria, which clearly
provides a picture of the value of each alternative, or preference between
alternatives.

The models and algorithms applied in selecting the most favorable
option (supplier) for an unmanned aircraft clearly show the differences
between suppliers, which can help the decision maker in future
procurement. The options A, and As showed a low value in terms of
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references and previous experience, which is guidance to the decision
maker not to consider them in future procurement.

It can be concluded that such a model of combined models and
algorithms can be used in selecting the most favorable supplier because
it clearly shows the differences between all options, as well as their
values. Indecision and hesitation in assessment are minimized by
applying an intuitive approach.

Depending on the problem to be solved, there is a need to generate
hybrid models to make the best use of them in practice. In further
research, it is necessary to use other methods to determine the weight of
the criteria, such as the Best-Worst method, AHP and other methods
extended with intuitive fuzzy numbers. It is also necessary to use other
methods of multicriteria decision making extended by intuitive fuzzy
numbers to compare alternatives. It is necessary to compare the
obtained results and suggest the alternatives that are best ranked, and to
suggest the used models for solving similar problems.
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27.47.19 UccnepoBaHue onepauui,
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81.88.00 MaTepuanbHo-TexHn4Yeckoe cHabxeHwue.
Jloructuka
BWO CTATbW: opurmHanbHasa Hay4Has cTaTtbs

Pe3some:

BeedeHue/uenb: B cmambe obcyxdaemcsi ebibop Hauboree
onmumasibHo20  focmaswjuka Ha  npumepe  6ecrnuomHoz0
JflemamernbHO20 arnnapama, 8 mex c/y4yasx, koeda omeemcmeeHHoe
JIuyo, npuHuMarwee peweHue, ernadeem OaHHbIMU Ka4yeCcmeeHHOo20
xapakmepa. [lpobriembl, 803HUKarowue Ha rpakmuke rnpu ebibope
nocmaswjukos,  cesisaHbl C  8bI6OPOM  COOMEEMCMEBYHUUX
Kpumepues, a makxe C MeM, KaK OHU OUeHU8almcs JuyoM,
npuHumarouwum peweHusi. OOHUM U3 crocobo8 OUEHKU Kpumepues
KayecmeeHHo20 xapakmepa sensiemcsi ucrionb308aHue
JIUH28UCMUYECKUX cpedcms, npedocmassisrouux nuuyam,
MPUHUMaKOWUM peweHusi, c80600y e6bipaxamb C80K MO3UUUK U
MHeHue MemodoM ornucamesibHolU oueHKU. Tak Kak OaHHbIl mMemod
OUEHKU He camblli MOYHbIl, OH MOXem eHecmu HeorpedesieHHOCMb
MpuU MPUHSIMUU PeweHuUs.

Memodel: [na peweHuss npobrnemsl HeorpedesieHHocmu 8 OaHHOU
cmambe npedrazaemcss Memod ModesupogaHusi OaHHbIX C
ucronb308aHUEM UHMYUMUHO MOHSAMHbIX ¢hassu-yucern.
UHmyumusHo noHsimHble ¢hba33u-dyucna rnpuemsiembsl Onsl peweHus
npobrnems! HeornpederieHHocmu 8 cumyauyusix, kKoeda Heobxodumo
rpoaHasnu3uposame be3onacHocmbe OUeHUB8aHUSs. [ paHXuposaHusi
rnocmasujukos ucronb3yemcsi Memod ELECTRE, adanmupogaHHbIl K
UHMyUmueHoO roHssmHbIM ¢hassu-yucnam (IF ELECTRE). Memod IF
ELECTRE 6bin  ebibpaH 6r5iazo0aps e20 4emKkocmu 8
npedcmasneHuu fMomeHyuana ecex nocmaswjukos, mo ecmb UX
npeumywecme U Hedocmamikoe o OMHOWEHUK K mpebyemMbim
Kpumepusim.

Pesynbmamsi: Wcnonb3ys IF ELECTRE, koHe4YHble pe3ynbmamai
deMOHCMpuUpyrom 83auMHoe npedrnoymeHue unu 6espasnudue mexoy
rnocmaswukamu. PaHxupogaHue 4emko ebisienisiem nomeHyuasn ecex
rnocmaswukos, Komopbil 8 b6yOywjux 3aKyrnkax Moxem MoC/yXumb
OPUEHMUPOM MPU MPUHAMUU peweHud.

Bbigodbi:  HayuyHbili eknad OaHHOU cmambU 3aKnwdaemcsi 8
npedrnoxeHHoU MoOesnu, Komopasi MoXem [PUMEHSIMbCA Ha
npakmuke 0719 peweHusi He MosibKo rpobremMbi 8bibopa nocmasuwjuka,
HO U aHanoz2u4HbiX 3aday, peweHUe KOmMOPbIX MpUHUMaemcs Ha
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OCHOBaHUU HEMOYHbIX OaHHbIX. [lpumeHeHue npedcmasieHHbIX
modenell  criocybcmeyem — CHUXEHUIO — HepewumesnibHocmu U
cybbekmugHoOCMU rpu NPUHAMUU peweHud.

Knwouesble crioga: Hedemkasi fioguka, ¢basdsu-yucrna, UHMyumugHo
rnoHsmHsble ¢pas3u-yucna, IF ELEKTRE.

MOAEJIOBAKE HEM3BECHOCTW NMPUMEHOM UHTYUTUBHNX
®A3 BPOJEBA

Bnadumup P. MunosaHosuh?, ayTop 3a npenucky, AnekcaHdap B. AneKcmhﬁ,
Bniada C. Cokonosuh®, MapjaH A. MuneHkos®,
? YHuBepanTeT ogbpaHe y Beorpagy, BojHa akagemuja, Kategpa noructuke,
Beorpag, Penybnuka Cpbuja,
o YHuepanteT y KparyjeBuy, PakynteT MHXeHepCcKnx Hayka,
Kateppa 3a npon3sogHo mawnHCTBO, Kparyjesau, Peny6nuka Cpbuja

OBJIACT: nHOYCTPWjCKO UHXEHEPCTBO, UHXEHEPCKN MEHALIMEHT
BPCTA YJTAHKA: opruHanHun Hay4Hu pag

Caxxemak:

Yeod/yurb: Y pady je paamampaH u3bop HajrnosorbHuUjez dobasrbaqya Ha
npumepy becriocadHe nemenuue, y crydajy kaba AoHocusnay 0O0ryKe
pacrionaxe nodayuma KeanumamusHoe Kapakmepa. [1pobremu Koju ce
jasrpajy y npakcu npu u3bopy Oobasrbada OOHoce ce Ha u3bop
adekeamHuUX Kpumepujyma, Kao U Ha4yuH Ha Koju ux QoHocuray, o0ryKe
ouerbyje. JedaH 00 Ha4yUHa ouerugaH-a Kpumepujyma KeanumamueHoz
Kapakmepa jecme kopuwhere fTUH28UCMUYKUX u3pa3a, Koju GOHocuouy
odrnyke Oajy crobody Oa ceoj cmae U MullibeHe UCKaxe MoMohy
ornucHux oueHa. Ogakag Ha4yUH ouerUBar-a Huje HajrpeyusHuju, wmo
doHocuouy odnyke Moxe uzasgsamu odpeheHy do3y HeuzgecHOCMU. .

Memode: 3a pewasawe npobriema HeusgecHocmu, y pady je
npednoxeHa memoda moderiogarba nodamaka fMpUMeHOM UHMYUMU8HUX
a3su bpojesa. OHU cy No200HU 3a pewasar-e rpobremMa HeuzgecHocmu
y cumyayujama kala je nompebHo Oa ce npeucriuma cueypHocm
npunuKkoM ouerbusar-a. 3a paHeupar-e 0obaerbaya y pady ce Kopucmu
memoda ELEKTRE «koja je npunazofjeHa uHmMyumueHum ¢hasu
bpojesuma (M® ELEKTRE). Memoda N®OC ELEKTRE odabpaHa je 3602
moaa wmo jacHoO rnpeseHmyje nomexyujan ceux dobaerbaya, 0OHOCHO
Huxoee npedHocmu U Hedocmamke y OOHOCYy Ha 3axmesaHe
Kpumepujyme.

Pesynmamu: Kopuwhersem N® ELEKTRE koHauyHU pe3ynmamu ripyxajy
cruky o mefjycobHoj npeghepeHmHocmu, 0OHOCHO UHAUgepeHMHocmu
usmefly Oobasrpbadya. PaHauparem Cy jaCHO rnpukasaHu romeHuyujanu
csux Oobaerbaya, WMO y HEKOj HapeOHOj Habasuu MOXKe MOCYKUMmU Kao
peghbepeHya 3a OoHOWEH-E 00sTyKe.
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Sakrbyyak: [JonpuHoc ogoe pada oerieda ce y rnpedrioxeHoM MoOesTy Koju
y npakcu Moxe rociyXumu 3a pewaeare rpobrema usbopa
dobasrbaya, anu u crudHux npobnema kada ce odnyka OOHOCU Ha
OCHosy HerpeyusHux rnolamaka. Kopuwhewem HagedeHux Mmodena
CMarsyje ce Heodrny4yHocm u cybjekmugHocm ripu GOHOWEH Y OOITyKe.

KrbyuHe peyu: ¢hasu noauka, ¢hasu 6poj, uHmyumusHu ¢hasu 6poj, N®
ELEKTRE.
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Abstract:

Introduction/purpose: The problem of quantum corrections to propaga-
tors in Quantum Electrodynamics (QED) is discussed.

Methods: The Dyson-Schwinger equation is employed for correcting
propagators in QED.

Results: The observable quantities in QED are finite.

Conclusions: QED divergencies can be avoided by redefining physical
quantities in a suitable manner.

Key words: Quantum Electrodynamics, Quantum Field Theory, Renor-
malization Group

QED loops

Corrected photon propagator

In (Fabiano, 2021) we have computed the correction to the photon line
at one-loop level in QED. Remembering that the bare photon propagator is
given by the expression

. . Guv
D) = g (™)

obtained, roughly speaking, by inverting the term F?2 in the Lagrangian (5)
of (Fabiano, 2021). In Minkowskian metric the vacuum polarisation is given
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by
1, (q) = (90 — 9w d*)7 (%) - (2)

The physical or renormalised photon propagator is obtained by consid-
ering all possible corrections to the photon line, as illustrated in eq. (3).

ip!, =~~~ =~ i~ O OO (3)

As we can see, the physical photon propagator z'foV is obtained by re-
peated insertions of vacuum polarisation diagrams at one-loop level, in the
following manner:

iD},(q) = iDyy(q) + iDux(q)iTInp(q)i Dy (q)+
iDﬂ)\(Q)iHAp(Q)iDPH(Q)iHHU(Q)iDJV(Q) + e (4)

Recalling the geometric series for which this expression holds true
+oo

n_ 1
D)= (5)

n=1

one could immediately recognise the same pattern in eq. (4) and rewrite it
as (Dyson, 1949), (Schwinger, 1951)

iDP(q) = ;29 (17 + [w( @) + ...} + Ogua) =

1
?QWW + O(quqv) - (6)

Corrected electron propagator

Proceeding in a manner completely analogous to previous section we
could calculate the physical electron propagator. The bare electron propa-
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gator is given by

1 . ptm

S(p):ip—nﬂ—is_ )

? ;
p? —m?+ic’

while the physical propagator S¥(p) is obtained by repeated insertions of
Y(p) calculated in (Fabiano, 2021), formula (27):

P _— A\ A

+...(8)

The expression for S* is pictorially represented in eq. (8), this translates
to:
S (p) = S(p) + S(P)Z(P)S(p) + S()ZP)SP)Z(P)SP) +... (9)
and using eq. (5) we end with the expression

_Zp—m—E(p)—i-ie'

S"(p) (10)

Counterterms

Up to now, we have computed all possible fundamental divergencies in
QED. Those are necessary to build the necessary counterterms in order
to renormalise QED. Those counterterms are suitably constructed terms in
the Lagrangian in order to cancel out divergencies and make results finite.
To recap, we started with this classical Lagrangian in D dimensions

Lo = —iF‘“’FW +ipdyp + en V2P Ay — mipp (11)

and we add a counterterm Lagrangian with the same form of the present
Lagrangian of (11)

1 g _ — —
Lo = = Ks P Fyy o+ iKypdo + ep ™Ky ) — mEpp . (12)
The obtained renormalised Lagrangian

Eren = ﬁcl + ['ct (1 3)
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could be expressed in terms of the bare quantities defined in the following

way:
Yo = 1+ Katp = 2% (14)
Al = /T KA = 73/% A (15)
_ 1+ K3 Z1 _

— oy 4—D)/2 _ (4—D)/2 16

€ e e
o (1+ K2)v1+ K3 Z2Z§/2 g (1)
o — Lt Ko Zn (a7)

ml—l—KQ _Zm

where we have introduced Dyson’s Z notation (Dyson, 1952), and bare
quantities, which do not depend on the scale p, are denoted by a 0 sub-
script. Often, eq. (14) is called wave function renormalisation. The renor-
malised Lagrangian is

1

ﬁren = _ZF(SUJFO#V + Z@o(‘?% + eOJOAOV‘ﬂO - mo@o% ’ (18)

or in Dyson’s notation

Lren = 7%};@1/}7/“/ + ZZQ@&@Z} + eZl@Ad) - mZme : (19)

The covariant derivative in £,.,, transforms as

Dl = oh — ie?A“ (20)

2
and, in order not to spoil gauge invariance of the Lagrangian it needs to be
71 = Z. Itis possible to show that this is actually the case to all orders of
perturbation theory.
The counterterms can be read off the one—loop calculations encoun-
tered in (Fabiano, 2021). Starting with fermion line correction, from eq. (37)
of (Fabiano, 2021) we extract the term

2

e
Y(p) = —i
(p) 162

(p+ Z,lm)1 + finite terms (21)
€

and comparing to the inverse of the bare electron propagator, eq. (7)

SHp) = —i(p — m + ie) (22)
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one could infer that the term in p is related to Z», while the term proportional
to m is related to Z,,,. Therefore

e 1 m
Ko= i [Frm (o)) (23)
and )
K==z [+ (2] (24)
d7= | e n

where functions F» and F,,, are arbitrary finite parts depending upon ¢ and
m/u, and are analytical as ¢ — 0. It means that the counterterms contain
just the part proportional to % necessary to cancel the overall divergencies.

The second correction we tackle is the one for the photon line encoun-

tered in (Fabiano, 2021). From eq. (22) of (Fabiano, 2021) we have
o [ €1 . 5
H,uI/(Q) = (qqu - 6;”/(] ) ﬁg -+ finite terms , ( 5)

and using the relation of eq. (4) we have for the one—loop propagator

0 0 )
Dy (p) = 2 4 QwwppOuw
L () p2 p2 p2
O e 1 pupy, €2 1
L Z L 4. 26
p? [ 12%25]+ pt 1272 ¢ (26)
so that
ez [1
Ks=-pm |zt 27

where Fj is an arbitrary dimensionless finite function.
Last comes the vertex correction, from (Fabiano, 2021) eq. (50) we
have

. e? 1 .
Lp(p,q) = —ieusy, [167725 + finite terms} (28)
that gives
O LY (29)
V7 TR | T

where, once more, F; is a finite function. In terms of the Z notation, we
summarise our results as

e? |1 4
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Zm=1--_[1in]+ (31)
2T 16r? |2
Zi=1- - [Lip] 4 (32)
S DY E

ez 1 )
Zm—14w2[€+Fm_+--~ (33)

We remark once more that Z; = 7 is satisfied to this order in per-
turbation theory. So using the relation of eq. (16) and remembering that
e =(4—-D)/2,for D — 4 we have

2

e 1 . 3
Yo + finite terms + O(e”) | . (34)

eo = ep* [1 +

If we ignore the finite part of the counterterms by adopting a mass in-
dependent prescription, also known as the minimal subtraction scheme, or
MS scheme ('t Hooft, 1973), (Weinberg, 1973), for which the finite part is
zero, we can compute the so—called beta function due to Gell-Mann and
Low (Gell-Mann and Low, 1954) defined in the following way:

(35)

which is an analytic function in . Compute the beta function from eq. (34)
by differentiating with respect to x, remembering that 1 is constant taking
the prescribed limit ¢ — 0, and obtain

Oe e3

Ble) = ng, = 1om (36)
which is actually a differential equation for electric charge e as a function
of a mass scale p:
o (€. 1 |
127 de = [ dp—, (37)
o € o K
where g is an arbitrary scale. The explicit solution to this equation is
1 1 1 L
- ———=——=log | — 38
0~ 2~ e (1) (36)
which can be written in an explicit form for e2(1):
2
(&

1— 626(7520) log (%)
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A few comments on eq. (39). It has a singularity at the point

p = po expl6m°e > (o)) , (40)

better known as the Landau pole (Landau et al, 1954), (Landau and Pomer-
anchuk, 1955). A careful evaluation in QED shows that the Landau pole is
of order of 10%®4 eV, a huge scale much larger than anything envisaged so
far — for instance the Large Hadron Collider (LHC) works at about 10'3 eV,
while the Planck scale, that is a scale at which quantum gravity effects
should become relevant, /%ic® /G, is at “only” 10% eV.

As the energy scale increases, or conversely, the distance decreases,
the electron charge increases.

Running coupling constant

The formalism of the beta function and the existence of a so—called
running coupling constant' is not a peculiarity of QED but it is standard
behaviour in any quantum field theory. We have seen that in the mini-
mal subtraction scheme the counterterms in the Lagrangian have no finite
parts, therefore can be expanded in a Laurent series in ¢ containing only
divergent parts. Call the generic renormalised coupling constant g and its
bare version gy, then the above statement could be written as (hereafter,
e=4-D)

go = p°

ek |7
k=1
where g, are regular functions in g. Analogous expansions exist for bare
mass mg and bare fields 1, Af.

Now, a crucial observation is that all bare quantities are independent
of the scale by definition. As the bare coupling constant is not dependent
upon p, dgo/dp = 0. Applying the derivative to eq. (41), one obtains

dg R dgr 0g
75 — | =ZE 22 =0. 42
69+<91+M8M>+;€k{dg/lauﬂLgkﬂ (42)

We have already discussed that ©dg/0p is an analytical function in e,

so we can write it as follows:

U Sy (43)
a’u n=0

1An oxymoron!
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and insert this form into eq. (42).
We obtain the equation for coefficients d of the beta function:

dg1) | <=1 dgr dgk+1
d do + d1— — do— +d =0
(g + 1)+<91+ o+ 1d9>+1§:15k [gk+1‘|’ 0" dg +di dg )

(44)
and observe that only the first two d terms survive, dy and d1, so that eq. (43)
is only linear in . We group different powers of ¢, and each one of them
has to vanish separately, so we have

(9+di)=0
dg:

di— = —d
g1 + ldg 0

d d
14+ di— ) gpt1 = —dy 2k (45)
dg dg

Solving egs. (45) and plugging it back in eq. (43) we end up with

0 d
ped = —gi+ g R — ge, (46)
o dg

and taking the limit e — 0:

dg
= — . 47
B(g) Gty dg (47)
We also found the recurrence relation for the coefficients of the coun-
terterms:

(1 - gjg) 9611(9) ~ 91(6)) = ~ar(s). (48)

This recursion relation is very important because it shows that the co-
efficients of higher order poles can, at least in principle, be computed from
just the knowledge of the simple pole term. So, in the minimal subtraction
scheme we have seen that the beta function depends only on the coupling
constant g, and the latter depends only on the scale u; therefore, we can

write J
u‘;(:) — Blg(u)) . (49)

This equation is known as the Callan—Symanzik equation (Callan,
1970), (Symanzik, 1970).
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MOTMPABKW MPOMATATOPOB KBAHTOBOM
ANEKTPOONHAMNKA

Hukona ®abunaHo

benrpagckmin  yHuBepcuteT, WHCTUTYT sS4epHbIX uMccrnegoBaHumn
«BuHya» — HauuoHanbHbIn nHCTUTYT Pecnybnuku Cepbus,

r. benrpag, Pecnybnuka Cepbus

PYBEPUKA TPHTWU: 27.35.00 MaTtemaTtnyeckue moaenv
€CTECTBEHHbIX HayK W TEXHUYECKUX
HayK. YpaBHEHVsT MaTemMaTuyecKown
Pr3uKK:
27.35.57 Matematudeckne mogenn KBaHTOBOW
ur3unKn,
27.35.59 MeToabl Teopun BO3MYLLIEHNI
B CTATbW: o63opHas cTaTes

Pesrome:

BeedeHue/uenb: B daHHOU cmambe obcyxdaemcs rnpobrema
Ke8aHMOoB8bIX r10MpPasoK K rporazamopam 8 K8aHmMo8oU 351eKMpPo-
OuHamuke (K3L).

Memoosi: [ns nonpasok Kk riporiaezamopam 8 K3/ ucnons3oea-
nocs ypasHeHue [alicoHa — LlleuHeepa.

Pesynbmamebi: Habrodaembie geniuduHbl 8 QED KOHEYHbI.

Bbigodbi: PacxoxOeHusi 8 K3 moxHO u3bexxamb, coomeem-
cmeyrouwum 0bpasom repeornpedesnus huauyeckue 8eruYUHAbI.

Knrouesbie crnosa: kgaHmMoesast 3ﬂeKmpOOUHaMUKa, KeaHmosas
meopus rorsid, peHopmasriudauyUuoHHas epyrira.

KOPEKLINJE MPOMAIFATOPA KBAHTHE
ENIEKTPOONHAMUKE

Hukona ®abwnaHo

YHuBep3uteT y beorpagy, WHCTUTYT 3a HykneapHe Hayke ,BuHuya“
- Haunonanun uHctutyT Penybnuke Cpbwuje, Beorpap, Peny6nuka
Cpbuja

OBJIACT: maTtematuka
BPCTA YJTAHKA: npernegHu pag
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Abstract:

Introduction/purpose: This paper provides an overview of Unmanned
Aerial Vehicles (UAVs) from their early days to their integration into
modern wireless networks.

Methods: It analyzes, synthesizes and compares the UAVs development
technologies throughout their history with significant aspects of their
integration in wireless communication networks.

Results: Important aspects of wireless communications as one of the key
technologies for UAVs are presented. Next, energy efficiency as a
research path for UAVs is considered. The paper also emphasizes the
present state in this area as well as what the future of UAVs in
communications will be.

Conclusion: UAVs are important not only for widespread military usage
in various combat operations and warfare environment, but also for
other purposes such as their integration in 5G networks.

Key words: unmanned aerial vehicles (UAVs), drone swarm, Military
Internet of Things (MIoT).

Introduction

Unmanned aerial vehicles (UAVs), also known as drones, are
aircraft piloted by remote control without human on board. Embedded
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computer programs are included, too. A drone tends to be defined in
different ways. Two of them are as follows:

"An unmanned aircraft or ship guided by remote control or board
computers" (Meriam Webster's America’s most-trusted online
dictionary for English word definitions and meanings).

"A drone in technological terms is an unmanned aircraft.
Essentially, a drone is a flying robot that can be remotely
controlled or fly autonomously through software controlled plans
in their embedded systems, working in conjunction with on board
sensors and GPS" (Internet of Things Agenda).

UAVs have enormous potential in enabling new applications in
various areas ranging from aerial inspection, photography, precision
agriculture, traffic control, search, package delivery, telecommunications,
medicine, surveillance, etc. Emerging technologies can benefit from
significant potential of UAVs equipped with cameras, sensors and GPS
receivers in delivery Internet of Things (IoT) services from great heats,
creating an airborne domain of the IoT. Also, the Military Internet of
Things (MIoT) represents a class of the Internet of Things for combat
operations and warfare. On the other hand, the military 10T could be
treated as an internal network with a group of distributed smart objects
such as military vehicles, weapons, soldiers, equipment, etc.
interconnected with the existing military infrastructure, command and
control systems. However, there are many issues to be resolved before
the effective use of UAVs can be made including security, privacy, and
management.

Background

In should be noted that the earliest military drones appeared in the
mid-1850s. The conception dates back to 1849 during the war (see Table
I) between Austria and Venice. Unmanned balloons with explosives were
used. The Austrian forces launched around 200 incendiary balloons with
11 kg to 14 kg bombs each. It is interesting to note that only one bomb
found its mark, while most of the balloons were blown away due to a
change in wind direction. From the point of view of military technology,
the use of balloons does not meet the current definitions of drones.
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Table 1 — UAVs background
Tabnuua 1 — CeedeHusi 0 becrnunomHbix iemameribHbIX annapamax
Tabena 1 — icmopujam 6ecnunomHux femenuya

No. | NAME YEAR | REASON DESIGNED BY CHARACTERISTICS
Earliest 'tI)'he war Unmanned balloons
1 military 1845- etween Austrian forces equipped with
' 1850 Austria and :
drones . explosive
Venice
Louis Breguet
Work on ?;t:qzlssb;cr)}tdher Forerunner of the
2. Gyroplane 1905 thero e under the Cveizrlllcgpterwnh flexible
gyrop guidance of 9
Charles Richet
Louis Breguet Rotary-using aircraft
with his brother X
Quadcopter All UAVS Jacaues and that has 4 main
3. configuration | 1907 d rotors/propellers
are drones | under the
of drones . controlled or auto
guidance of Lided
Charles Richet 9
Drone by . .
4, Ruston 1916 ,[Aafngl Ruston Proctor ;Jesedeﬁggmst
Proctor 9 pp
. Radio
5. Archibald 1917 | guidance Archibald Low First wireless rocket
Low system
system
To .
Kettering represent _Gyroscoplc control
6. 1917 | T . U.S. Army intended to represent
Bug aerial P ”
» aerial torpedo
torpedo
Radio . .
7 00-2 1930 | control Walter Righter S'mall radio-controlled
aircraft model
system
8. Queen bee 1935 Radio British radio Radio-controlled target
control control drone
ID-2D-1 Reverse- Pulse jet-powered
9. Curtiss TD- 1942 . Americans unmanned aerial
engineered
2D-1 drones
i . simple autopilot to
10. fAV L . | 1944 Flying German army control altitude and air
Doodlebug bomb
speed
Mach strategic
reconnaissance
SR-71 aircraft developed | Long-range, high
11 Blackbird 1950 | Spy plane and manufactured | altitude
by Lockheed
Martin Corporat.
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No. | NAME YEAR | REASON DESIGNED BY CHARACTERISTICS
Jet- Ryen To recover an
12. | Ryan 147BS | 1950 | powered y . . /er any
d Aeronautical information gathered
rone
Alternative
power Sponsored by the : .
13. | HAL SOL 1980 source for CIA Solar-powered aircraft
drones
Building an
RQ2 inexpensive | A join project by Medium-sized
14. . 1986 drone for the U.S. and reconnaissance
Pioneer -
fast Israel aircraft
operations
Versions of Mini and - Mini and macro
15. UAVs 1990 macro AeroVironment Predator version
16. | Predator 2000 Tq anch General Atomics Mlnl.and macro
missiles versions of UAVs
Raven, After Small-§|zed AeroVironment Fixed-wing
17. fixed-wing .
Wasp, Puma | 2000 d Inc. surveillance drones
rones
Pivotal year of the
First history of drones, with
commercial consumer application
18 Commercial 2006 drone FAA slow to start and with
" | drone ermit was a small number of
iz‘,sued people applying for
permits in the first few
years
Drone- 2006- | Commercial | A lot of different . .
19. | . . . As delivery vehicles
innovation 2015 interest manufacturers
Use of small devices
Operation Operational with aircraft weight
20. | rules of 2016 P FAA less than 25 kg (small
rules ?
small UASs unmanned aerial
system UASS)
National To explore the
roqram expanded use of
National ‘F‘)Drgne drones including
21. 2017 . . FAA beyond visual line of
program integration iaht fliaht. niaht t
ilot sight flight, night time
P » operations and fight
program

over people

In 1907, an early development of this technology appeared, called

the quadcopter configuration. That year, Louis Breguet (Figure 1) and his
brother together with the help of French physiologist Professor Charles
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Richet (Figure 2), developed a gyroplane, the forerunner of the
helicopter. It should be noted that in 1905 Louis Breguet with brother
Jacques and under the guidance of Charles Richet began work on a
gyroplane, the forerunner of the helicopter.

Figure 1- Louis Charles Breguet (Wikimedia Commons, 2021a)
Puc. 1 - Jlyu lapns bpeee (Wikimedia Commons, 2021a)
Cnuka 1 - Jlyu lWapn bpeze (Wikimedia Commons, 2021a)

Figure 2 — Charles Robert Richet (Wikimedia Commons, 2021b)
Puc. 2 — Ulapnb Pobepm Puwe (Wikimedia Commons, 2021b)
Cnuka 2 — LlLlapn Po6epm Puwe (Wikimedia Commons, 2021b)
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British engineer Archibald Low (Figure 3) developed a radio
guidance system in 1916 and during Word War I, he used it in the radio-
controlled plane called the Ruston Proctor Aerial Target.

i 'l :

>,

Figure 3 — Archibald Montgomery Low (A. M. Low) (Wikipedia, 2021)
Puc. 3 — Ap4ubanbd Monmeomepu Jloy (A. M. Jloy) (Wikipedia, 2021)
Cnuka 3 — Ap4uband Mo+zomepu Jloy (A. M. Jloy) (Wikipedia, 2021)

In 1917, Archibald Low, who was named the father of radio guidance
systems, invented the first wireless rocket together with his research
group. After this, the U.S. Army built the Kettering Bug with gyroscopic

" T RN e

Figure 4 — Photograph of the Kettering Bug prototype (Wikimedia Commons, 2021c)

Puc. 4 — ®omoepagpusi npomomuna «XKyka» KemmepuHeaa (Wikimedia Commons,
2021c)

Cnuka 4 — ®omoepacpuja npomomuna ,,Kemepura Byz” (Wikimedia Commons, 2021c)
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In the 1930s, the OQ-2 was a small radio-controlled aircraft model
designed by Walter Righter. UAV technological developments continued.
The U.S. Navy began experimenting with radio-controlled aircraft. The
British developed “Queen Bee” which is a radio-controlled target drone
also believed to have led to “drone” for radio-controlled unmanned
aircraft. The first war-produced UAV product in the U.S. was a remote-
controlled model airplane developed by British actor Reginald Denny and
Walter Righter in the 1930s. Edward M. Sorensen was an inventor of a
radio-controlled aircraft that could fly out of sight. He patented a ground
terminal to track the movements of the airplane. The significance of this
event should be noted because the early aircraft could only operate
within the visual sight of the controlling pilot. The “Doodlebug” of the
German army was the most notable event of the Second World War with
regards to drones. This aircraft was the world’s first missile. Its guidance
system used a simple autopilot to control altitude and air speed.

The next big step in drone technology occurred during Vietham War
which saw the first widespread deployment and use of drones as
dedicated UAVSs.

In the late 1950s, the U.S. spy plane, the manned SR-71 Blackbird,
was still in development, while spy satellites were also not ready for
deployment. Specialized UAVs were needed to safely gather information
in control areas. SR-71 Blackbird was a long-range, high altitude
strategic reconnaissance aircraft developed and manufactured by
Lockheed Martin Corporation. (Figure 5).

Figure 5 — Lockheed Sr-71 (Wikimedia Commons, 2021d)
Puc. 5 — Lockheed Sr-71 (Wikimedia Commons, 2021d)
Cnuka 5 — Jlokud Cp-71 (Wikimedia Commons, 2021d)
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Some models did exist, like the Ryan 147BS, but they were
parachuted to the ground to gather information. Ryan's Model 147BS is a
jet-powered drone, unmanned aerial vehicle produced and developed by
Ryan Aeronautical from the earlier Ryan Fireface target drone series.
The need for drones exists in many countries who explore the use of
UAVs for different applications. New drone models are becoming more
and more sophisticated. As for design, they focus on improving the
height at which the drones could safety operate. Thanks to transistor
technology, radio-controlled components are minimized enough for
serving to civilian customer purposes.

In 1980, the U.S. began the UAV Program with the aim of building
an inexpensive drone for fast operations. The development of the RQ2
Pioneer was the result of a joint project of the U.S. and Israel in 1986. It
was a medium-sized reconnaissance aircraft (Figure 6).

Figure 6 — RQ-2 Pioneer on launch rail 1 (Wikimedia Commons, 2021e)
Puc. 6 — RQ-2 «lluoHep» Ha ryckosol ycmaHoske 1 (Wikimedia Commons, 2021e)
Cnuka 6 —lMuoHup RQ-2 Ha cmpamHoj wuHu 1 (Wikimedia Commons, 2021e)

During this period, drone developers were focused on alternative
power services for drones, where the main service was solar power. This
led to some interesting solar-powered drones called AERO-Vironment
HAL SOL. The High Amplitude (AAL SOL) Solar-powered unmanned
aircraft was sponsored by the CIA in 1980s as the first solar-powered
aircraft. Mini and micro versions of UAVs were introduced in 1990, while
the Predator drone was introduced in 2000.

A number of small-sized, fixed-wing surveillance drones such as
Raven, Wasp and Puma, developed by AeroVironment Inc., were
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developed after 2000. Raven, for example, is used in many countries,
with tens of thousands of units deployed (Figure 7).

~ e = =28

Figure 7 — RQ-11 Raven (Wikimedia Commons, 2021f)
Puc. 7 - RQ-11 BopoHr (Wikimedia Commons, 2021f)
Cnuka 7 —laspaH RQ-11 (Wikimedia Commons, 2021f)

Another year in the history of drones was 2006 when the first
commercial drone permit was issued. However, the number of people
applying for permits in the first year was small. The huge expansion in
drone innovation was evident in the last 10 years in commercial interest,
too. For example, in the early 2010s, drones were used not only as
military vehicles, but also as delivery vehicles. Around 1000 commercial
drone permits were issued in 2015 and a demand for drones has
continued to grow exponentially. The year 2010 might just be the so-
called “golden age of drones”. The number tripled one year later. As a
result of merging radio-controlled aircraft and smartphone technology,
equipping drones with cameras is a hew commonplace in commercial
photography and videography. In 2013, a group of researchers examined
emerging fields challenging for military: the buildup of ice on drones and
other unmanned aerial vehicles. UAVs were not outfitted with protection
to eliminate ice buildup. The prototype of the system was tested in 2015.
Since then, the technology has been tested regularly in wind tunnels and
on board during UAV flights. In 2016, the U.S. Federal Aviation
Administration (FAA) released the operational rules for routine civilian
use of small UAVs with aircraft weight less than 25 kg. In November
2017, the FAA launched the national program “Drone Integration Pilot
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Program” to explore the expended use of drones including beyond visual
line-of-sight flying, night-time operations, and flights above people.
Drones are becoming very attractive not only because of their fast
deployment and low cost, but also because of their ability to hover (Hayat
et al, 2016, pp.2624-2661). The size of air drone-cells can be adjusted by
changing their altitude, transmission power antenna directivity, and other
parameters, providing more adaptability to unstable traffic loads and
variable user distributions (Ferranti et al, 2018, pp.1-12). Supporting
aerial users with cellular networks goes back to the 2000s with the use of
the global system for mobile communication (GSM) 2G (Goddemeier et
al, 2010, pp.1760-1765). Later, UAV flight tests were conducted over 3G
Universal Mobile Telecommunication System (UMTS) networks. The 3G
UMTS network could provide a possible solution for no safety-critical
communications for aerial users with moderate speed and altitude of
1220m (Gonzalez et al, 2011. pp.240-248).

Next, 4G Long Term Evolution (LTE) is promising to support aerial
users and UAV applications. LTE achieved the best performance in
terms of latency and jitter with round trip time of 127 ms and a standard
deviation of 48 ms for the worst case scenario (Afonso et al, 2016, pp.4-
11). Such results demonstrated the feasibility of UAV operations over the
LTE network with a low altitude of up to 100m.

The Third Generation Partnership Project (3GPP) investigation has
proved that the existing LTE networks support the UAV deployment with
low density and low altitude without need of major changes. As the
number of UAVs grows, it is of importance to develop new technologies
to enable cellular-connected UAVSs in term of 3-D aerial coverage and
effective air-ground interference migration.

In 2017, the technology called D.ICE was commercialized by the
university in Trondheim. With UAVs, just as with larger aircraft, the
accumulation of ice during flight on wings, propellers, and tails can make
it hazardous to fly and even cause them to crash. Frozen water on wings
increases their weight thus reducing lift and can cause an aircraft to stall.
Ice on the propeller can increase drag. Sensors can lock up interfering
with the autopilot's ability to gauge speed and altitude.

Icing on UAVs is a relatively new field of research with "unknown
parameters”. The electro thermal panel can be embedded in UAVs
during the manufacturing process or attached to the existing wings.
D.ICE uses two algorithms for icing detection. One is a thermal response
from the heating zones; the other involves an aerodynamic approach in
which the system estimates relevant parameters such as lift and drug
and infers if they have degraded due to icing.
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Basic requirements

Wireless communication is one of the technologies for UAVs. The
reason is very simple. On the one hand, UAVs need to exchange
information with a remote pilot, nearby aerial vehicles and air traffic
controllers in order to provide the safe, reliable, and efficient flight
operation. The general name for it is Controlled Non-Payload
Communication (CNPC) (ITU, 2009). On the other hand, UAVs have to
transmit and/or receive mission related data (areal image, high speed
video, UAV operators, end users, ground gateway). This is payload
communication.

There are three CNPC types required for ensuring safe UAV
operations communication:

- Communication for UAV Command and Control,

- Communication for Air Traffic Control, and

- Communication Supporting “Sense and Avoid”.

The communication requirements specified by the Third Generation
Partnership Project are shown in Table 2.

CNPC is of low data rate, for example in the order of 60-100 kb/s for
both downlink (DL) and uplink (UP) directions. On the other hand,
reliability of less than 10 packet error rate and latency of less than 50
ms are required (Table 2). The communication requirements of CNPC
links are similar for different types of UAVs due to their common safety -
those for payload data are highly application-dependent. Compared to
CNPC, UAV payload communication is characterized by much higher
data requirements.

Table 2 — UAV communications requirements specified by 3GPP (3GPP, 2017)
Tabnuya 2 — TpebosaHusi kK cucmeme c8s3u 6ecrunomHbIX 1emameribHbIX annapamos
(Bl1/1A), npednucaHHble 3GPP (3GPP, 2017)

Tabena 2 — 3axmeesu 3a KoMyHuKayujy becriuiomHux nemenuya HagedeHu y 3GPP
(3GPP, 2017)

DATA DATA
TYPE RATE RELIABLITY LATENCY
UL (GROUND : -3
STATION TO Command | 60-100 10 packet 50ms
and control | kbs error rate
UAVS)
Command | 60-100 | 10 packet
DL (UAVs TO -
GROUND and control | kbs error rate
STATION) Application | Upto 50 | Similar to
data kbs terrestrial user
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For example, to support the transport of a full high-definition (FHD)
video from the UAV to the ground user, the transmission rate is about
several Mb/s, while for a 4K video, it is higher than 30 Mb/s.

Influence of wireless communications

Wireless technology is necessary for providing seamless
connectivity throughput with high reliability in the 3-D space when taking
into consideration air-to-air and air-to-ground connections. The most
important communication technologies are: direct line, satellite, ad hoc
network, and cellular network. These communication technologies are
used for military systems and applications in various combat operations,
too. For example, applications for military uses involve: reconnaissance,
armed attacks, targets for military training, etc.

A direct line is used between an UAV and its associated ground
node over, for example, the unlicensed 2,4 GHz band. It is direct point-to-
point communication with a simple, low cost, limited range, low data rate,
vulnerable to interference and non-scalable. The ground node can be a
remote controller, a station etc. It is limited to LOS communication. In
urban areas, communication can be easily blocked by trees or high
buildings. As a result, this gives low reliability as well as low rate. The
ground node needs to connect to a gateway for enabling the Internet
access of the UAV. One such solution is insecure and vulnerable to
interception and jamming. It should be noted that a solution with direct
line communication cannot be a scalable solution for supporting large
scale deployment in future applications.

Satellites serve to link data transmitted between widely separated
UAVs and ground gateways. This is of importance for UAVs above the
ocean and also in remote areas in the case when terrestrial network (Wi-
Fi or cellular) coverage is not of practical use. In addition, satellite signals
are used for navigation and localization of UAVs. As for disadvantages,
there are some of them. First of all, propagation loss and delay are
significant because of long distances between satellites and low altitude
UAVs/ground stations. Next, UAVs have stringent size, weight, and
power constraints. Finally, high operational costs represent one kind of
inconvenience for wider use.

Each device in a mobile ad hoc network (MANET) can move over
time and its line conditions may change frequently with other devices.
Two applications of MANET are vehicular ad hoc network (VANET) and
flying ad hoc network (FANET) for supporting communications among
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high-mobility ground vehicles and UAVs in 2-D and 3-D networks,
respectively (Bekmezci et al, 2013, pp.1254-1270).

FANET is unable to provide a scalable solution for serving massive
UAVs deployed in a wide area. The platform realizes a reliable routing
protocol over the mobile network with dynamic and intermittent link
connectives among flying UAVs.

Today, there is a growing interest in leveraging the existing and
future-generation  cellular networks for enabling UAV-ground
communication (Zeng et al, 2018, pp.120-127).

Both CRC and payload communication requirements for UAVS can
be met regardless of the density of UAVs and their distances with the
corresponding ground nodes. There are scenarios where cellular
services are not available (remote areas, sea, desert, forest). In this
case, direct links, satellites and FANET are used to support UAV
communication beyond the terrestrial coverage of cellular network. Thus,
it is proposed that future wireless networks have an integrated 3-D
architecture with UAV-to-UAV, UAV-to-Satellite and UAV-to-ground
communication. In such a hybrid network, each UAV is enabled with one
or more technologies to exploit rich connectivity diversity.

Also, it is important to emphasize that wireless communications with
UAVs involve several typical use cases: UAV-aided ubiquitous coverage,
UAV-aided relaying, and UAV-aided information dissemination/data
collection. In the first use case, UAVs provide seamless coverage within
the serving area, which is suitable for fast service recovery after
infrastructure failure, as well as base station offloading in the hotspot
application scenario. Next, in the second use case, UAVs connect two or
more distant users or user groups thus supporting military operations,
e.g. between the frontline and the headquarters, as well as enable big
data transfer between data centers. Finally, in the third use case, UAVs
provide periodic sensing and information multicasting.

Communication on physical layer

Unmanned aerial vehicle-drone networks are applied in the case of
unexpected and temporal events. Each drone has wireless transceivers
to communicate with the ground user equipment (UE) and other drones.
Drones consist of equipment for receiving, processing, and transmitting
signals in order to complement pre-existing cellular systems. In that way,
the communication infrastructure becomes reinforced. This case can be
of importance from the emergency and safety point of view (Milicevic &
Bakmaz, 2020).
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Today, the key technologies are: multiple-input multiple-output
(MIMO), millimeters wave (mmWave) communication, non-orthogonal
multiple access (NOMA) transmission, and cognitive radio (CR).

MIMO is one of the most important technologies when dealing with
UAV military communications, because of command and control
messages which require low latency and high reliability for application
data such as, for example, video streaming. The beam forming gain
provided by massive MIMO depends on the accuracy of channel slot
information for all served users at each ground base station.

Energy efficiency as an active research field

The need to deal with energy efficiency was driven by:

a) The need to reduce the operation cost and green gas emission
and

b) The importance to use the battery for different types of devices.

Energy-efficient UAV communications were focused only on
reducing communication-related energy consumption of either the ground
nodes (Zhan et al, 2018, pp.328-331) or the UAV (Li et al, 2016,
pp.1377-1386).

Taking into consideration the UAV’s propulsion energy consumption,
there are research interests on energy efficient UAV communications.
This invokes design problems due to the new tradeoff between
minimizing the UAV propulsion energy consumption versus maximizing
the communication throughput.

State-of-the-art UAVs

For the energy efficient trajectory plan of a drone, it is very important
to extend its service time. Due to the limited computing ability of a single
drone, multiple drones are worth considering in order to simultaneously
provide computing services, where the movement control, cooperation
and the resource allocation of multiple drones require elaborate design.

Today, UAVs have an exponential growth due to significant
technological advances enabling numerous applications ranging from
package delivery, traffic control, and video streaming to disaster
recovery. Non Terrestrial Networks (NTNs) using UAVs in terms of high-
altitude platforms and usage constellations of Low Earth Orbit satellites is
going to be realized to provide global Internet service among many
others.
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UAVs have a variety of applications in areas such as public safety,
IoT, caching edge computing and smart cities, as well as in man-made
and natural disasters like fires, floods, and earthquakes, providing
wireless services to remote and unconnected areas. UAVs also assist
ground wireless networks such as D2D communications and mmWave
communications. Other applications include their usage in small and
power limited devices for healthcare and transportation as well as for
high data rate and low latency required in virtual reality applications.
Also, the applications of UAV user equipment (UE) in scenarios of
surveillance, package delivery, transportation, and remote sensing are of
importance.

Mobile devices have become a very significant component of military
operations, especially taking into account operations at the tactical edge.
This implies that important portions of communications and processing
are executed on resource-constrained and bandwidth-limited platforms
and networks. One of the most critical aspects in military operations is
providing the right information to the right person at the right time. A
factor that simplifies searching for stored images in the cloud is that they
may be processed before enabling quick search. The decision of where
to do the process depends on the state of the military system, energy
requirements, the quality of information objectives, and on what has been
requested. As for video processing, one of the main problems is labeling
all stored images/videos as fast as possible. When videos have been
filtered by time and place, there are two steps for labeling, i.e., prime
extraction and detection.

Future of UAV communications

There are still many open issues related to the performing UAV
communications in 5G systems. For example, in certain use cases, there
can exist some dissipations and barriers between UAVs and ground
stations. In UAV-enabled multi-user non-orthogonal multiple access
(NOMA) systems, the optimal user clustering and user-pairing algorithms
are underexplored fields.

It should be noted that successive interference cancellation (SIC)
relies on the channel state information at both the receivers and the
transmitters to determine the allocated power for each receiver and the
decoding order. One of possible problems is to eliminate the interlayer
interference caused by multiplexing in the power domain. Next, the
communication distance between the UAV and the ground user
equipment would vary constantly based on the real-time requirements.
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Finally, the SIC decoding order determined by the received signal
strength varies with the drone’s location.

To provide seamless communication service to ground users over a
wide area, a swarm of UAVs constructs a multihop network. Such
architecture has centralized coordination enabled by ground
infrastructure with computing capabilities (Campion et al, 2018, pp.903-
908).

The drawback is a round-trip air-ground delay for UAV coordination.
Also, the ground infrastructure is heavily loaded when the number of
UAVs in a swarm becomes large. An alternative for a UAV swarm is
UAV-to-UAV communication. Here the infrastructure, for example a
cellular network, offers the back-bone connectivity between the aerial
networks, between UAVs (Zeng et al, 2018, pp.120-127). Some common
technical features can be provided, including moveable wireless devices,
long communication distance between nodes, a sufficiently high data
rate, minimized communication delay, and line of sight affected by
weather conditions. Currently, 5G is being applied into commercial use.
Drone swarms also play an important role in 5G networks (Figure 8).

They may have to deal with huge data flow with low latency. To
meet this demand, some communication technologies are considered for
UAV swarms such as millimeter-wave, NOMA and cognitive radio (CR)
(Saleem et al, 2015, pp.15-31).

Many academic and standardization groups have proposed the
incorporation of CR and UAV communication systems to increase the
spectrum opportunities (Saleem et al, 2015, pp.15-31).

This concept constitutes a promising network architecture that
allows the coexistence of UAVs with terrestrial mobile devices working in
the same frequency band.

The flexible deployment and strong line of sight links of UAVs are
expected to make them an important component of future 5G and
beyond wireless networks towards the provision of ubiquitous
connectivity at any time. Business spectrum sharing among the UAVs
and the fixed network infrastructure and the introduction of aerial
networks imply additional challenges that need to be addressed. In
particular, the energy supplied to UAVs has been identified as one major
issue in aerial networks, since apart from the possibility of
communication interruption, the possibility of physical damage is also
looming. To deal with this problem, the idea of strategically deployed
charging stations in urban and rural areas has been recently proposed in
the literature. As UAVs gain ground in mobile communications and the
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number of UAV operations is expected to increase, limited places in
charging stations should be allocated efficiently.
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Figure 8 — Drone swarm applications: possible scenario.
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Finally, drone swarm control cooperative missions could be
accomplished via control among different military combat and
communication and control systems and applications intended for
combat operations and warfare (Figure 8). Today militaries are moving
ahead with attacks of swarming drones. For example, drones in swarms
can be equipped for electronic warfare if needed, or swarms may consist
of drones with guns, bombs, and missiles.

Conclusion

UAVs have a long tradition of more than one hundred years of
development and exploitation. During this period of time, they have
become one of the most important technology items which can be used
both on its own and integrated in different systems and applications
including cellular networks.

The usage of smartphones reduces the price of microcontrollers,
accelerometers and camera sensors, which are devices convenient for
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use in fixed-wing aircraft. Advances allowed a drone with 4 or more
rotors to be controlled by adjusting the speed of individual rotors. The
growing use of unregulated UAVs has also accelerated privacy and
physical safety. In that way, the future becomes highly promising. As for
drones, it will occur across the segments such as: agriculture,
construction and mining, insurance, media, and telecommunications.
Drones are expected to become smaller and lighter with much longer
battery life and flight time.

Also, there will be developments in improving drone optics. From the
civilian point of view, improving flight time allows them to serve as
delivery platforms, or to be used in emergency services and for data
collections in a number of areas dangerous for humans, such as in power
plants, fires, etc. Home security and crowd control are included too. Also,
one important thing is miniaturization. As components become smaller
and smaller, UAVs will be reduced in size; there will be, for example,
microscopic drones in the future. Development in flight control
algorithms, machine vision and onboard processing power will enable
UAVs to make decisions themselves, rather than to rely on human input.
In that way, the reaction time and speed will be improved. The flexible
deployment along with strong line-of-sight links of UAVs are expected to
make them an important component of 5G, and apart from being used in
wireless networks, they are also to become components of various
military systems towards the provision of ubiquitous any time connectivity
(Li et al, 2019, pp.2241-2263).

Military networks are crucial in carrying out military actions. As
images/videos are rich sources of information, the main challenge is to
be in a position to issue a query over a large distributed set of devices to
find concrete actions or objects of interest. The concrete MIoT solution
architecture depends on a specific military scenario and the area of
application (Zielinski et al, 2021, pp.36-42).

Finally, energy supply was identified as one of major issues in aerial
networks. In order to deal with this problem, the idea of deploying
charging stations has been proposed by Z.W. Mekikis and Antonopoulos
in 2019. However, UAV operators are expected to increase the limited
space in charging stations.
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Kak HarpaesieHue ons uccnedosaHull ErJIA. lNomumo
8bllenepeyuUCc/ieHHo20, 8 cmambe OfucaHoO Hacmosiujee cocmosiHue
Br1A u ux nepcriekmusbi 8 6ydyuiem.

Bbigodbi: BlJIA ueparom 8axHyr poOrfib HE MOSIbKO 8 pPasfiuyHbIX
B0€HHbIX onepayusix 8 boesbix ycrosusix, 20e OHU WUPOKO
MPUMEHSIIOIMCS, HO OHU makxke mMo2ym Obimb r1one3Hbl U Ons Opyaux
uernel, makux Kak, Harnpumep, uHmezpayusi e cemu 5G.

Knouesnle criosa: 6ecriunomHsie nemamenbHble annapamsi (BI1/1A),
pol OpOoHOB, BOEHHbIU UHMepHem sewel.

O NOCTAHKA BECMUITOTHUX NETEJNTMUA 0O BNXOBE
MHTEMPAUUJE Y BEXKNYHE MPEXE
3opaH M. Munuyesuh?, 3opaH C. Bojkosuh®

2 Bojcka Cpbuje, MeHepanwTab, YnpaBa 3a TenekoMmyHukauuje n
nHcopmaTuky (J-6), Beorpaa, Penybnvka Cpbuja, ayTop 3a npenucky

6 Yuusepautet y beorpaay, Beorpan, Peny6nuka Cp6uja
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OBJIACT: TenekomyHwukauuje
BPCTA YJTIAHKA: nperneaHu pag

Caxemak:

Yeod/yure: Y pady je npedcmasrbeH ucmopujam 6ecriunomHux
nemenuya (BJ1) — 00 nocmaHka 0o uHMezpayuje y caspemeHe bexudHe
Mpexe.

Memode: KopuwheHe cy aHanuse, cuHmesa u yropehusare
mexHornoauje pasgoja becnumomHux Jiemenuya Kpo3 ucmopujy ca
3HavajHuUM acrieKmuma uHmezpauuje y 6exXu4He KOMyHUKayLUOHe MpEXe.

Pesynmamu: [lpedcmaerbeHu cy 8axHU  acriekmu  bexu4yHe
KOMyHUKauuje, kao jeOHe 00 Kiby4HUX mexHoroauja 3a bfl. PasmampaHa
je u eHepzemcka eghukacHocm Kao rym ucmpaxueara 6ecriunomHux
nemenuua. Takofje, onucyje ce cadawra ¢yHkyuja BJ1 u npedsuha
bydyha KoMyHuKauuja ca Huma.

Sakrbyyak: becrniunomHe nemernuue HUCY 8aXHe caMoO 3a WUPOKY B8OjHY
yriompeby y pasnudumum 6opbeHuUM orepayujama U pamHOM OKPYKEHsY,
eeh u 3a Opyae capxe, nornym uHmezpauuje y 5" mpexe.

KmbyuyHe pedu: 6ecnunomde nemenuye (BJT), poj 6ecnunomHux
nemernuya, 80jHe UHMepHem cmeapu.
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Abstract:

Introduction/purpose: Nowadays, user identification systems play a very
important role in modern society. Complex security requirements have led
experts to explore ways in which biometric data can be used to identify
user identities. This paper presents an overview of biometric standards
and methods which can be used to identify users in biometric systems,
and therefore to protect information and communication systems.
Methods: This paper deals with the problem of standardization in the field
of biometrics. The first part of the paper presents concrete examples of
the most widely used biometric standards. The second part of the paper
gives an overview of the most used biometric methods.

Results: The obtained results show that the development of biometric
systems and biometric sensors contributes to better protection of identity
from misuse, because biometric technologies have great potential for
improving the security and accuracy of system operation. Biometric
systems improve the security of users and also provide much greater
precision in establishing identity.

Conclusion: The development of biometric standards should focus on their
interconnectivity, as well as on increasing connectivity with other IT
standards.

Key words: biometric standardization organizations, biometric
standards, biometric sensors, biometric methods.

Introduction

Nowadays, Personal Identification Numbers (PINs) or various
passwords are often used for identification purposes. For example,
people are asked to identify themselves when withdrawing money at
ATMs, logging in on computers, using keys when opening the doors,
using codes when entering buildings, typing passwords on the Internet or
giving ID, passport or driver's license numbers as proof of identity. All of
these methods have various disadvantages (cards and keys can be
stolen, passwords can be hacked). In order to precisely identify an
individual to minimize current security issues and threats, biometric
technics can be used.

Biometrics is a tool that can be used to complement or even replace
existing user identification systems based on what the user knows or
what he or she possesses. Biometrics is one of the key methods for user
recognition because it provides strong security and has great practicality
(Ortega-Garcia et al, 2004).
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Biometric systems use one’s biological and behavioral
characteristics which can be distinguished for the purpose of biometric
recognition (Jain et al, 2000), (Jain et al, 2004).

There are several biometric technologies that have been used so
far: fingerprint- (Lalovi¢ et al, 2019), face-, iris-, or vein arm-based
(Kumar & Prathyusha, 2009), (Wang & Wang, 2017),
electroencephalograms (EEGSs), electrocardiograms (ECGs) (Chun,
2016), (Odinaka et al, 2012), and multispectral skin photometrics (MSP).
Each of these biological characteristics uses specific biometric sensors.

The development of biometrics for user authentication has led to the
development of standards for biometrics. These standards should
provide the set of specifications to ensure interoperability with other
biometric systems and products (Prabhakar et al, 2003).

This paper gives an overview of the most applied biometric
standards as well as biometric methods that can be used to resolve
security issues and threats.

Biometric standardization organizations

Each standard should be based on proven results of science,
technology (technology) and experience.

Standardization organizations are divided into: formal and informal.

Formal Standardization Organizations (FSOs) develop “de jure”
standards, and they form official national standards bodies and
internationally recognized bodies. The examples of formal organizations
for standardization are:

At the International Development Standard (SDOs) level:

* |EC - International Electrotechnical Commission,

* 1ISO - International Organization for Standardization, and

* ITU - International Union of Telecommunications.

At the regional level:

« CENELEC - European Committee for Standardization in
Electrical Engineering,

* CEN - European Organization for Standardization, and

« ETSI - European Institute for  Standardization in
Telecommunications.

At the national level:

» JISC - Committee on Japanese Industrial Standards,
 ANSI - US National Standards Institute, and

» BSI - British Standards Institution.
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“‘De facto” standards are developed by informal standardization
organizations, usually by business associations and consortia. Some of
them are W3C (World Wide Web Consortium), Internet Engineering Task
Force and OASIS. JavaCard Forum, BioAPI Consortium and Voice XML
Forum represent informal standardization organizations that deal with
biometric data.

Formal standardization organizations

JTC1 ("Join Technical Committee 1") is the 1SO and IEC technical
committee for information technology standards. It has a subcommittee
with the task of development of generic biometric standards SC37
("SubCommittee 37").

This subcommittee has six working groups WG ("Working Group")
with a specific area of work:

WG1 - Harmonized Biometric Vocabulary,

WG?2 - Biometric Technical Interfaces,

WG3 - Biometric Data Interchange Formats,

WG4 - Biometric Profiles,

WGS5 - Biometric Performance Testing and Reporting, and

WG6 - Cross-Jurisdictional and Societal Aspects of Biometrics.

ISO has other technical committees with task of dealing with
biometric data. These are TC68 for financial services, JTC1 SC32 for
data management and exchange, JTC1 SC17 for cards and personal
identification, JTC1 SC29 for encoding audio, image, multimedia and
hypermedia records, JTC1 SC24 for computer graphics and images,
JTC1 SC27 for IT security techniques, JTC1l SC31 for automatic
identification and data acquisition techniques, JTC1 SC36 for IT for
learning, education and training, ITU-T SG17.

Informal standardization organizations

The BioAPI consortium is an example of informal organization for
biometric standards. It was responsible for development of a common
biometric application programming interface. The ANSI standard and the
ISO standard are the most famous specifications of this group.

Biometric standards

There are different ways of collection and reproduction of biometric
data so the safety of biometric data is crucial (Unar et al, 2014).
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The financial sector was the first sector that used biometric
standards. However, the development of biometric systems has led the
organizations for standardization to introduce new biometric standards
which are related to the security of biometric applications and biometric
systems.

Nowadays, there are a lot of studies in the field of biometrics such
us biometric transaction security and protection of biometric data.

The most popular biometric technical standards founded by SC37
are the Biometric Application Programming Interface (BioAPI) and the
Common Biometric Exchange Format Framework CBEFF).

BioAPI

The BioAPI (Biometric Application Programming Interface) standard
determines biometric application interfaces, devices and algorithms for
distinguishing biometric data and device types.

This standard introduces basic functions of biometric systems, i.e.
Enrollment, Verification and Identification. It also introduces an API
(Application Program Interface) and an SPI (Service Provider Interface)
for programmers and developers. Figure 1 gives the BioAPI’s Application
Program Interface/Service Provider Interface model.

Biometric Application Biometric Application

BioAPI Framework

BSP BSP BSP
O O 00
Device Device De‘;ice De;uce

Figure 1 — BioAPI’s API/SPI model (Thevenot et al, 2001)
Puc. 1— BioAPI API/SPI modens (Thevenot et al, 2001)
Cnuka 1 — Moden BioAPI API/SPI (Thevenot et al, 2001)
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CBEFF

The CBEFF (Common Biometric Exchange Format Framework)
introduces a set of data elements needed to support biometric
technologies in order to provide interoperability between biometric
programs and biometric systems made by different manufacturers.

Figure 2 refers to the basic data structure for face, iris, fingerprint,
palm, etc.

- CBEFF structure

SBH

(Standard biometric header)

BDB < Biometric data

(Biometric data block) (eg: a 19794-5 face biometric)

SB

(Security block)

Figure 2 — CBEFF basic data structure (Thevenot et al, 2001)
Puc. 2 — CBEFF 6a3oeasi cmpykmypa OaHHbix (Thevenot et al, 2001)
Cnuka 2 —OcHosHa cmpykmypa nodamaka CBEFF (Thevenot et al, 2001)

ACBio

In order to ensure the integrity and confidentiality of transactions, the
ACBiIo standard uses data encryption and digital certificates. It specifies
the structure of data for a remote biometric verification.

In the ACBIio model, a biometric transaction represents a number of
processes executed by the Biometric Process Unit - BPU (e.g. sensor,
smart card, comparison device, software running on a personal
computer, etc.). Each of them sends relevant security information as a
data block called the ACBio instance generated by the BPU.

Biometric sensors

In order to reach the phase of user identification, in terms of
protection of information and communication systems, it is necessary to
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collect biometric data through biometric sensors that will be compared
with the already existing data registered in the system itself.

A sensor is a device that measures physical quantities and converts
them into a signal readable by an observer or an instrument. The
measured signal can be light, heat, movement, humidity, pressure or any
other environmental phenomenon. The output is usually a legible signal
to the observer or instrument at the sensor location itself or can be
transmitted electronically over the network for reading and further
processing.

Sensors have a wide application in virtually all aspects of life,
including safety, security, surveillance, monitoring and detection in
general (Ortega-Garcia, 2004). Sensors in the industry occupy a central
place in process control, monitoring and security. In medicine, sensors
also occupy a primary place because they are used to diagnose and
monitor physiological changes in patients.

There are several sensor classifications by different authors and
experts (Thevenot et al, 2001). Some are very simple and some very
complex. According to one classification of sensors, they are divided into
active and passive ones. Active sensors are those that require an
external excitation signal or power signal, while passive sensors, on the
other hand, do not require any external power signal and directly
generate a signal response. The second type of classification is based on
the means of detection used in the sensor. Some of the detection
methods are electrical, biological, chemical, radioactive, etc. The
following classification is based on the phenomenon of conversion, i.e.
input and output. Some of the common conversion phenomena are
photoelectric, thermoelectric, electrochemical, electromagnetic, thermo-
optical, etc. (Macek et al, 2015). Finally, sensors can be classified into
analog and digital ones. Analog sensors produce an analog output, i.e. a
continuous output signal. Digital sensors, unlike analog sensors, work
with discrete or digital data. The data in digital sensors used for
conversion and transmission are digital in nature (Lalovi¢, 2018).

Research and development of biosensors is becoming an
increasingly developed discipline, because simple, fast, cheap, highly
sensitive and highly selective biosensors contribute to progress in all
aspects of life. For example, in a new generation of medicine, such as
individualized medicine and ultrasound detection, an on-site sensor
marks diseases. Some of the conventional biosensors and biosensing
techniques from the point of view of smart biomaterials are: biosensors
based on SPR (surface plasmon resonance), biosensors based on FRET
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(fluorescent glucose biosensors) and biosensors based on AuNP (gold
nanoparticles).

Research related to biosensors is interdisciplinary. For example,
advances in surface chemistry provide new methods for designing target
molecule recognition systems. In the future, advances in nanofabrication
technologies promise not only the construction of new transducers, but
also the miniaturization and integration of high-bandwidth biosensors.
Therefore, the development of innovative biosensors requires
interdisciplinary efforts outside conventional specialties. The combination
of a lot of interdisciplinary knowledge will accelerate the development of
biosensors and contribute to the revolution in the biomedical fields.

Biosensors are analytical devices that convert biological signals into
electrical signals. Essentially, biometric sensors are highly specific,
independent of physical parameters such as pH and temperature, and
must be reusable.

The development of biosensors, as well as biosensor materials,
transduction  devices and immobilization methods, requires
multidisciplinary research in chemistry, biology and engineering. The
materials used in biosensors are categorized into three groups based on
their mechanisms: a biocatalytic group containing enzymes, a bioaffinity
group including antibodies and nucleic acids, and microorganisms
containing microorganisms.

Biometric methods

Biometric devices perform data acquisition by receiving data from
one of the sensory receptors in the form of a sensation that occurs in or
on the human body and converts it into analog or digital signals that are
used for further processing (Lalovi¢ et al, 2017). The data thus collected
can be used to identify people. Individual biometric data are unique for
each person and can be used to identify persons, both in the civil sector,
e.g. in health care, educational institutions, companies, as well as in
military, police and state institutions in order to protect their own
resources. Biometric authentication (i.e. real authentication) is used in
information technologies as a form of user identification and access
control to protected resources.

Verification involves performing a one-on-one biometric comparison
to provide access to either physical assets, such as a room or building, or
digital assets, such as a smartphone, computer application, computer
network, or database. For this purpose, biometric data is increasingly
used as a replacement for traditional passwords and PIN codes to

970




improve access control. By comparing a living biometric sample of an
individual with one reliable stored sample, the identity of the person is
determined (Lalovi¢ et al, 2015). This saved sample can be located either
in a central database, a smartphone, or as a token on a credential, such
as an ID smart card (Lalovi¢ et al, 2016a).

There are different methods for biometric data acquisition and user
authentication. Each of the methods of biometric identification has
something specific:

Face recognition - Of the various methods of biometric identification,
face recognition is one of the most flexible, even when the subject is not
aware of the scan. This method of identification can search masses of
people who have spent only a few seconds in front of a “scanner” - that
is, an ordinary digital camera. Facial recognition systems work by
systematically analyzing specific features that are common to all - the
distance between the eyes, the width of the nose, the position of the
cheekbones, the line of the jaw, the chin and so on. These numerical
guantities are then combined into one code that uniquely identifies each
person (Al-Maadeed et al, 2016).

Fingerprint identification - Fingerprints remain constant throughout
life. In more than 140 years of comparing fingerprints around the world, it
has not been discovered that two fingerprints are similar, even in
identical twins. Fingerprint scanners are installed in PDAs, mobile
phones and laptops, so scanning technology is also simple. Fingerprint
identification includes comparison of ridge and groove fingertip samples,
as well as minutiae (ridge characteristics that occur when the ridge splits
in two, or ends) with biometric fingerprint samples in the database
(Bhardwaj et al, 2017), (Lalovic¢ et al, 2016b).

Palm geometry biometrics — Palm geometry readers work in more
extreme environments, do not require clean conditions and form a small
data set. It is a common method of authentication in industrial
environments.

Retinal scan - There is no way to fake the retina in the literature. The
pattern of blood vessels on the back of the eye is unique and remains the
same throughout life. However, it takes about 15 seconds of careful
concentration for the scan to be of good quality. Retinal scanning is
standard in the military and government sectors.

Iris Scanning - Like retinal scanning, iris scanning also provides
unique biometric data that is very difficult to fake and remains unchanged
throughout life. There are ways to encode biometric data to scan the iris
in such a way that it can be securely transmitted in the “barcode” format
(Belcher & Du, 2008).
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Signature - A signature is another example of biometric data that is
easy to collect and not physically intrusive. Digitized signatures are
sometimes used, but usually do not have sufficient resolution to ensure
authentication.

Voice Analysis - Like face recognition, voice biometrics provides a
way to authenticate an identity without the subject's knowledge. But it
has a big drawback, because it is easy to fake.

EEG authentication - uses an electrophysiological system to monitor
brain activity. This technology is very popular and can be used without
any side effects on the brain (Chen et al, 2016), (Tot et al, 2021),
(Nakamura et al, 2017).

Conclusion

Given the significant advances in science and technology, such as
basic developments in micro / nanotechnology, wireless communications,
information technology and biomedical sciences over the past few years,
there has been a transformation in this area of biometric systems, and
models have been designed and built in a wide range of biosensors and
load-bearing sensors.

The development of biometric systems and biometric sensors
contributes to better protection of identity from misuse, because biometric
technologies have great potential for improving the security and accuracy
of system operation. The application of biometric systems improves the
security of users, and such systems also provide much greater precision
in establishing identity.

Due to the importance of establishing identity, it is necessary to
constantly work on improving the system for precise identification, i.e. on
improving their performance, either through the development of biometric
sensors, or through the improvement of biometric data acquisition
methods.
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BMOMETPNYECKME CTAHOAPTbLI M METO[bI
kleaH A. ToT?, KOppeCcnoHAEeHT, NosaH B. BaitueTny?, Bopuwa XK.
WMosaHoBu4®, Mnade+ B. Tpukow?®, Jywar J. Borndesud’, Tamapa M. Fainy?

aYHuBepcuteT 060poHbI B I. benrpan, BoeHHasa akagemus, kacdenpa
TeNnekoMMyHuKaLmnin n uHdopmaTtuku, r. benrpag, Pecny6nuka Cepbus

5 BoopyxeHHble cunbl Pecny6ninkm Cepbusi, YnpasreHue TenekoMMyHUKauui
n nicpopmatukm, LINME, r. Benrpag, Pecnybnvka Cepbus

® Benrpafckuii yHuBepcuTeT, ®akynbTeT opraHM3aLUnoHHbIX Hayk,
r. benrpag, Pecnybnvka Cepbus
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"BoopyxeHHble cunbl Pecnybnuvku Cepbus, YnpaBneHne TenekoMMyHUKauuin
n nicpopmatukmn, LULKUCUI, r. Benrpag, Pecny6nuka Cepbus;
Huwckuin yHuBepcuTeT, DakynbTeT SNeKTPOHUKM,
r. Hnw, Pecnybnuka Cepbus
A benrpagckuin yHuBepcuTeT, ®akynbTeT OpraHM3aLMOoHHbIX Hayk,
r. benrpag, Pecnybnuka Cepbus;
YHuBepcuTeT 060poHbI B . benrpaa, BoeHHas akagemus,
r. benrpag, Pecnybnuka Cepbus

PYBPUKA T'PHTW: 50.00.00 ABTOMATUKA. BbIYMNCITNTENBHAA
TEXHUKA:
50.41.00 MporpammHoe o6ecneyeHne BbIMUCTIUTENBbHbIX
MaLlWH, KOMMMEKCOB U ceTewn
BWO CTATbW: o63opHas ctatbs

Pe3swome:

BeedeHue/uenb: Cucmembl  udeHmugbukauyuu  rosibaoeamerel
uzparom secbMa 8aXKHyI0 PoJib 8 cospeMeHHOM obuiecmse. CroXHbIe
mpebosaHusi 6eszonacHocmu rnobydursnu 3Kcrnepmos u3y4ums criocobbl
ucrionb3ogaHuss buomempudeckux OaHHbIX 0Onsa udeHmucgbukauuu
JIu4HOCmMu nonb3oeamersis. B 0aHHoU cmambe rnpedcmasrieH 0630p
buomempuyeckux cmaHOapmos U Memodo8, Komopble Mo2ym
ucrionnbdogambcss  Ons uGeHmudgbukayuu  rnionib3ogamerseli 8
buomempuyeckux cucmemax, a credogsamesibHO U O7s 3auumel
UHDOPMaUUOHHbIX U KOMMYHUKaUUOHHbIX CUCMEM.

Memodbi: B daHHOU cmambe paccmampusaemcsi rnpobnema
cmaHOapmu3sayuu 8 obriacmu 6uomempuu. B nepeol yacmu cmambu
npedcmaesieHbl  KOHKpemHble  rfpumepbl  Hauboree  WUPOKO
ucrnonb3yembix buomempuyeckux cmaHOapmos. Bo emopol wacmu
cmambu rnipueedeH 0630p Hauboree 4Yacmo  UCMOJSIb3YeMbIX
buomempu4yeckux Memodos.

Pesynbmamei: NonyyeHHble pe3ynbmamsbl fnokasasu, Ymo rnpoepecc
buomempuyeckux  cucmem U  buomempudeckux  Oamuyukos
criocobcmeyem nyqweMy  ydocmo8epeHUio niu4yHocmu u
npedomepawiaem HernpasoMepHoOe UCMOob308aHUe UGeHMUYHOCMU
Opyaumu  fluyamu, OCKOJSIbKy — buoMempuyeckue mexHoso2uu
obnadarom bonbwum romeHyuanoM nosbiweHuss beaonacHocmu u
moyHocmu  pabombl  cucmembl. buomempuyeckue — cucmemsbl
rnosbiwarom b6e3onacHocmb rnonb3oeamerned, a makxe
obecrieqyusarom eopasdo 60rbWyr MOYHOCMb MPU YCmaHo8neHuu
JIUYHOCMU.

Bbigodbi: lNpu paspabomke buomempuyeckux cmaHdapmos criedyem
cocpedomoyume 8HUMaHUe Ha ux 8HYMPEHHIOH
83aUMOC85I3aHHOCMb, @ MakKXe Ha yny4WweHUU UX 83auMocesiau C
Opyaumu UT-cmaHdapmamu.
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Knouesble criosa: opzaHusayusi buomempudeckol cmaHdapmu3auyuu,
buomempuyeckue  cmaHOapmbl,  buomempudeckue  damuyuku,
buomempuyeckue Memoobi.

BMOMETPUJCKWN CTAHOAPON N METOME

UeaH A. ToT?, ayTop 3a npenucky, JosaH b. bajuetuh?,

Bopuwa XK. JosaHosuh®, MradeH B. TpukoLu®,

HAywaH Jb. bornhesuh', Tamapa M. INajuh?

aYHuBep3uteT oabpaHe y beorpaay, BojHa akagemuja, Kateapa
TenekomyHukaumja n nHdopmaTtuke, beorpaa, Penybnvka Cpbuja

5 Bojcka Cpbuje, YnpaBa 3a TenekoMyHuKauuje n MHpopMaTuky,
LINMME, Beorpag, Penybnuka Cpbuja

B YHuBep3uTeT y beorpagy, ®akynteT opraHu3aLuoHux Hayka,
Beorpag, Penybnuka Cpbuja

"Bojcka Cpbuje, YnpaBa 3a TenekomyHukaumje n uHdopMaTuky,
LIKUCWUI, Beorpag, Penybnuka Cpbuja;
YHuBepanuteT y Huwy, EnektpoHcku dakynTer,
Huw, Peny6nuka Cpbuja

A YuusepauteT y beorpagy, ®akynteT opraHn3aumoHnx Hayka,
Beorpan, Penybnuka Cpbuja;
YHuBep3auteT ogbpaHe y beorpagy, BojHa akagemuja,
Beorpag, Penybnuka Cpbuja

OBJNACT: pauyyHapcke Hayke, MHCbOpMaunoHe TeXHoMormje
BPCTA YJ1IAHKA: npernegHu paa

Caxemak:

Yeod/yurb: Y daHawr-e gpeme cucmemu 3a udeHmucgbukayujy KOpUCHUKa
umajy eeoma eaxHy ynoey. CrioxeHu 3axmeeu Koju ce 00HOce Ha
cuaypHocm Haeenu cy ekcriepme Oa pasmampajy HaqduHe Ha Koje 6u
buomempujcku rnodayu moenu bumu KopuwheHu 3a udeHmugukauujy
KopucHuka. Y pady je npedcmaerbeH rpeaned ObuoMempujcKux
cmaHdapda u mMemoda Koju ce Moey Kopucmumu 3a udeHmugbukauujy
KOpUCHUKa y buoMempujckum cucmemuma, 4Yume 6u ce ocmeapurna
3awmuma UHGhopMaULUOHUX U KOMYHUKaUUOHUX cucmema.

Memode: Pasmampajy ce npobnemu y cmaHOaplusauyuju Ha rosby
buomempuje. Y npeom Oenly palda Hasode ce KOHKpemHu rpumepu
Hajyewhe kopuwheHux buomempujckux cmaHdapda, a y Opyeom Qdaje
npeaned buomempujckux memoda Koje ce Hajuewhe yriompebrbasajy.

Pesynmamu:  [llpukynrbeHu — pesynmamu  rnokasyjy 0Oa  passof
buomempujckux cucmema u buomempujckux ceHsopa AorpuHocU bosboj
3awmumu uéeHmumema 00 rozgpewHe yrompebe, ¢ 063upom Ha mo Oa
buomempujcke mexHosioauje umajy 8enuKku nomeHyujan 3a nobosbwarke
3awmume U mayHocmu — cucmemckux — onepauuja. [lpumeHa
buomempujckux cucmema rosehasa 3awmumy KOPUCHUKa, Kao U
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omoeyhaea 6o/by  npeuusHocm MpunuKkoM  ycriocmaesbarba
uéeHmumema.

Sakrbyyak: Passoj buomempujckux cmaHOapda mpeba Ga ce hoKycupa
Ha Huxosy mehycobHy rnosezaHocm, kao U Ha Yepwihy ee3y ca ocmanum
UT cmaHdapduma.

KrbyuHe peyu: opeaHu3ayuje 3a 6uomempujcky cmaHOapdusayujy,
buomempujcku cmaHOapdu, buomempujcku ceH3opu, buomempujcke
memooe.
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CABPEMEHO HAOPY>XAHE 1 BOJHA OINMPEMA
COBPEMEHHOE BOOPY>KEHVE 1 BOEHHOE OBEOPYOBAHVE
MODERN WEAPONS AND MILITARY EQUIPMENT

Mpoayxere XNMBOTHOTr Beka: Benuka bputaHuja nokpehe
nporpam MogepHu3auuje TeHka Challenger 21

BputaHckm TeHk Challenger 2 y6p3aHo rybu TpKy ca MoAEpPHMM TEHKOBUMA.
Pagon npogyxeha H-EroBOr >XMBOTHOI Beka HakoH 2035. rogmHe, GpuTaHcka
apMuja NoKpeHyna je nporpam moaepHusaumje nog Hasmesom Challenger 2 LEP.

TeHk Challenger 2 je npoLuao Kpo3 HEKONMKO CnopagnyHMX MoaepHusauuja
TOKOM CBOr XMBOTHOI Beka, Ykrbydyjyhu nporpam Challenger base inspection
and repair, Platform Battlefield Information System Application, the thermal
imaging sustainment project, kao 1 ekcTeH3uBHa yHanpehewa npe pata y Upaky
2003. roguHe.

Mehytum, oBa nnatopma Huje HuKaga [JoxuBena  KOMMMETHY
MoZepHu3auunjy kao, Ha npumep, oHy Koja je ypaheHa 3a amepunukm TeHk M1
Abrams og mogena M1A1, M1A2, M1A2 SEPv1, M1A2 SEPv2, n M1A2 SEPv3
cTaHgapAaa, ykbydyjyhm n 6ygyhm M1A2 SEPv4. C gpyre cTpaHe, © HEMauYKu
TeHk Leopard 2 npowao je kpo3 pa3He cTaHAapgHe modepHu3auuje, Kao LWTo Ccy
2A4, 2A5, 2A6 n 2A7 y3 ctaHgapae 2A6M u 2A7V.

lpednoa nakema Challenger 2 LEP nodpa3ymesa nomiiyHO HO8Yy Kyrosy u Ho8u mori ca
anamkom yesu 120 mm

1 Jane’s Defence International April 2021
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N3 OputaHcke apwmuje HaBeaeHo je ga hece HakoH 2025. roguHe TeHK
Challenger 2 cBpcTtatm y TexHW4YKM 3actapeny nnaTtopMmy M HeageKkBaTHy Yy
CYynpoTCTaBIbawy MpojekToBaHMM npeTwama. Mako ce pagu o pgobpo
3awTMheHoOM TeHKy, HeroBe CrnocobHOCTM Cy MpunuyHo derpagupade. lNMopea
nojaBe HOBWUX KUHETMYKUX MpojekTuna, kao wrto cy 3BM70 Vacuum-2
(APFSDST) 1 HOBMX NPOTMBTEHKOBCKNX BOMEHWUX pakeTa, kao wTo je 9M133M
Kornet-M, BO3WNO HUWje HW afeKkBaTHO HaopyXaHO Yy OAHOCY Ha CcBoje
noTeHumjanHe NpoTUBHUKE.

Mporpam Life Extension Project (LEP) nokpeHyT je 2013. rogumHe ca
HaMepoM [a ce 3aMeHM onpema Koja ce BMLIE He NPOM3BOAM U Aa Ce MPOaYXU
XMBOTHM BeK TeHka 6e3 3HadvajHe mopepHu3auuje.Pagn Tora je ©puTaHcko
MUHUCTaApCTBO oabpaHe opobpurno gea yroBopa Yy BpegHocTn op 31,23
MUIMOHAa fonapa komnaHuvjama BAE Systems u Rheinmetall Landsystems ca
3agaTkoM [a pa3Bujy QurntanHe npoToTUnoBe.

Y oktobpy 2018. roguHe, komnaHuja BAE Systems oTkpuna je ga ce
KOHUenTHO Bo3uno Hasmea Black Night, wto cyrepuwe nosehaHe moryhHocTh y
HohHUM Gopbama. JegHa of onuumoHuMx MoryhHocTM Guna je u godaBarse
aKTUBHOr cMCTeMa 3aliTuTe 4Yuju je AeMOoHCTpaTop 6una u3paencka koMmnaHuja
Elbit Systems 3a akTMBHM cucTem 3awTute nop Hasueom Iron Fist Light
Decoupled (IF-LD) hard-kill system.

Tokom jaHnyapa 2019. roguHe, komnaHuja Rheinmetall npukasana je HoBy
onuujy MoaepHusaumje Koja je 3HaTHO oOMMHMja of 3axTeBa nporpama LEP ca
HOBOM [OMIMTann3oBaHOM KymnosioMm u Tonom rnatke uesn 120 MM KOMMNaHwuje
Rheinmetall.

Y jyny 2019. rognHe, hopmmupaHo je npuBpeaHo apywTteo Rheinmetall BAE
Systems Land d (RBSL), y okBupy komnaHuje BAE Systems factory, koje je
jenaH op pobaerbada oknonHux GopbeHux Bosuna 8x8 Boxer 3a GpuTaHCku
nporpam UK Mechanised Infantry Vehicle. HakoH pasmaTtpawa npolmpeHe
onuuje Kojy je nmoHyamo Tum RBSL, GpuTaHcka apmuja je peBuavpana cBoje
3axTeBe M CroXxuna ce ca NoHyheHMM MNPOjEKTOM KOju je HaKoH Tora HasBaH
LEP+.

Bampe+a moh

OcHoBHa npomeHa cactojahe ce of 3ameHe noctojehmx Tonoea 120 mMm
L30A1l ca ony4eHum ueBuma TonoBuma 120 mm L55A1 Hemauke komnaHuje
Rheinmetall. Pagn ce o mogeny Ttona L55A1 koju ce Hanasn Ha HEMa4ykoM TEHKY
Leopard 2A7V ca nosehaHom 6p3uHOM npojektuna mu Behom npobojHocTU y
O[HOCY Ha cTaHgapaHy Bep3ujy Tona L55, kao n y ogHocy Ha GputaHcku Ton
L30Al. Ton L55A1 nma go 20% Behy npoGoOjHOCT y OA4HOCY Ha cTaHaapaHy
BEP3NjY.
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lpukas Hemaukoez npojekmurna DN63 APFSDS 3a mon L55A1

[Opyra pasnvka ogHOCK Ce Ha npenasak ca BOAENHOr, OAHOCHO TpogenHor
OGputaHckor npojekTuna Ha jegHogenHu. To he omoryhutn Benukoj BputaHujm
ynotpeby komnnetHe HATO wmyHuumje, ykibydyjyhm u HajHOBMje npojekTune
Tvna DM63 n DM73.

CjeaunreHe [IpxaBe noTBpaune cy Aa amepudku neHetpatop M829A4 ca
jesrpoM of ocupomalleHor ypaHujyma Takohe moxe 6utn ynotpebrbeH kKao
MyHuumja oBor Tona. Benuka BputaHuja TpPeHYTHO KOpPUCTM NeHeTpaTop on
ocupomalleHor ypaHujyma L27A1 Challenger Armament 3 (CHARM 3) APFSDS
y noctojehem Tony L30Al1 u BepoBaTHO he >xeneTu Oa 3agpxu npaBo Ha
ynoTpeby TakBor npojekTuna n 3a HoBum Ton.

YnoTtpeba craHgapgHor HATO npojektuna nogpasymeBana 6w ywreae y
KyMOBWMHM LUKOJICKE MyHMUMjE, Kao U ,paTHUX 3pHa”, anu 1 6yayhn 3ajegHnyku
pa3Boj HOBUX TMMNOBa NPOjeKTuNa.

MyHuupnja he ©OMTM ycKknaguwTeHa Yy HOBOM, caja WHAYCTPUjCKOM
CTaHdapAay, ogerbky ca M3gyBHUWM naHenuma y cnydajy npoboja kynone. OBaj
opjerbak ©uhe nyweH ca 15 rpaHata, a pogatHux 16 rpaHata 6uhe
yCKNaguLWwTeHo y Tpyny TeHka, WwTo 3Hayn da he TeHk umatu go 31 rpaHary.
OBakBO peLUete je 3HaTHO yMamwuno kanauuteT o Hekagawmwmx 49 rpaHaTa y
NPeTXOA4HOj BEep3Mnju TeHKa, WTo je 6uno omoryheHo nakwumm cknaguiiTexrem
OBOAENHUX rpaHara.

KoHuenTt ayTomaTckor nyhwava je ogbayeH, jep 6u 3axTeBao NpojekToBame
MOTMYHO HOBOT Tpyna TeHka, a, ca Apyre cTpaHe, y bputaHckoj apMuju 1 gare
cMmatpajy Aa je ymareHe nocazie ca YeTupu Ha TpW 4YraHa KOHTpanpoayKTUBHO
y CMUCINy ofpXasarsa 1 NIOrMCcTUKe.
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Sawmuma

Ha HoBOj Kynonu ysoau ce HOBW MoAynapHM OKMon Koju nosehasa 3awTuty
Bo3una. OwTteheHn mogynu mohu he ce 3aMeHMTM MOAyNMMa HOBE OKMOMHe
TexHonorvje kaga 6yay AoctynHu. MHCTanaumja moayna je u 3HaTHo jedpTuHuja
Of1 HCTanaumje KOMNMeTHe OKMNOMHe 3aLITUTE Ha Kyrnonama.

HoBn cuctem 3awtute yBOAM W JopaTtHuM oknon appligué Ha ©604HMM
CTpaHaMa TeHKa pagu 3aliTuTe NPOTUB MWHA, MMMPOBU3OBAHUX EKCMIO3UBHUX
HanpaBa ¥ gpyrux npethwu. Minak, noctojeha pelwerwa JogaTtHOr OKrnomna 3HaTHO
yTMdy Ha noeehawe TexuHe, na ,Jlabopatopuja opnbpambGeHux Hayka w
TexHomorvja” yop3aHo paan Ha HOBOM NlakLweM OKIony.

Mako je cuctem akTMBHe 3allTUTe jedaH o4 npeporaTvBa MNocTU3aka
MOCTaBIbEHOr LUWiba KOju Ce OOHOCU Ha MpeXyBIbaBake, HApOoYWMTO Kaga ce
pagu o ogbpaHn o NPOTUBTEHKOBCKUX BONEHMX pakeTa, oBaj cucteM Hehe B1Tu
WHCTanupaH Ha cea Bo3una Beh he oHa GMTK onpemMrbeHa Tako Aa ce Ha Huma
MOX€E WHCTanuMpaTu MOMEHYTU CUCTEM YKONMMKO TO Oyae KacHuje 3axTeBaHo.
TpeHyTHO NOCTOjU naeja o UHCTanauuju Heknx 60 cuctema akTMBHe 3alUTUTE.

BputaHcka apmuja TpeHyTHO pasmMaTpa W3paernickM CUCTEM aKTUMBHE
sawTute Trophy-HV ykonuko Oygme opnyyeHo ga ce yrpagu. WHadve, oBaj
n3paenckn cucteM 6uhe yrpaheH Ha amepuykn TeHk M1A2 SEPv2 Abrams u
Hemadkn TeHk 2A7VALl. Cuctem je uWHave Yy ynoTtpebu Ha wu3paernckmm
TeHkoBMMa Merkava MK 4 koju cy npeu nyT 6opbeHo ynoTpebrbeHn y onepauuje
»Protective Edge ”Tokom 2014. roguHe. Tokom Te onepauuje cuctem Trophy-HV
je He camo npecpeTao NPOTUBTEHKOBCKE BONEHE pakeTe U KyMynaTuBHE pakeTe
Beh je ykasuBao M Ha nokauuvjy naHcupawa koja je npeko mpexe ynyhueana
ocrarne nspaerncke ogbpambeHe nnatdopme Ha NpoTUBAEjCTBA.

lNMokpemsbusocm

lMoKpeTrbMBOCT Kao KOHUEeNT Huje ernemMeHT nporpama LEP, anu ce
pasmaTtpa y LMpeM CMUCNY, OAHOCHO Ha HUBOY YHanpehewa uene dnorte
TeHkoBa Challenger 2 koja ykrby4yje BO3uro 3a obyky, Hocad mocta TITAN u
nHxewepcko Bo3uno TROJAN. MNuTarwe NOKpeTIbMBOCTM Ouhe pasmaTtpaHo y
oksupy nporpama ,Heavy Armour Automotive Improvement Project” (HAAIP),
Kao ¥ moaudmkauvja y OKBMPY MMaHUpaHuxX cepBuca U MoAepHusaumja
.Maintenance, Repair, and Overhaul Level 4”(MROA4).

Y oksupy npojekta HAAIP paguhe ce ctaHgapauv3auvja moTopa U Bellana
Ha cBuM TunoBuMa TeHka Challenger 2. Motop he 6uTn goBedeH Ha cTaHaapa
CV12-8a, cycneHsnja he 6utn xuagporacHa (3GH), a 6uhe umnnemeHTupaH 1
eneKkTPUYHU XNagHu CTapTHU CMCTeM U yHanpeheH cuctem 3a xnaheme.

HakoH 3aBplieHe mogepHu3auuje, TeHk Challenger 2 6uhe 3HaTHO Texw,
na he ce Hahm y knacu MLC100, wTo 3Haum ga he To ytmuaTtu Ha noructuky. C
TUM y Be3un, To he JoBecTn 40 NpoMeHa y obnactu TpaHcnopTepa u NPeHOCHUX
mocTtoBa. Npobneme oko TpaHcrnopTa NpBO je umarna aMmepuyka Bojcka Kaga ce
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yBugeno ga TeHk M1A2 SEPvV3 He Moxe KOpuUCTUTU noctojeha npeBo3Ha
cpencTea M TakTU4YKe MOCTOBE.

Mpojekt HAAIP Hehe pgonpuHeTu 3HayajHoM nosehawy cHare moTopa.
TeHk Challenger 2 uHa4ye HemMa MOTOpP CHare MOAEPHMX TEHKOBA, jep W3HOCU
camo 1.200 KC y ogHocy Ha npocek oa 1.500 KC, ook ce gaHac cHara moTopa
npojektyje og 1.800 n 2.000 KC.

KOMyHUKQUUOHU u ocMampaydku cucmemu

Y okBupy nporpama LEP o4yekyje ce yrpagtwa OpuTaHCKOr TakTU4KOr
KOMyHuKaumoHor cuctema MORPHEUS. Ca aurutannsoBaHOM — Kyrosiom
npeasuha ce U moaepHu3aumja cuctema C4ISR.

KomaHagmpoBa naHopamcka ocmatpadka crnpaBa 6uhe ORION komnaHuje
Thales, pok he HuwaHcka cnpaBa HuwaHpuje 6utn Thales DNGS T3. Osu
ypehaju cy Beh y npoussogmwun y Benukoj bputaHuju 3a mssuhavko BO3MMO
AJAX, WwTo 61 NojeAHOCTAaBMUIIO NTOrMCTUYKE 3aXTEBE N YMaHNIO LiEHY.

lnaH npoepama

Benukn je nputncak 3a nokpetawe nporpama LEP. BputaHcka TeHKOBCKa
¢rota ce TpeHyTHO ogpxaBa KopuwheweMm JenoBa ca BO3una kKoja ce He
KopucTe, anu Takae npouec moxe Tpajatu camo Ao 2025. roguHe. BputaHcka
apMuja je HaBena ga he HakoH Te roanHe octatu 6e3 njeaHor TeHka.

Challenger 2 je jedaH 00 Hajeehux u Hajmexux meHKoea Ha ceemy u criada y caMm 8px
HajsawmuheHujux meHKosa

Mporpam LEP he omoryhutn Habaeky o 190 Bo3una pagu onpemara e
MOTOpM3OBaHe TEHKOBCKe Opurage 3ajeqHo ca ogrosapajyhum cpencrtBuma 3a
obyky u oppxaBare. Ouekyje ce HabaBka 157 knacuyHmx TeHkoBa, 33
KOMaHOHa TEeHKa, Kao U NHXEHEPUjCKUX TEHKOBA.
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MehyTtum, ¢ 063npom Ha manu ByLieT, He NOCTOju BenuKka BepoBaTHoha aa
he 6utn mucnyweH umrb MopepHusaumje 190 Bosuna.. Kao wro je Hasena
komnanuja Rheinmetall y cBom msBewTajy us 2021. rogmHe, peanHuje je ga ce
mMoaepHuayje 138 TeHkoBa.

BputaHcka apmuja pasmatpa U anTtepHaTUBHE MNSIAHOBE KOjU YKIby4yjy
TIN3UNHT, KYNOBWHY NOMOBHUX TEHKOBA UMW NOKanNHy NPou3BOAHY HEMaYKOr TeHKa
2A7V, ogHocHo amepwuykor TeHka US M1A2 SEPv2, anu n eBeHTyanHy HabaBky
HOBUX BO3MIia Kao WTO je Kopejcku TeHK K2. Mnak, cBe nomeHyTe onuuje cy
npoLeHeHe Kao HEM3BOASbMBE UMK MOMUTUYKN HekoMnaTtubunHe ca onuujom u
3axTteBuma nporpama LEP+.

Benuka BpuTtaHvja je nocneawa y Hm3y 3emarba HATO-a koje cy
npeaysene MoaepHM3aLmjy CBOjUX TEHKOBCKMX KanauuTeTa.

BputaHckm nnaH LEP npegBuha yBofewe NoTnyHO HOBE Kyrnosne koja ou
NpOoAyXuna >UBOTHM Bek TeHka Challenger 2 n HakoH 2035. roguHe.

Hemauka

Hemaukn TeHk Leopard 2 npeacrtaBrba y3op ycnewlHOr KomepLmjanHor
pasBoja TeHka. On kap je yeegeH 1979. roguHe, Leopard 2 Hanasu ce y
Haopyxaky Yak 19 gpxaBa, a pagun ce o Yak 90 pasHux BapujaHTu 3a 3.500
Npon3BeAeHMX 1 UCTTOPYYEHNUX BO3MIA.

TeHk Leopard 2

Hemauku TeHk je yHanpeheH kpo3 cegam ctaHgapamsaumja. Ceakux 50 10
roguHa pafeHa je Benuka mopepHusaumja, a 2 oo 5 roguHa mMawa. Benwvke
MogepHu3aumje bune cy o3HadyeHe cTaHgapavMMma of 2A4, 3atum 2A5, 2A6 u
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HajHoBMWja 2A7, Koje cy NpaheHe MawbMM CTaHgapausaunjama kao WwTo cy 2A6M,
2A6M+, 2A6MA1/2/3, 2A7V, u 2A7A1.

3axBarbyjyhm oBakBoM npuctyny Hemauka je ogpxkana BWCOKM
TEXHOSOLLKM HMBO BO3una 1 omoryhuna cBojoj MHAYCTpuju BENnKN 6poj YHOCHMX
yroBopa, kao W ofpXaBawe CMocOBHOCTM OBOr TeHka. Haume, npousBogHe
nnHwnje 3a TeHk Leopard 2 Hucy npekmaaHe npeko 40 roguHa.

HajHoBuWja yHanpehewa ce n garbe cnpoBofe, Kao LUTO cy CcTaHaapau
2A7V n 2A7Al. MNocneawwn ctaHpapd ykrbydyje Ton L55A1, koju he 6utn
yrpafeH y TeHk Challenger 2 LEP. CtaHgapa 2A7Al1 je o3Haka koja he 6utu
yBefeHa 3a TeHKoBe cTaHgapga 2A7, a koju he OuTn onpemMrbeH U3paenckum
aKTMBHMM cuctemom 3awTute Trophy-HV, uctum kojum he 6utn onpemsbeH 1
TeHKk Challenger 2 LEP. OBaj cuctem aktmBHe 3awTute Ouhe yrpaheH n Ha
TeHKoBe cTaHgapaa 2A6A3, a 3a caga ce nnaHupa yrpagwa Ha 17 Boauna.

Hemadka HamepaBa [a HacTaBu Ca KOHTMHyMpaHMM MoZepHusauuvjama
TeHka Leopard 2 cee go 2040. roguHe, OOHOCHO Oa Kpaja pasBoja Hemauko-
dpaHuyckor npojekta Main Ground Combat System (MGCS) y okBupy Kojer 6u
610 yBeaeH HOBK TeHK 3a obe 3emrbe —PpaHLycky 1 Hemauky.

Cjedur-eHe Amepuuke [pxase

CjeaunmeHe [pxaBe cnegune cy cnu4dad passojHu nyT og 1980. roamHe, o4
Kaga je y 6opbeHy ynotpeby yBeneH TeHk M1 Abrams. Op Taga cy cnpoBefeHe
Behe n mMawe MoaepHu3aumje, Koje Cy ce KpeTane of cTaHgapda M1, zatum
M1Al na n M1A2. TpeHyTHO ce pagu Ha nporpamy Engineering Change
Proposal (ECP) koju he pesyntupat¥ MoAepHM3aLMOHUM MporpamoM System
Enhancement Packages (SEPs).

HajHoBuja Bep3unja TeHka M1 je M1A2 SEPvV2 koja he ,gurutanusosatn’
aMepuyKy TeHKOBCcKy ¢noTy. MogepHusaumja uma 3a UMb 3aMeHy CBUX
aHanorHux cuctema gurutanHum 3aMmeHama, Kao WTo cy yHanpeheHu gucnnejy
N KOHTPOISTHKU cuctemu, anu he ce ogHOCUTU U Ha NOMONHY NOFOHCKY jeAUHULLY.

Ouekyje ce ga he 1.600 TeHkoBa M1A2 6uTK ykIbyyeHo y nporpam SEPv2
a y mehyBpeMeHy je HabaBrbeHo 1 400 cuctema akTmBHe 3awTute Trophy-HV
oA wuspaencke komnaHuje Rafael Advanced Defense Systems, na cy csu
cuctemu Beh n ucnopyyeHn y janyapy 2021. roguHe, nof 03Hakom XUTHO.

Beh ce nnaHunpa u cnegeha moaepHusaumja, nog o3Hakom M1A2 SEPv3,
Koja On ykrbyumna nosehaH HMBO 3alUTUTE, AMjarHOCTUYKE CUCTEME M Mpenasak
Ha 3aMeHIbMBE Mopayrie Koju 6u 6unu nakwm 3a 3ameHy. MpojekT 6u yKibyuno u
MogepHu3aunjy gurntanHe CTpykType ca rurabutHom eTepHeT MPEXOM, HOBUM
CUCTEMOM 3a ynpaBrbawe NOrOHOM M A0AaTHUM reHepaTopom o 7.840 satw.
Mopeg Tora, noctojahe M akTMBHa 3awTuta MPOTUB WMMMPOBU3OBAHUX
€KCMNMno3nBHMX Hanpaea.
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M1A2 SEPv2 onpemrbeH akmusHUM cucmemom 3awmume Trophy-HV

CjeaunrbeHe [pxaBe Takohe npuBoAe Kpajy nnaHupare y Be3u ctaHgapaa
M1A2 SEPv4, 3acHoBaHor Ha npeanory ECP1B, Ha ocHoBy kojer he 6utu
AofaTa npumapHa HyaHcKa crnpasa koMaHampa (npe ce Ha3usana HesaBucHa
TepmarnHa ocMmaTpavka crnpasa komanaupa), yHanpeheHa npyvMapHa HuLaHckKa
crnpaBa HuwaHuuje, Tpeha reHepauunja vHdpaupBeHe ocMaTpayke cnpase U
MOryhHOCT wucnarbuBaka BULLEHAMEHCKE TEHKOBCKe rpaHate XM1147 wn3
ocHoBHor Ttona 120 mm. MNocToje nHopmaunje oa he uena amepudka cnorta
TeHkoBa Abrams Outn pgosegeHa Ha HuBo SEPv3 (ECP1A), a 3atum Ha
KoHdurypauujy SEPv4 (ECP1B).

Y CA[ ce akTMBHO pagu Ha nporpamy TeHka koju he ce npousBoauTU of
2040. roguHe y oksupy nporpama Optionally Manned Tank.

®paHuycka

Y ®paHuyckoj ce, kao n y Benukoj BputaHuju, pasmuwirbano o KynoBuHM
TeHkoBa Leopard 2 wnn M1 npe Hero WTO je OBa 3eMiba passuiia CONCTBEHU
TeHK Leclerc. To je Hajmnahu og cBux HATO TeHKoOBa, MpPOjEKTOBAH KaCHMX
ocamaeceTux rogumHa, a ywao je y onepatuBHy ynotpeby 1993. roauHe, kaga je
3ameHno TeHk AMX-30. lMpousseneHo je 308 oBUX TEHKOBA y pPasnUyYUTUM
cTaHgapauma, kao n 20 OKMOMNHWX BO3uNna 3a ussrnadvewe, 3a dpaHuycky ca
jeaHnm n3Bo3oM 3a YjeauweHe Apancke Emupate og 388 TeHkoBa, ABa TeHka
3a 00yKy 1 46 Bo3una 3a u3Bnaveme.

®paHuycka, kao 1 Benvka bpuTaHuja, Huje npegysena Kopake ka
KOHTUHYMpPaHOj MogepHu3aumju, kao wWTo cy To pagune Hemauka n CAL.
YMecTo Tora, ogflyumnu cy ce 3a jedHy BenuKy MogepHu3auujy OBOr TEHKa Ha
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CcpeauHu HeroBor XmMBoTHor Beka. NognHe 2015. komnaHunja Nexter 3anoyena je
mogepHu3aumjy 200 TeHkoBa 1 18 Bo3una 3a u3Bnayewe Ha ctanHgapa XLR.

e '~

.,-\‘__.0 =

-

3 /1 A4 [ s i ] :

YHanpehere ¢paHyyckoz meHka Leclerc XLR je deo npoepama modepHu3ayuje
SCORPION

M3ocTaHak KOHTMHyuMpaHe MOAepHU3aLMje MHOro je kowTao PpaHLycky,
jep mogepHusaumja Ha ctaHgapa XLR je cese ckynrba. Ha npumep, ycnen
npecTaHka npousBoawe AeroBa Typbonywada 2014. rognHe, pagu wrtegme,
6uno je notpebHo Hahu HoBor AobaBrbava anTepHaTUBHOI CUCTEMA.

HakoH mopepHusaumje odekyje ce ga he dpaHuycka drioTa TeHKOBa
octatu y onepaTuBHOj ynotpebu go 2040. roguHe, kaga 6w Tpebano ga 6yae
3aMer-eHa (ppaHLycKo-HemMa4dkmMm npojektom MGCS.

Umanuja

Wtanwja je cneguna nyTt Benuke bputaHuje cBojuM TeHkom Ariete koju je
npBu NyT yBedeH y onepatuBHy ynoTtpeby Tokom 1995. rogmHe. MehyTtum,
CMMYHO Kao OpwutaHckm u cpaHuyckn TeHkoBu Challenger 2 mn Leclerc, Huje
KOHTUHYMpPaHO MoAepHM30BaH, ocum WTo je 2000. rogmMHe ncnpasrbeH Npobrem
KOju ce oQHOCMO Ha MOTOp.

MognHe 2019. TeHK ynasm y nporpam mogepHusaumje koju he omoryhutm
weroy ynotpeby go 2030. rognHe. buhe yBegeHa naHopamcka ocmaTtpadka
cnpaga Attila-D, HnwaHcka cnpaBa LOTHAR un cuctem 3a ynpaerbarwe BaTpom
Selex Galileo TURMS-T «koju je ynotpebrbeH Ha camoxogHom Tony Centauro I
MopepHusaumja he obyxBaTuUTV €NEeKTPUYHM CUCTEM OKpeTaka Kyrorne pagu
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nosehawa nepdgopmaHcK M 3aWTUTE, Kao U HOBU MOAYMapHM MacUBHU U
€KCMMNo3nBHO-peakTMBHU okrion ROMOR.

HakoH Kpaja XuBOTHOI Beka TeHka Ariete, y UTanuju ce pasmuwrba o
ynacky y 3ajegHudkuM paseoj TeHka ca LUnanujom, a npep kpaj 2020. rogunHe
objaBreeHo je oa 6u y 3ajeaHnykm nogyxear ywina u MNorscka.

Hpaeax M. Byykosuh (Dragan M. Vuckovié),
e-mail: draganvuckovic64@gmail.com,

ORCID iD: " 'http://orcid.org/0000-0003-1620-5601

Pycka apmuja gobuja camoxoaHn NpOTMBTEHKOBCKM Ton Sprut-
SDM1 SPATG?

Pycko mMuHuctapctBo ofbpaHe oanyusno je pa HabaBu camoxogHu
NPOTUBTEHKOBCKM Ton 2S25M Sprut-SDM1, anu ce jow yBek He 3Ha 6poj Tux
BO3una.

oo, T anitic

—

Sprut-SDM1 (Mseop: Army Recognition)

Ouekyje ce ga he 242. ueHTap 3a o0b6yKy BasgyLIHOAECAHTHMX Tpyna
noyetn ca obykoMm nocaga 3a ynotpeby camoxogHor Tona Sprut-SDM1 Tokom
2021. roguHe.

OcHOBHa BapuvjaHTa camOXO4HOr MNPOTUMBTEHKOBCKOr Toma Sprut-SD,
3BaHU4YHO je npuxeaheHa 2006. roguvHe. OpyXHW CUCTEM 3acCHOBaH je Ha
6opbeHom Bo3uny newapuje BMD-4, a 10 Bo3una je ucnopy4eHo BOjCLM TOKOM
2000. roguHe. Mehytum, 2010. roguHe obOycTaBrbeHa je parba HabaBka

2 Defense News December 2020 Global Security army industry
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cucTemMa NoMeHyTor cuctema 36or nower kBanuteTa npojekta U HeJOBObHE
OKIIOMHe 3awTuTe.

Paan nosehata cTeneHa npexuBrbaBawa, pycka MHOYCTpUja je passuna
jauy GanuncTuuky 3awTmuTty 3a cuctem Sprut-SDM1. Ton je nOTNyHO MHTErpucaH
ca QurntanHum CUCTEMOM 3a yrnpaBrbake BaTpoM, CIIMYHUM OHOM Ha TEHKy T-
90MS, wrTto je goeeno Ao nobosbluaka NpeumsHocTu rahawa u omoryhuno
nocagn Hanag Ha crnabo nokpeTHe W HuckoneTehe uWrbeBe, Kao LWITO Cy
xenukontepu un 6GecnunotHe netenuue. CamoxogHW MPOTMBTEHKOBCKA TOM
nobuo je BoheHy pakety Invar-M, 9M119M1, koja ce naHcMpa Kpo3 TOMOBCKY
ueB. PasBujeHa je n TepmobapumyHa ekcnnosvBHa OojeBa rmaea 3a rahame
dopTudmkaumjckmnx objekara.

Jlakm TeHk mma 6Gopbenn komnneT of 40 rpaHaTta 3a OCHOBHM TOM.
AyTomaTCcKM nyway Hocu 22 rpaHaTe, AOK ce octatak of 18 rpaHaTa Hanasu y
Tpyny TeHka. MyHuumoHn komnneTt obuyHo cagpxm 20 rpaHata HE-FRAG, 14
rpaHaTta APFSDS U wWeCT NPOTUBTEHKOBCKMX BONEHMX pakeTa. TeHKOBCKW TOnM
uma kageHuy rafawa o 7 rpaHata y MUHYTW, a MOTpoLleHe uvaype ce
ayToMaTtcku n3bauyjy msa Kynone.

Mopen koakcujanHor muTparbesa kanmbpa 7.62 mm, TeHk Sprut-SDML1 je
onpeMrbeH W JarbWHCKMU YNpaBrbaHOM OPY>XHOM CTaHUMLOM ca MUTparbe3oMm
7.62 MMm.

AmMpunbujckn TeHk Sprut-SDM1 onpemMrbeH je He3aBWCHOM OCMaTpaYkoMm
cnpaBoM KOMaHgupa ca TepMarnHom kamepom. OBaj cuctem omoryhaBa Opxe
3axBaTarbe 1 Hanag Ha umrbese. OHOr TpeHyTKa Kafa je KoMaHaUp TEHKa yO4uno
UMb, OH je npuxBaheH M Ton ce ayToMaTtckm okpehe ka MeTn. HuwaHuwmja
3aBpllaBa MpoOLUEC HULakeHa M onarbewa, OOK KoMaHaup Tpaxu cnegehy
meTy. OBaj cuctem HasmBa ce ,foBau-ybuua”, a nocefyje ra BehmHa mogepHux
OCHOBMX 60pOeHMx TeHKOBA.

lMocagy oBor nakor TeHKa YMHe TpU YnaHa: KOMaHgup, HULWaHLnja u Bo3au.
KomMaHavp 1 HUWaHLnja Hanase ce y Kyrnosnu.

TeHk Sprut-SDM1 onpemrbeH je HOBUM BULLETOPUBHUM OU3Een MOTOPOM
UTD-29 koju passuja 500 KC. Uctn moTop Hanasu ce Ha GopbeHom Bo3uny
newaauvje BMP-3 1 HoBujem BMD-4M. MoTop je caBpeMeHuju o MoTopa Koju je
6o yrpaheH y npeTxoaHu TeHk Sprut-SD. TeHK cagpxu BeNuKM eo Aenosa ca
Ba3gyLuHogecaHTHor bopbeHor Bo3nna BMD-4M.

AMPUbMjckM TEHK MMa XWOPOMHEYMATCKO BelUake ca perynvcarem
BucMHe. To je BasgylwHOAECAHTHO , OOHOCHO Ba3gyLUHOMPEHOCMBO BO3WIO
(TpacHnopTHM aBuoH [I-76 MoOxe HOCUTM OO OBa flaka TEHKa) Koje ce Moxe
cnywTaTn nagobpaHuma, a HaopyXaHo je OCHOBHMM TornoMm 125 mMm ca nyHuUm
bopbeHumM komnneTom rpaHarta. NpunukoMm BasgyLlHOr AecaHTa, Kaja ce TEHK
cnywTa nagobpaHmMma, nocaga ce Hanasu y Bo3uny. CUCTEM je NpojeKTOBaH 3a
NoApLIKY BasdyLlHO- AeCaHTHUM Tpynama Ha 6ojuwTy, Koje cy Ao caga umane
camMo camoxofgHe MwuHobauade Nona-S 120 MM ca Bpfo OrpaHVyYeHuM
NPOTUBTEHKOBCKUM [€jCTBOM.

MoaepHusoBaHa Bep3unja caMoxogHOr NPOTUBTEHKOBCKOr ToMa onpeMrbeHa
je MoAepHMM CUCTEMOM 3a ynpasrbake BaTpoM U TEPMarHUM ocMaTpaykuMm K
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HUWwaHckum ypehajem koju oBy nnatgopmy gosoge Ao 6opbeHmx cnocobHocTu
ocHoBHOr 6opbeHor TeHka. Y cTBapu, Sprut-SDM1 cnaga y kateropwujy nakux
amdpubumjcknx TeHkoBa. HujegHa cTpaHa 3emrba Hema fake TEeHKOBe ca
amunbunjcknum 1 BasgyLwHOAECAHTHMM CNOCOBHOCTUMA.

BasgywHogecaHTHe Tpyne he caga umatu moryhHocTt Gopbe npoTtue
HenpwujaTer-ckor oknona, a 4o caga cy umanu camo 6opbeHa Bo3una newaauje,
BMD-2, koja HUCYy Morfna HanacTu ocHOBHU GopbeHu TeHk. BasayliHo-aecaHTHe
Tpyne cy Yy MpoOTMBOKMNONHO] Gopbu umane Ha pacnonaraky camo [Ba
NPOTUBTEHKOBCKA CUCTEMA — pyvyHe pakeTHe Oauade U NPOTMBTEHKOBCKE
BofeHe pakeTe. Py4yHu pakeTHu Gauay uma edukacHm 6opbeHn gomet go 400
M, OOK 6opbeHn KOMMMET NPOTMBTEHKOBCKNX BOMEHMX pakeTa He npenasv Tpu
00 4YeTupu pakeTe. TEHKOBM Cy MHOMO MOKPETHUjM U NTaKo MOry u3maHeBpucaTtu
ctaunoHapHe bGatepmje. Ctora je 6Guno HeonxogHo  o6e36egutn
NMPOTUBTEHKOBCKM TOM Ca JOBOSbHMM 60p6EeHM KOMMIETOM.

Y
y ¥
£y

| o

Amepubujcka ceojcmea camoxodHoe npomusmeHKosckoe morna Sprut-SDM1

TeHk Sprut-SDM1 nnosu y3 nomoh gBe BogeHe mnasHuue. MakcumanHa
amdumbujcka 6p3vHa je o 7 kM Ha caT. Bo3anno moxe nnosButu No mMopy A0
TeXWHe Ao Tpeher HMBOa, a MOXe KOPUCTUTU M CBOj OCHOBHW Tom W rahatu
unrbeBe 3a Bpeme MnnoBrbema.

CamoxogHM MpOTMBTEHKOBCKM TOMn Sprut-SDM1 ycnewHo je 3aBpLuvo
nnosehn TecTt y pervoHy LlpHor mopa y geuembpy 2020. roguHe. TeHk je
TEeCTUpPaH N Ha BUCOKMM TPOMCKUM TemrnepaTtypama, oK Ce TECTOBU Ha HUCKUM
TemnepaTtypama o4ekyjy Tokom 2021. roguHe.

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

ORCID iD: "“http://orcid.org/0000-0003-1620-5601
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dpaHuycka je ogabpana HykneapHW NoroH 3a ceoj 6yayhu
Hocad aBuoHas

®paHuyckn npeacegHuk EmaHyen MakpoH noTtBpamo je ga he cnepeha
reHepaumja paHLyckor Hocada aBMoHa BUTK Ha HyKneapHW NOroH.

HoBwn Hocay aBuoHa, nop HasueoM Porte-Avions de Nouvelle Génération
(PANG), ogHOCHO HOCay aBMOHa HOBe reHepaumje 3ameHuhe dpaHLycku Hocau
Charles de Gaulle HakoH 2038. roauHe.

®paHuycka KoMnaHuja Framatome paau HykneapHe peaktope u npatehy
onpemy koja he 06e36eanTh Krby4YHe enemeHTe 3a HoBM peakTop K22,

Komnijymepcku eeHepucaHa criuka ¢hpaHuyckoea Hocadya aguoHa Hoge eeHepauuje

Ouvekyje ce oa he HOBM HOocay aBMOHa UMa HOCMBOCT of oko 75.000 ToHa,
ayxuHy go 300 m 1 wnpuHy go 80 M. HoBu Hocay aBroHa buhe 3HaTHO Behu of
Hocaya Charles de Gaulle unja je HocmBocT 43.182 ToHe, a gyxnHa 260 m. HoBu
Hocay aBnoHa umahe Mocagy HoBor Hocava YmHuhe 2.000 reyan, ykibydyjyhu un
nunoTcke nocage.

HoBa reHepaumja Hocaya aBuMOHa MMahe mecTta 3a oko 30 noBaua y3
oapeheH 6poj 6ecnnnoTHMX neTenuua, aBMoHe 3a PaHo YNo30peHe N KOHTPOIY,
kao u xenukontepe. Hocuhe n HoBy reHepauwmjy aswmoHa, Future Combat Air
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System (FCAS), kojy 3ajegHuyku passujajy PpaHuycka, Hemauka un Lnanuja.
MakcumanHa noneTtHa TexuHa 6yayher aBuoHa 6uhe oko 30 ToHa.

HoBa reHepauuja Hocaya aBuMOHa Ovhe onpemMrbeHa enekTpoOMarHeTHUM
katanyntuma. Ouekyje ce ga he ®paHuycka OnpemMuTn CBOj HOCay aBMOHa
amepwuykmm cuctemoM Electromagnetic Aircraft Launch System (EMALS) kojum
Cy OMpemMrbeHNM amMepuykm Hocaynm aBuoHa knace Gerald R Ford.
EnektpomarHeTHu katanyntu 6uhe gyxxuHe 90 M (Ha Hocady Charles de Gaulle
OHWM cy AyXuHe Ao 75 M), wto he omoryhutu naHcupare TeXux aBuMOoHa.
Ouekyje ce oa he HoBM HOCay MMaTK Hajmake ABa TakBa Katanynrta, a Moxaa u
Tpu. MNopen Tora, OuMhe onpemMrbeH U HOBOM reHepauujoM 3aycTaBrbajyhux
kabnoBa M TO HajBepoBaTHMje amepuykuM cuctemMom General Atomics
Advanced Arresting Gear.

HoBu Hocay aBuoHa wmahe MakcumanHy 6p3vHy o 27 4BOpoBa, a
noroHnhe ra gBa HykrneapHa peakTtopa Tuna K22 og no 220 MW koju he ce
NyHUTU HykneapHum ropvsBom cBakmx 10 rogmHa. TpeHyTHO HOcCay aBuoHa
Charles de Gaulle nokpehy gBa HykneapHa peaktopa Tuna K15, cHare og no
150 MW.

PasBojHa dha3a Hocaua aBuoHa Tpajahe oo 2025. roanHe, kaga he noyetn
Herosa uarpagha. buhe rpaheH y 6pogorpagnnuwty Chantier de I'Atlantique,
jeavHom koje y ®paHuyckoj uma ogroapajyhe kanauutete. [pBe npobe o4ekyjy
ce TokoM 2036, a yBohere y onepaTneHy ynotpeby Tokom 2038. roanHe.

Opnyka o rpagtum 1 gpyror Hocada aBmoHa o4vekyje ce 2025. roguHe.

Hpaeax M. Byukosuh (Dragan M. Vuckovi¢),
e-mail: draganvuckovic64@gmail.com,
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Nno3nB 1 YINYTCTBO AYTOPUMA
NPUMALLEHWE N MHCTPYKUNA 1A ABTOPOB PABOT
CALL FOR PAPERS AND INSTRUCTIONS FOR AUTHORS

NOo3nB U YNYTCTBO AYTOPUMA O HAYUHY NMPUNPEME YJ1AHKA

YnyTcTBO aytopuma O HauuHy npunpeme 4naHka 3a objaBrbuBame Y
BojHoTexHuukom rnacHuky ypaheHo je Ha ocHoBy [lpaBunHuka O karteropusaumjy u
paHrnpamy Hay4YHux 4Yaconuca MuHucTapcTBa NpocBeTe, HayKe M TEXHONOLLKOr pa3Boja
Peny6nuke Cpbuje ("Cnyx6eHu rmacHuk PC", 6poj 159/20). MNMpumeHa osor NpaBunHuka
MPBEHCTBEHO CMyXW yHanpeherwy kBanuteTa AoMahux 4aconuca u HUXOBOr MOTRYHMjer
YKIbyumBama y MeflyHapoaHu cnuctem pasmeHe HayyHuX nHdopmaumja.

BojHoTtexHunukmu rnacHuk / Vojnotehnicki glasnik / Military Technical Courier
(BTr.mo.ynp.cpb, www.vtg.mod.gov.rs, ISSN 0042-8469 — wrtamnaHo unsgawe, e-ISSN
2217-4753 - online, UDC 623+355/359, DOI: 10.5937/VojnotehnickiGlasnik;
https://doi.org/10.5937/VojnotehnickiGlasnik), jecte MynTMAUCUMMNUHAPHM  Hay4HU
yaconnuc MuHuctapctBa onbpaHe u Bojcke Cpbuje. Yaconuc o6jaBrbyje HaydHe W
CTPyYHe unaHke u3 obnactym OCHOBHMX UCTPaXuBara (MaTeMaTuke, padyHapCKux Hayka
M MEexXaHuKe) UK  TexXHONOLWKOr pasBoja (enekTpoHuKe,  TenekoMyHuKauuja,
NHMOPMALIMOHNX TEXHOMOrMja, MalLIMHCTBA, MaTepujana n XeMmnjckmx TexHonoruja), kao u
TEXHWYKe MHGOpPMaUWje O CaBpeMeHMM CMCTEMMMA Haopyarwa W CaBPEMEHVM BOjHUM
TexHonorvjama. Yaconuc npatu jeAMHCTBEHY MHTEPBUAOBCKY TEXHUYKY noAapLuky Bojcke
Ha MPUHUMMY NOMMCTUYKE CUCTEMCKe NOoApLUKe, 0obnacTM OCHOBHUX, MPUMEHEHUX |
pas3BOjHUX NCTPaXnBaH-a, Kao 1 MPON3BOAHY M yNOoTpeby cpeacTaBa Haopyxaha 1 BojHe
onpeme. Yaconuc o6jaBrbyje M ocTana Teopujcka W npakTuyHa p[ocTturHyha Kkoja
JOMNpUHOCE ycaBpluaBakwy CBMX MpWNagHvWKa cprcke, pervoHanHe u MehyHapogHe
akagemcke 3ajegHuue, a nocebHO NpunagHvKa BOjCKM U MUHMCTapcTaBa ogbpaHe.

YpehuBayuka nonutuka BOjHOTEXHUYKOr rMacHMKa 3acHWBa Ce Ha npenopykama
Opbopa 3a etmyHoct y uspaBawTtBy (COPE Core Practices), kao n Ha Hajborbum
npuxsaheHum npakcama y Hay4yHOM n3faBallTBy. BojHoTexHnykm rnacHuk je ynaH COPE
(Committee on Publication Ethics) oa 2. maja 2018. roauHe.

MwuHuCTapcTBO NpocBETE, Hayke U TexHOmnowkor pas3soja Penybnvke Cpbuje
yTBpauno je gaHa 18. 12. 2020. roanHe kaTteropusauujy BojHOTexHMYKOr rmacHuka, 3a
2020. roguHy:

3a 0bnact oCHOBHa UCTPaxuBaH-a:

— Ha NIUCTM Yaconuca 3a MaTemMaTuky, padyyHapcke Hayke U MeXaHUKy:
KaTeropwja HaumoHanHu yaconuc (M53),

3a 06rnacT TEXHOMOLLKM pa3Boj:

— Ha NIMCTU Yaconuca 3a eNeKTPOHUKY, TerleKoMyHuKaumje u nHopmaumoHe
TexHonoruje:

KaTeropwmja UCTakHyTH HaumoHanHu Yaconuc (M52),

— Ha NUCTK Yaconuca 3a MalUHCTBO:

KaTeropwvja UCTakHyTK HaumoHanHu Yaconuc (M52),

— Ha NIMCTK Yaconuca 3a MaTepujasne U XxeMujcke TexHosrorumje:
KaTeropwuja UCTakHyTW HaLmoHanHu Yaconuc (M52).

YcBojeHe nucte gomahux yaconuca 3a 2020. roguHy Mory ce BMAETU Ha cajTy
BojHoTexHu4kor rnacHuka, cTtpaHuua Kameeopu3sayuja 4aconuca (MwuHucTapcTBO
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npoceeTe, Hayke U TexHonowkor passoja Penybnuke Cpbuje jow yBek Huje objaBurio
3BaHWYHy KaTeropusauujy Hay4Hux Yaconmca 3a 2021. roguHy).

OeTtarHuje nHdopmaumje mory ce npoHahm u Ha cajty MuHucTtapcTea npocsete,
Hayke u TexHonoLkor pa3soja Peny6nuke Cpbuje.

Mopaun o kateropusaumjym mory ce npatuti u Ha cajty KOBCOH-a (KoH3opuujym
6ubnunoteka Cpbuje 3a objeanHeHy HabaBky).

Kateropusauuja yaconuca ussplueHa je npema lNpaBunHuKy O kateropmsaumjn u
paHrmpary Hay4yHux vaconvca MuHucTapcTBa NpocBeTe, Hayke M TEXHOSOLIKOr pas3Boja
Peny6nuke Cpbuje ("Cnyx6enu rnacHuk PC", 6poj 159/20).

Y cknagy ca OBMM MpaBUIIHMKOM W Tabenom o BPCTU U KBaHTUUKauujn
WHOMBMAYAINHUX Hay4HOUCTpaXmBadkux pesynrtaTta (y cactasy lNpaBunHuka), objaBrbeHu
pan y BojHoTexHuM4koM rnacHuKy BpegHyje ce ca 2 6opa (kaTeropuja M51), 1,5 6opg
(kaTeropuja M52) n 1 6op (kateropuja M53).

Yaconuc ce npatn y KoHTekcTy Cpnckor umTtatHor mHgekca — CUWMHpekc (6asa
nopgataka gomahux HayyHux 4aconuca) n Pyckor nHaekca Hay4dHor umTtuparsa (PUHLL).
MopBprHyT je cTanHOM BpegHOBakwy (MOHWTOPWHIY) Y 3aBMCHOCTM O YTWULAjHOCTK
(vmnakta) y camum 6asama u, nocpegHo, y mehyHapogHum (Clarivate Analytics)
uMTaTHUM  uHZekcuma. [letarbM 0 UWHOEKcuMpawy MOry ce BuaeTu Ha  cajTy
BojHoTexHW4YKor rnacHvka, ctpaHula MHoekcupare Jaconuca.

BojHoTexHnukn rmacHuk omoryhaBa u  npumewyje  Creative  Commons
(CC BY) ogpenbe o aytopckvum npaBuma. [eTarbu O ayTOPCKMM MNpaBuma MoOry ce
BMAETM Ha CajTy Yaconuca, cTpaHuua Aymopcka rnpaesa u rnoaumuka caMoapxuguparba.

PapoBn ce npepajy nytem OHMajH cucTeMa 3a €neKTPOHCKO ypehuBawe
ACUCTEHT, koju je passuo LleHTap 3a eBanyauujy y obpasoBamy 1 Hayum (LLEOH).

MpucTtyn 1 peructpaumja 3a cepBuC BpLUe ce Ha cajTy www.vtg.mod.gov.rs, npeko
ctpannue ACUCTEHT wvnn CUMHOEKC, OQBHOCHO  AMPEKTHO Ha  JIMHKY
aseestant.ceon.rs/index.php/vtg.

[etarbHo ynyTCTBO O perucTpaumju M npujaBu 3a CEPBUC Hanasun ce Ha cajTy
www.vtg.mod.gov.rs, ctpanuua Yrnymemeo 3a ACUCTEHT.

MoTpebHO je ma ce cBM ayTopu Koju MOOHOCE pyKonuC 3a ObjaBrbuBare Y
BojHoTexHuuykoM rnacHuky pervuctpyjy y peructap ORCID (Open Researcher and Contributor
ID), npema ynyTcTBY Ha CTpaHuum cajta Peaucmpauyuja 3a dobujarre ORCID
udeHmucgbukayuUoHe wugpe.

BojHOTEXHMYKM rMacHWK objaBrbyje YnaHke Ha eHrneckoMm jeauky (arial, BenuymHa crnoea
11 pt, npopeg Single).

MocTtynak npunpeme, nucakwa u ypehusara ynaHka Tpeba ga Oyae y carnmacHocTu ca
WUsjasom o0 emuykom nocmynarsy (http:/imww.vtg.mod.gov.rs/izjava-o-etickom-postupanju.html).

UnaHak Tpeba fa cagpxu caxeTak ca KibyYHUM peunma, YBOoA, paspajy, 3akribyyak U1
nutepatypy (6e3 Hymepaumje HacrnoBa u nogHacnosa). Obum unaHka Tpeba noa Oyne oko
jenHor aytopckor Tabaka (16 crpaHvua dopmata A4 ca npopefnom Single), a Hajsuwe 24
CTpaHuLe.

UnaHak Tpeba Oa Oyae HanvcaH Ha obpacly 3a nucake 4naHka, Koju ce 'y
€NeKTPOHCKOj (hopMM MOXe Npey3eTH ca cajTa Ha cTpaHuumn Obpasay, 3a nucarbe YiaHKa.

Hacnos

Hacnos Tpeba ga ogpaxasa TeMy 4naHka. Y MHTepecy je yaconuca un aytopa ga ce
KOPWUCTE peyn NpUKNagHe 3a UHOEKCUpame U NpeTpaxuBare. AKO TakBMX pevn Hema y
HacrnoBy, NOXerbHO je Aa ce NpuMaoAa U nogHacnos.
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Tekyhu HacnoB

Tekyhn HacrnoB ce wucnucyje ca CTpaHe CBake CTpaHuUEe 4YnaHka pagu nakwe
naeHTudmkaumje, nocebHO konmja YnaHaka y enekTpoHckom obnuky. Cagpxu npesmme 1
WHMUMjan uMeHa ayTopa (ako aytopa MMa BuLWe, NpeocTanu ce O3HayaBajy ca et al.”
unu 1 ap.“), HacnoBse paga v Yaconuca u konauujy (roamMHa, BONyMeH, cBecka, novyeTHa
1 3aBpLUHa cTpaHuua). Hacnoem yaconuca u unaHka Mory ce gaTu y ckpaheHom obnuKy.

Ume ayTopa

Hasogu ce nyHo nme n npesmme (cBux) aytopa. Beoma je noxeroHo ga ce Hasegy
M cpedhwa crosa ayTtopa. VimeHa u npesvmMeHa gomahux aytopa yBeK ce WUCNUCYjy y
OpUrMHanHoM obnuky (ca CpNcKUM AUjaKpUTUHKMM 3HAKOBMMA), HE3ABWCHO Of je3nka Ha
KOjeMm je HanucaH pag.

Has3uB ycTaHoBe ayTopa (acdhmnujaumja)

Hasoaun ce nyH (3BaHW4HM) Ha3VB M CeaMLUTe YCTaHOBE Yy KOjOj je ayTop 3arocrieH, a
€BEeHTyanHo W Has3vWB YCTaHOBe Y KOjoj je ayTop 00aBMO UCTpaxuBame. Y CrOXEHUM
opraHusaumjama HaBoau ce yKynHa xuvjepapxuja (Hnp. YHuBepawuTeT oabpaHe y Beorpaay,
BojHa akagemuvja, Kategpa npupogHo-matemaTuykux Hayka). bap jegHa opraHusauuja y
Xvjepapxvju mopa GuUTM MpaBHO nuue. AKO ayTopa UMa BWLLE, a HEKU NOTUYYy U3 ucTe
yCTaHoBe, Mopa ce, NocebHMM O3HakamMa WNuW Ha OPpYrM HauuH, HasHauiTh U3 Koje of
HaBeOEeHUX yCTaHOBa MOTUYE CBakM Of HaBedeHux ayTtopa. Adwmnujaumja ce wucnucyje
HenocpeaHo HaKoH MMeHa ayTopa. PyHKUMja 1 3BaHe ayTopa Ce He HaBoAe.

KoHTakT nogaumn
Anpeca vunu e-agpeca cBux aytopa aje ce nopea MMeHa 1 npe3nmeHa aytopa.

KaTteropmja (Tun) unaHka

KaTteropusauuja unaHaka obaBesa je ypegHuwTBa M of nocebHe je BaXHOCTW.
KaTeropujy unaHka mory npegnarat peLeH3eHTU M YNaHOBW YPeAHWLLTBA, OZHOCHO
ypegHvuun pybpuka, anum OAroBOPHOCT 3a kaTeropusauujy CHOCU WUCKIbYYMBO [NaBHU
ypenHuK.

UnaHun y BoOjHOMeXHUYKOM enacHUKy Knacudukyjy Ce Ha HayyHe U CTpyuyHe
ynaHke.

HayyHn unaHak je:

— opurMHanaH HayyHu pap (pag y KojeM ce WM3HOce MPeTXO4HO HeobjaBrbeHu
pes3ynTaTtu COMNCTBEHNX UCTPaXuBaka Hay4YHUM METOO0M);

— npernegHun paz (pag Koju cagpXv OpurMHanaH, getarbaH U KPpUTUYKU Npukas
UCTpaxuBaykor npobrnemMa wnu nogpydja y Kojem je ayTop ocTBapuo oppeheHu
[OMNpUHOC, BUASBUB Ha OCHOBY ayTouuTara);

— KpaTKO MNW NpeTXO4HO caoriiTerwe (OpUrMHanHW HayyHu pag nyHor dopmara,
anv Maker obuma nnm NpeIMMUHapHOT KapakTepa);

— HayyHa KpuTMKa, OOHOCHO nonemuka (pacnpaBa Ha ogpefleHy HayuHy Temy,
3acHOBaHa UCKIbYYMBO Ha Hay4HOj aprymeHTauumju) n ocBpTy.

M3yseTHO, y Hekum obractMa, HayYyHW paf Yy 4acomucy MOXe umatn obnuk
MoHorpadocke CTyauje, Kao U KPUTUYKOr M3fara HayyHe rpafe (MCTOpMjcKo-apXMBCKe,
nekcuikorpadocke, Gubnuorpadcke, npernega nogataka M Cn.), AOTad HemosHate uim
HeJOBOSBLHO NPUCTYMAaYHe 3a HayyYHa UCTpaXneatsa.

PapoBu knacmndgukoBaHu kao Hay4HU Mopajy nmMmatu 6ap ABe nosnmTmneHe peLl,eHSVIje.
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Ako ce y yaconucy o6jaBrbyjy U Npunosn BaHHay4YHOr KapakTepa, Hay4HW unaHum
Tpeba ga 6yay rpynvcaHy 1 jacHo U3L4BOjEHN Yy NPBOM JAeny CBECKE.

CTpy4yHU YnaHak je:

— CTpy4yHM pag (mpuror y Kojem ce HyAe WCKyCTBa KOpUCHa 3a yHanpehewe
npodecuoHarHe npakce, anm Koja HACY HY>KHO 3aCHOBaHa Ha Hay4YHOM MeToay);

— UHGOPMaTMBHM Npunor (yBOAHWK, KOMEHTap U cn.);
— npuka3s (Kkure, padyHapckor nporpama, crny4aja, HayqHor gorahaja, u cn.).

Je3uk paga
Jesuk paga Tpeba na 6yae eHrnecku.

TeKkcT mopa GUTU je3nyKkM 1 CTUIICKM AoTepaH, cuctematusosaH, 6e3 ckpaheHuua
(ocum ctaHgapaHnx). Cee dusmyke BennmumHe mopajy 6utun nspaxeHe y MehyHapogHom
cmuctemy MepHux jeamHuua — Sl. Pegocnen obpasaua (dopmyna) o3HavaBa ce pegHuM
OpojeBMMa, ca fecHe CTpaHe y OKpyrnvMMm 3arpagama.

CaxeTak

CaxeTak jecTe KkpaTak MHOpMaTMBaH MpuKas cagpXaja uynaHka Koju umtaoLy
omoryhaBa ga 6p30 1 Ta4yHO OLIEHU H-ErOBY peneBaHTHOCT. Y MHTepecy je ypeaHuTaBsa
N aytopa fa caxeTak CagpXu TepMUHE KOju Ce Y4ecTOo KopuCTe 3a MHOEKcupake U
npeTpary unaHaka. CacrtaBHM [eroBM CaXeTka Cy YBOA/UUIb UCTpaXxuBara, METOAM,
pesyntatn n 3akrbyyak. Caxetak Tpeba ga uma og 100 go 250 peun n Tpeba ga ce
Hanasu uamely 3arnaerba (HacrnoB, UMEHa ayTopa M Ap.) U KIbYYHUX PEeYM, HaKOH KOjuX
crneam TeKCT YnaHka.

KrbyuHe peun

KrbyuyHe peun cy TepmuHuM unu dpase Koje afekBaTHO MpeacTaBrbajy Cappkaj
ynaHka 3a notpebe nHaeKcpara 1 npeTpaxuBara. Tpeba ux gogersmeaTn ocnawajyhn
ce Ha Heku mehyHapogHu wm3Bop (MOMUC, PEeYHMK WNM Tesaypyc) Koju je Hajwmpe
npuxsaheH wnu yHyTap garte HayyHe obnactu. 3a Hhp. Hayky yonwTe, TO je nucTa
Kiby4Hux peun Web of Science. Bpoj krbyyHux peun He moxe 6utm Behu op 10, a y
WHTEpEeCy je YypeoHULITBA U ayTopa Aa yyecTtanocT wuxose ynotpebe 6yae wro Beha. Y
UnaHKy ce NULIY HeMOCPEeAHO HAKOH caXeTka.

Cnctem ACUCTEHT y Ty cBpxy kopuctu cneuujanHy anatky KWASS: aytomartcko
eKCTpaxoBake KrbyYHUX peyun U3 AUCUMUMIMHapHMX Tesaypyca/pevHuka no usbopy wu
pyTMHE 3a HMX0B ofabup, Tj. NpuMxBaTakwe OOHOCHO oabauMBame O CTpaHe ayTopa
n/vnn ypegHwvika.

OaTtym npuxBaTama 4YraHka

JaTym kafa je ypeaHULITBO NMPUMUIIO YnaHak, AaTyM Kaaa je YpeOHULITBO KOHauHO
NpUXBaTWUIO uYnaHak 3a objaBrbuBare, kao WM AaTymu kaja cy y MefyBpemeHy
[OCTaBIbeHe eBEHTyarlHe UCNpaBKe PyKonuca HaBoge Ce XPOHOMOLLKUM Pefocnenom, Ha
CTanHoOM MecTy, Mo npaBusly Ha Kpajy YnaHka.

3axBanHuua

Ha3sue n 6poj npojekTa, 0AHOCHO Ha3MB NporpamMa y OKBUPY KOjer je unaHak HacTao,
Kao M Ha3uB MHCTUTYLMje Koja je puHaHCMpana npojekaT unu nporpam, HaBogu ce Yy
nocebHOj HaNMOMeEHU Ha CTarHOM MeCTY, MO NpaBuIy Npu AHy NpBe CTPaHe YnaHka.
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MpeTxoaHe Bep3uje papga

AKo je ynaHak y nNpeTxXofHoj Bep3nju Gro U3NOXEH Ha CKyny y Budy YCMeEHOr
caonwTewa (Mog UCTUM UM CIIMYHUM HAcNOBOM), nogaTak o Tome Tpeba ga Oyae
HaBedeH y nocebHoj HanNoMeHu, No MpaBuIy Npu OHy NpBe cTpaHe 4YnaHka. Pag koju je
Beh objaBrbeH y HeKOM 4Yaconucy He Moxe ce 06jaBuTn y BOjHOTEXHMYKOM rmacHuKy
(npewTamnaTu), HA NOA CAWYHUM HacnoBOM U U3MeHEHOM OBMKY.

TabenapHu v rpachuykm npukasm

MoxerbHO je 4a HacnoBM CBUX MpuKasa, a No MOryRcTBy M TeKCTyanHu cagpaj,
6yny natv OBOje3VNYHO, Ha je3nKy paga U Ha eHrMecKoM je3uky.

Taberne ce nuLy Ha UCTU HaYMH Kao U TEKCT, a 03Ha4aBajy ce peaHum bpojeBuma
ca ropwe ctpaHe. ®otorpaduje n uptexu Tpeba aa dyay jacHu, npernegHy 1 NOroaHu 3a
penpoaykumjy. Liptexe tpeba pagutn y nporpamy word unu corel. ®otorpadumje u
upTexe Tpeba NOCTaBUTU Ha XKEIbEHO MECTO Y TEKCTY.

3a cnuke U rpaduKoHe He CMe ce KOPUCTUTUM CHMMaK ca eKkpaHa padyHapa
nporpama 3a npuKynrbake nogartaka. ¥ camoM TEKCTY YnaHka npenopydyje ce ynotpeba
cnvka u rpadukoHa HenocpeaHo M3 nporpama 3a aHanuay nogaTaka (kao wto cy Excel,
Matlab, Origin, SigmaPlot n gpyrn).

HaBohewe (uMTUpame) y TeKkcty

HauvH no3uBara Ha U3BOpe Y OKBUPY YnaHka mopa 6utu jeaHoobpasaH.

BojHOoTexHMYKM rmacHuK 3a pedepeHumparme (UMTUpame n HaBohewe nutepaType)
npumemnyje XapBapackvm cucteMm pedepeHumn, 0OgHOCHO XapBapAcCK/M NPUPYYHUK 3a CTUI
(Harvard Referencing System, Harvard Style Manual). ¥ camom TekcTy, y 0OWYHUM
3arpagama, Ha MecCTy Ha KOjeM ce BpLUM MOo3uBawe, OAHOCHO LUTMpamwe nutepaType
HabpojaHe Ha kpajy YnaHka, o6aBe3Ho y 06MYHOj 3arpagu Hanucatu Npe3nMe LMTUpaHor
ayTopa, roguHy nsgawa nybnukauuje U3 koje uMTupaTte WU, eBeHTyarnHo, 6poj cTpaHuua.
Hnp. (Petrovi¢, 2012, pp.10-12).

JdeTarbHO ynyTCTBO O HauyuHy UWTUpaHa, ca NpvMeprMa, 4aTo je Ha CTpaHuum
cajta Ynymcmeo 3a Xapeapdcku npupy4HUK 3a cmus. MNoTpebHo je aa ce nosvBawe Ha
nuTepaTypy y TeKCTy ypaau y cknagy ca noMeHyTUM YyrnyTCTBOM.

Cnctem ACUCTEHT y cBpxy KOHTpone HaBofewa (UMTvpara) y TEKCTY KOpUCTH
cneumjanHy anatky CiteMatcher: oTkpvBame M30CTaBIbEHMX UMTaTa y TEKCTy paga u 'y
nonwucy pecdepeHum.

HanomeHe (cpycHoTe)

HanomeHe ce Aajy npy OHYy CTpaHe Ha KOjOj ce Hanasu TeKCT Ha Koju ce ogHoce.
Mory cagpxaTn mMare BaxHe AeTarbe, AOonyHcka objallera, HasHake O KopuwheHum
n3Bopuma (Ha nNpumMep, Hay4yHoj rpafu, NpupyvyHuUUMa), ann He mory OuMTu 3ameHa 3a
UUTMPaHy nNuTeparypy.

INucTa pedbepeHumn (nuTepaTypa)

Lintnpana nutepatypa obyxsaTa, No npasuny, 6ubnuorpadcke m3Bope (4raHke,
MoHorpadwmje 1 cn.) u gaje ce UCKIbY4MBO y 3acebHOM oferbKy unaHka, y Buay nmicre
pedepeHumn. PedepeHLe ce He npeBode Ha je3uk paga u Habpajajy ce y nocebHom
oferbKy Ha Kpajy YnaHka.

BojHOTEXHMYKM rMacHUK, Kao HayvMH Mcnuca nutepaType, npuMersyje Xapeapacku
cucteM pedepeHLM, OOHOCHO XapBapacku npupydHuk 3a ctun (Harvard Referencing
System, Harvard Style Manual).
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Jlnutepatypa ce o6aBe3HO nuile Ha NaTUHWYHOM NCMY U Habpaja no abeueaHoMm
penocneny, HaBogehu Hajnpe npeavMeHa aytopa, 6e3 Hymepauwje.

JdeTarbHO ynyTCTBO O HauuHy nonuca pedepeHuun, ca npumepuma, AaTto je Ha
CTpaHuumM cajta Ynymcmeo 3a XapeapOcku npupy4Huk 3a cmus. [oTpebHo je ga ce
nonuc nuTepaTtype Ha Kpajy YnaHka ypaau y ckragy ca NoMeHyTUM ynyTCTBOM.

HecTtangapgHo, HEMOTNYHO unNu HegocneaHo HaBohewe nuTepaTtype y cucteMmma
BpeJHOBaka 4Yaconuca cmaTtpa Cce [AOBOSbHMM pasforoM 3a OcriopaBake HayyYHor
cTaTyca 4aconuca.

Cnctem ACUCTEHT y cBpxy KOHTpOMe NpaBWiHOP mMcruca nucte pedepeHun
KopucTu cneuujanHy anaTtky RefFormatter: koHTpona obnukoBawa pedepeHun y cknagy
ca XapBapACKUM NPUPYYHUKOM 3a CTUI.

UsjaBa o ayTtopcTBY

Mopen unaHka goctaBrba ce M3jaga 0 aymopcmegy y KOjoj ayTopu HaBOAEe CBOj
nojeanHavYHM JOMNPUHOC Yy M3pagun vnaHka. Takohe, y Toj usjasn noTephyjy Aa cy ynaHak
ypagunu y cknagy ca [llosusom u ynymcmeoMm aymopuma W M3jagoM O emuy4ykom
rocmynarsy Yacoruca.

CBU pagoBM NoAnexy CTPYYHOj peLeH3uju.

Cnncak peueHseHata BOjHOTEXHWYKOr rmacHWka Moxe ce BWAETW Ha CTpaHuum
cajta Cnucak peueHdeHama. [lpouec peueHsvpawa objalikbeH je Ha CcTpaHuum
cajta PeyeH3eHmMCcKU nocmynak.

YpeaHuwTBo
Anpeca pegakuuje:
BOjHOTEXHMYKM rNacHNK
Berbka Jlykuha Kypjaka 33
11042 Bbeorpag
e-mail: vojnotehnicki.glasnik@mod.gov.rs.
Ten: BojHM 40-260 (011/3603-260), 066/8700-123
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NPUMMALLEHUE N UHCTPYKLUUA ONA ABTOPOB O NOPALOKE
NoAroToBKN CTATbU

MHCTpykuusa Ons aBTOpOB O MOpsiAKe MNOArOTOBKM CTaTbM K OMNybnmnkoBaHuio B
XypHane «BoeHHO-TeXHUYeckuin BecTHMK» paspaboTaHa corrnacHo PernameHTy o
Kateropmsaumm W paHXMpoBaHWU Hay4HbIX XypHanoB MwuHucTepcTBa o6pasoBaHus,
Hayku 1 TexHomnorunyeckoro passutusa Pecnybnukn Cepbus («Cnyx6eHn rmacHuk PC», Ne
159/20). TMpumeHeHne 3aToro PernameHta cnocobCTByeT MOBLIWEHNIO KavecTBa
OTEYECTBEHHbIX XXypHarnoB M KX OGonee MOMHOMY BOBMEYEHUIO B MEXOYHApPOOHYHO
cucTeMy oOMeHa Hay4yHoM nHdopmMaumen.

BoeHHo-TexHu4yeckun BecTHUK (Vojnotehni€ki glasnik / Military Technical
Courier), BTr.Mo.ynp.cp6, www.vtg.mod.gov.rs/index-ru.html, ISSN 0042-8469 -
neyatHoe wu3gaHue, e-ISSN 2217-4753 - online, UDK 623+355/359, DOI:
10.5937/VojnotehnickiGlasnik; https://doi.org/10.5937/VojnotehnickiGlasnik, sBnsetcs
MYyNbTUANCUMNIMHAPHBIM HayYHbIM XypHanoMm MuHucTepcTBa 060poHbl 1 BoopyKeHHbIX
cun Pecnybnukn Cepbus.. B xypHane nybnukytoTCs HayyHble U NpodeCcCUOoHarnbHble
cTaTbM, uccrnegywuwme Takve obnactm kak: MaTemaTvka, KOMMbITEPHblE Hayku U
MexaHuka, a Tawkke 0bracTu  TEexXHONOrM4YecKoro  pasBUTUSA:  SNEKTPOHUKA,
TENEeKOMMYHUKaLUKN, MHPOPMALMOHHbIE TEXHOMOMMMK, MALUMHOCTPOEHME, Matepuansl u
XMIMUYECKMEe TEXHONOMMU, B XypHane Takke MyOrnuKyeTcs: TexHnyeckas MHpopmauus o
COBPEMEHHbBIX CUCTEMAaX BOOPYKEHUSA U COBPEMEHHbIX BOEHHbIX TexHonorusix. >KypHan
cneguT 3a €OUHOM MEXBWOOBOW TEXHUYECKON MOOOEPXKKON BOOPYXKEHHbIX CWn,
OCHOBaHHOW Ha NPUHLIMNAX CUCTEMHOMN NOTUCTUKK, 38 NPUKNAAHBIMUA U UHHOBALMOHHbLIMU
Hay4HbIMW MCCMNeAoBaHWAMM, B TOM uucrne, B obnactv Npou3BOACTBA BOOPYXEHUSA U
BOEHHOW TexHuKku. B xypHane nybnukyloTca U npodvMe TeopeTuyeckue U npakTuyeckme
OOCTWXKEHUS!, KOTOpble CMOCOOCTBYHOT MOBBILIEHUIO KBanudukaumm npeacrtaButenen
cepbCKoro, perMoHanbHOro M MeXayHapoaHOro akageMmn4eckoro coobectsa, 0COOEHHO
BoeHHocnyxawmnx Munmuctepctea O60poHbI 1 BOOpYyXEHHbIX cun.

PepakumoHHas nonutmka xypHana «BoOeHHO-TEXHMYECKMIN BECTHMK» OCHOBaHa Ha
pekomeHaaumsix Komuteta no atuke HaydHbix nybnuvkaumi (COPE Core Practices), a
Takke Ha nydvwen nMpakTMKke B HAyYHO-U3JaTENbCKOM AeATenbHOCTU. «BoeHHo-
TeXHMYEeCcKUin BeCTHUK» saBnsaeTcsa uneHom COPE co 2 masa 2018 ropa.

MuHucTEpCTBOM 06pa3oBaHWs, Hayku M TEXHONormyeckoro passutusi Pecnybnvku
Cepbus ytBepxaeHa 18 pekabps 2020 r. kaTeropusauusi xypHana «BoeHHO-TeEXHUYECKMI
BeCTHMK» 3a 2020 roa:

KaTeropun B o6nact OCHOBHbIX MCCIEAOBaHWIA:

— ObnacTb MaTemMaTuKa, KOMNbIOTEPHbIE HAYKU, TEXHUYECKME HayKu:

HaumoHanbHbIN XypHan (M53).

Kateropun B 06rnacTv TeXHONMOrM4Yeckoro pa3snTms:

— O6nacTb 3NeKTPOHUKU, TENIEKOMMYHUKaLMIN U MH(POPMALMOHHbLIX TEXHONOTUNA:

BbICOKOKa4Y€CTBEHHbIV HaLMoHanbHbIn xypHan (M52).

— ObnacTtb MexaHUKK:

BbICOKOKa4Y€CTBEHHbIV HauMoHanbHbIn xypHan (M52).

— ObnacTb MaTepuanoB U XMMUYECKON TEXHONOrnu:

BbICOKOKa4Y€CTBEHHbIV HaLMoHanbHbIn xypHan (M52).

C vHbopMaLmelt OTHOCUTENBHO KaTeropuaauun 3a 2020 roa MOXHO 03HaKOMUTLCSA
Ha cTpaHuue cainTta «BoeHHO-TeXHUYEecKoro BeCTHUKa» Kamezopusayus BecmHuka
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(MVHMCTEPCTBOM TMPOCBELLEHNS, HAyKM W TEXHONOrMYeckoro passutus Pecnybnuku

Cepbusi noka He npousBedeHO OMUMANbHOTO PaHXMPOBAHUSI HayYHbIX XXYpHanoB 3a
2021 ropn).

Bornee noapoGHyt0 WHOpMaLMio MOXHO HaWTu Ha cante MwuHucTepcTBa
06pasoBaHus, Hayku 1 TexHonornyeckoro passutuns Pecny6nukm Cepbus.

C uHdopMaumen o kateropusaumym MOXHO O3HaKOMWUTbCS M Ha cante KOBCOH
(KoHcopuunym 6ubnmotek Pecnybnukmn Cepbusi no Bonpocam o6beanHEHUs 3aKyrok).

Kateropusauusi BecTHuka npoBegeHa corracHo PermameHTy O karteropusauym um
PaHXUPOBaHWUN HaY4YHbIX XXypHanoB MuHucTepcTBa 0b6pa3oBaHusi, HayKn 1 TEXHOMNOTMYECKOrO
pa3suTnsa Pecnybnukn Cepbus («Crnyx6eHn rmacHuk PCy», Ne 159/20)

B cootBeTcTBUM C Bblweyka3aHHbIM [lonoxeHneM u Tabnuuen c nokasatensmu
Knaccudpykaumm M KateropmsauumM  MHAMBUAyarbHbIX  HayYHO-MCCegoBaTerbCKuxX
pe3ynbTaToB, SBMSIOLWENCS HEOTbeMNIEMON 4YacTbio [lonoxeHws, HayyHasi craTbs,
onybnunkosaHHas B «BOEHHO-TEXHNYECKOM BECTHUKE>, OLIEHVBAETCS CreAyLLMM Cnocobom:
2 6anna (kateropusi M51), 1,5 6anna (kateropusi M52) n 1,5 6ann (kateropusi M53).

XKypHan cootBeTcTByeT ctaHgaptam Cepbeckoro MHOAEKCa Hay4yHOro LMTUpPOBaHWSA
(CUNHpekc/SCIindeks) — HaykomeTpudeckon 6asbl  AaHHbIX Hay4HbIX >KypHanoB
Pecny6nukn Cepbus, a takke Poccuickoro nHgekca HayvHoro umtupoBanus (PUHLL).
>KypHan nocTosiHHO nogBepraeTcsi MOHWTOPUHIY W OLEHMBAETCH KONMYECTBEHHBLIMU
HayKOMETPMYECKUMW MOKa3aTensiM1, OTpaXKalolMMU €ro HayuyHyl LEHHOCTb, B T.u.
onocpefoBaHHO B MeXAyHapoaHbIX nHaekcax uutuposaHus (Clarivate Analytics).

C vHdpopmaumeri 06 MHOEKCUPOBaHNM MOXHO O3HAaKOMWUTBCA Ha CTpaHuue caunTa
XypHana MHoekcuposaHue BecmHuka.

«BoeHHO-TeXHMYECKNA  BeCTHUK»  obecneynBaeT uuTaTensM  BO3MOXHOCTb
OTKpPbLITOrO ~ [OoCTyna, B  COOTBETCTBMM C  TMOMOXEHUSMM 00  aBTOPCKMX
npaeax, yTBepxaérnHoiMm  Creative Commons (CC BY). C wuHcTpykumen 06
aBTOPCKMX MpaBax MOXHO O3HAKOMWUTbLCSl HA CTpaHule Asmopckue rpasa u nonumuka
camoapxusuposgaHusi, nepenas no cebinke http://www.vtg.mod.gov.rs/index-ru.html.

Pykonucu ctaten HanpaBnsiloTCs B pedakumio XypHarna ¢ ucnonb3oBaHvem online
cuctembl ASSISTANT, 3sanyweHHow LileHTpom nopaepxu pas3suTns obpasoBaHus U
Hayku (LUMPOH).

Peructpauus B cucteme n ocopmMmneHne npaB [OCTyna BbINOMHAETCA MO agpecy
http://www.vtg.mod.gov.rs/index-ru.html, yepes ctpaHuuy ASSISTANT wnu CUMHOEKC
(aseestant.ceon.rs/index.php/vtg).

C WHCTpyKUMEWn No perucTpauum u npaBam AOCTyNa MOXHO O3HAKOMWUTBLCS MO
agpecy http://www.vtg.mod.gov.rs/index-ru.html, Ha cTpaHuue UHcmpykyus no
ASSISTANT.

Bce aBTopbl, npepocTaBnslowmMe CBOM pykonucu Ans nybnukauum B pepakumio
XypHana «BOEHHO-TEXHMYECKM BECTHUK»  OOMKHbI  MPONTU  MpenBapuTENbHYHO
pervctpauuto B peectpe ORCID (Open Researcher and Contributor ID). 3ta npoueaypa
OCYLLIECTBNSAETCA B COOTBETCTBMM C WHCTPYKUMEW, pa3MeLLEeHHOW Ha CTpaHuue canta
Pezaucmpauyus e peecmpe ORCID 05151 npucgoeHust udeHmuguKayUuOHHOZ0 Kooa.

«BOEHHO-TeXHNYECKU BECTHUK» MyOMMKyeT cTaTbM Ha aHrmuMnckoM sasbike (Arial,
wpndT 11 pt, npoben Single).

lMpouecc noAroToBKM, HanNWCaHUs W PEefaKTUPOBAHUS  CTaTby  [OOIDKEH
OCYLUEeCTBNSATBCA B COOTBETCTBMM  C  MNpuHUMNamMu  Omuyeckoz2o  Kodekca
(http://lwww.vtg.mod.gov.rs/etichyeskiy-kodyeks.html).
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CTtaTtbs QOSMKHA cogepkaTb pe3toMe C KITH4EBbIMM CITIoBaMu, BBEAEHME, OCHOBHYHO
YacTb, BbIBOAbl M CMUCOK MCMONMb30BaHHOW nutepatypbl (6e3 Hymepauumn 3arofioBKOB U
nop3aronoBkoB). O6bEM cTaTbu He [OMKEH NpeBblllaTb OAWH aBTOPCKMA nuct (16
cTpanuy hopmaTta A4 ¢ npobenom Single).

Ctatbs AomkHa ObiTb HabpaHa Ha KOMMbOTEPE C UCMOMb30OBAHWEM CreLuanbHO
MOArOTOBMEHHOIO  pedakuuen MakeTa, KOTOpbIA  MOXHO ckadyaTb Ha  CTpaHuue
canTa lNpasuna u obpa3sey, cocmasnieHusi cmamau.

3aronoBok

3aronoBok [oOMKkeH oTpaxaTb TeMmy cTaTeW. B uHTepecax xypHana u aBTopa
HeobXxoAMMO WCNOMb30BaTb CroBa M CroBocoYveTaHusl, yaobHble Ans vHOekcauuu u
noucka. Ecnu Takne crnoBa He cogepxXaTcsi B 3arofioBke, TO XenaTenbHO Ux 406aBuTb B
noa3aronoBoK.

TekyLwun 3aronoBoK

TekywuiA 3arofloBOK NULIETCS B TUTYNE KaXZOW CTpaHuubl cTaTbW C LENbH
yNpoLLeHMs1 Npouecca uaeHTUuKkaummn, B NepByto ovepenb KOMuin CcTaTben B 3NEKTPOHHOM
BMAe. 3aronoBoK coaepxuT B cebe hamnnuio u nHuuman uMeHu aBTopa (B cnydae ecnuv
aBTOPOB HECKOMbKO, OCTarnbHble 0603HavaroTCs ¢ «et al.» unu «v ap.»), HassaHne paboThbl
N XypHamna (rog, TOM, BbIMYCK, HayanbHas W 3aknuuTenbHas crpaHuua). 3aronoBok
CTaTbU 1 Ha3BaHWe XypHara MoryT ObITb NpMBEAEHbI B COKpaLLEHHOM Buae.

®PUO aBTOpa

MpuBoasaTca nonHas damunms 1 NnonHoe ums (Bcex) aBTopoB. XKenatensHo, YTobbl
ObINM ykasaHbl MHUUMAanNbl oT4ecTB aBTopoB. ®amunusi u UMst aBTopoB M3 Pecnybnuvku
Cepbus Bcerga nuwyTca B OpurMHanbHOM Buge (C cepbeckumu  anakpuTuyeckumu
3Hakamu), He3aBNCMMO OT A3bIKa, HA KOTOPOM HanucaHa paboTa.

HaumeHoBaHue yupexpeHus asTopa (acpcomnmanmsn)

MpuBogntca nomHoe (odmumanbHOE) HaMMEHOBaHWE W MECTOHaXOXAeHue
yypexzaeHusl, B KOTOpoM paboTaeT aBTop, a Takke HaMEeHOBaHME YYpexaeHusl, B KOTOPOM
aBToOp MPOBEN nccneaoBaHue. B cnyyae opraHu3aumii co CroXHOM CTPYKTYPOR NpMBOANTCS
WX Mepapxumyeckasl CoModyYMHEHHOCTb (Hanp. BoeHHas akagemus, kadenpa BOEHHbIX
3MNEeKTPOHHbIX cuctem, r. benrpag). Mo kpanHen mepe, ogHa M3 opraHM3auuii B nepapxum
OOImKHa MMeTb cTaTyc topuanyeckoro nuua. B cnyyae ecnu ykasaHo HECKONbKO aBTOPOB, U
€CNN  HEeKoTOpble M3 HUX paboTalT B OAHOM  YYPEXAEHWW, HYXHO OTAENbHbIMU
0603Ha4YeHNAMM UnNM KakMM-nmbo Apyrum cnocobom yka3aTb B KakOM W3 MPUBEAEHHbIX
yypexaeHun paboTtaeT Kaxabl 13 aBTopoB. Addunuauma nueTcs HenocpeacTBEHHO
nocne ®0 aBTopa. [JOrmKHOCTb 1 CNeLUanbHOCTL MO AWMNMOMY HE YKa3blBatOTCS.

KoHTakTHble gaHHble

OneKTpoHHbIN agpec aBTopa YKa3biBAOTCS PSOAOM C €ro MMEHeM Ha nepBou
CTPaHuUUbl CTaTbu.

KaTteropus (tun) ctatbmn

Kateropusauma ctatbeil siBnsieTcs 06s3aHHOCTBIO pefjakuumM u umeeT ocoboe
3HayeHue. KaTeroputo ctatby MOryT mpegnaratb PeueH3eHTbl Y YneHbl pedakuuu, T.e.
penakTopbl pyopuK, HO OTBETCTBEHHOCTb 3a KaTEropvsaumlo HeceT WCKMYUTENbHO
rmaeHbI peaakTop. CTaTby B KypHane pacrnpenensitoTcs no criefyoWwmnm KaTeropusiM:
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Hay4Hble cTaTbu:

— opurMHanbHasi HayyHasi cTaTbs (paboTa, B KOTOpPOW MNPUBOAATCS paHee
HeonyGnMKoBaHHbIE pe3ynbTaTbl COOGCTBEHHBIX WCCNEAOBaHUM, MOMYYEHHbIX HayYHbIM
METOZOM);

— ob30pHasi ctatbs (paboTa, cogepXawas OpUrMHamnbHbIA, AeTanbHbIA W”
KpuTnyeckun ob3op uccrnegyemon npobremsl unu obnactn, B KOTOPbLIN aBTOp BHEC
onpeaenéxHblv BKNaa, BUANMbIA HA OCHOBE aBToUMTAT);

— KpaTkoe cooblleHne (opurMHanbHas HaydHasi paGoTa MmonHoro dopmarta, Ho
MeHbLLIero o6bEma 1Unu umeroLLas npeasapuTenbHbIi XapakTep);

— Hay4yHas Kputudeckas cTaTbsl (OUCKyCCusi-nonemuka Ha OnpeaenéHHylo HayyHyro
TeMy, OCHOBaHHas UCKMIOYNTENBHO Ha Hay4YHOWM apryMeHTauum) 1 Hay4YHbli KOMMEHTapun.

OpHako, B HEKOTOPbIX 06nacTAx 3HaHW Hay4yHast paboTa B XypHarne MOXeT UMeTb
opMy MOHOrpadmn4eckoro uccrneoBaHus, a Takke KpUTUYECKoro 00CyXaeHNs Hay4Horo
maTtepuana (MICTOPUKO-apXMBHOIO, Nekcukorpadmyeckoro, 6Gubnuorpaduydeckoro, o63opa
OaHHbIX U T.N.) — 4O CMX MOP HEN3BECTHOro MM HeJOCTAaTOYHO AOCTYMHOrO ANsi HayYHbIX
nccnegoBaHui. PaboTbl, knaccnduumMpoBaHHbie B Ka4ecTBe Hay4HbIX, OOMKHbI UMETb,
Mo MeHbLUEeN Mepe, ABe MONOXUTENbHbIE PELIEH3UN.

B cnyyae ecnu B XypHane o0bABMAIOTCA U NPUINOXKEHUS, HE UMEIOLLIME HayYHbIN
XapakTep, Hay4YHble CTaTbu AOMMKHbI ObiTb CrpyNNMpPOBaHbl M YETKO BblAENEHbI B NEPBON
YacTu Homepa.

MpodeccuoHanbHbie cTaTby:

— npodpeccrmoHanbHasa paboTta (MPUNOXeHWs, B KOTOPbIX MPeAnaratTca OnbiTbl,
nonesHble Ans COBEPLUEHCTBOBAHWUS MNPOMECCUOHANBHOW MNPaKTUKM, HO KOTOpble He
OOIMKHbI B 06s13aTenbHOM nopsigke 6biTb 060CHOBaHLI HA HAYYHOM MeToAe);

— UH(OPMaTMBHOE NpUNoXxeHue (NepefoBas CTaTbsl, KOMMEHTaPUIA 1 T.1.);
— 0630p (KHMIM, KOMNBIOTEPHOM NPOrpamMMbl, Criyyasi, Hay4HOro cobbiTns 1 T.0.).

A3bik paboThbl

Cratbs OOJMKHa ObITb HaNMcaHa Ha aHrMUACKOM SA3bIKe.

TekcT fomkeH ObITb B NIMHIBUCTUYECKOM U CTUITUCTUYECKOM CMbICHE YNOPSA0YEH,
cucTemaTtnsupoBaH, 6e3 cokpalleHuii (3a UCKIoYeHeM CTaHAAPTHLIX). Bee dunsnyueckne
BE/MYMHBI JOJMKHBI COOTBETCTBOBATh MexayHapogHON cucTtemMe eAuHUL M3MepeHus —
CW. OuepepHocTb chopmyn obo3HavaeTcsi NOpsAKOBbIMU HOMEpPamu, NPOCTaBNAeMbIMU C
NpPaBoOW CTOPOHbI B KPYMbIX CKOBKaXx.

Pe3trome

Pestome sBRsieTcs KpaTkUM MHMOPMATUBHLIM 0630pOM COAEpXaHUs CTaTbM,
obecneyvBaoWMM 4MTaTeENMO ObICTPOTY M TOYHOCTH OUEHKM €€ peneBaHTHocTU. B
MHTEpecax pedakuMM W aBTOpOB, YTOObI peslomMe coaepXano TepMWHbl, 4acTo
ncnonb3yemble Anst MHOEKCUPOBAHUS 1 noucka ctaTtbel. CoCTaBHbIMM YacTsiMU pe3toMe
SABNAIOTCS BBeAeHWe/Uenb UccnefoBaHunsi, MeToabl, pesynbTaThl U BbiBoAbl. B pestome
OOMKHO ObiTb OoT 100 go 250 cnoB, M OHO [OOIMKHO HaxXOAUTCA Mexay TUTynamu
(3aronosok, PO aBTOpPOB 1 Op.) M KNHOYEBLIMK CrIOBaMU, 3a KOTOPbIMU CreayeT TeKCT
cTaTtbu.
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Knio4yeBble cnoBa

KnioyeBbiMM  crioBamn  SBRASIOTCA  TEPMWHbI MKW pasbl,  agekBaTHO
npeacTaBnsoWme cogepxaHme ctatbu, Heobxogumble ANA MHAEKCMPOBAHUA WU MOMUCKa.
KniouyeBble cnoBa HeobGXxoguMMo BbiIOWpaTb, onMpascb MpuM 3TOM Ha Kakom-nmnbo
MeXOyHapoaHbIi MCTOYHUK (perncTp, crnosapb, Te3aypyc), Hamboree MCrnonb3yembin
BHYTPY LA@HHOW Hay4HOW obrnacTtu. Yucno knioyeBbIX CNoB He MOXeT npesbiwarts 10. B
MHTepecax pefdakuuy 1 aBTOpOB, YTOObI YacToTa MX BCTPeYn B cTaTbe Obina kak MOXHO
6onbLien. B ctaTbe OHM NULLYTCA HENOCPEACTBEHHO MOCIe pe3toMe.

Mporpamma ASSISTANT npepoctaBnsieT BO3MOXHOCTb WCMOMb30BaHUS cepBuca
KWASS, aBTomaTtnyeckm UKCUPYIOLLLEro KItoYeBble CroBa U3 MCTOYHMKOB/CNoBapew no
BbIOOpY aBTOpa/penakTopa.

[aTa nony4eHus ctaTbu

[ata, Korga pefdakuus nomnyyuna cTaTtblo; AaTta, Korga pefakuusi OKoHYaTenbHO
npuHAna cTatblo K nybnukauuu; a Takke parta, korda ObinuM  npeaocTaBneHbl
HeoGXoaVMble UCNpaBIieHUsl PYKOMUCK, NPUBOASATCA B XPOHOMOMMYECKOM Mopsiake, Kak
npaBumno, B KOHLIe CTaTby.

BbipaxeHue 6narogapHocTu

HavmeHoBaHVWe ¥ HOMep npoekTa, T.e. Ha3BaHWe nporpammbl Gnarogapsi KOTOpoM
CTaTbsl BO3HMKIIA, COBMECTHO C HaVMMEHOBaHMEM YupexdeHusi, KoTopoe (MHaHCUPOBaro
NPOEKT UMK NporpaMMy, NPUBOASATCS B OTAENBHOM NMPUMEYaH1n, kak NpaBurio, BHU3Y NepBoi
CTPaHWUbI CTaTby.

MNpeabiaywue Bepcumn paboThbl

B cnyyae ecnun crtatbs B npegblgylien Bepcun Obina usnoxeHa YCTHO (Mo
OOMHaKOBbIM UMW MOXOXUM Ha3BaHWeM, Hanpumep, B Buae [OKNaga Ha HayvyHow
KOHbepeHLumn), cBefeHnst 06 9TOM JOIMKHbI ObITb yKasaHbl B OTAEMBHOM MpUMEeYaHuu, Kak
npaBuo, BHM3Y MepBON CTpaHuubl cTaTbn. Paborta, koTopas yxe Obina onybrnvkoBaHa B
KakoM-nmbo U3 >KypHanoB, He MOXeT BbITb HanevaTaHa B «BOEHHO-TEXHNYECKOM BECTHUKE»
HN NOA NOXOXUM Ha3BaHWeM, HU B UIBMEHEHHOM BUae.

Hymepauusa u Ha3BaHue Tabnuu n rpadmkos

>KenatenbHo, 4TOObI HyMepaums 1 Ha3BaHue Tabnuu 1 rpadnKoB ObINM UCMONHEHBI Ha
OBYyX fA3blkax (Ha S3bIke opurvHana u Ha aHrnunckom). Tabnuubl NOANMCHIBAOTCS TaKUM Xe
cnocoboMm Kak U TeKCT M 0003HavalTCs MOPSOKOBBIM HOMEPOM C BEPXHEN CTOPOHBI.
doTorpacdmm M PUCYHKU [OMKHBbI OblTb MOHATHBI, HArMsSAHLI U YAOOHBI AN penpoayKumu.
PucyHkn Heobxoammo aenatb B nporpammax Word unu Corel. doTtorpacum n pucyHku Hago
MOCTaBUTb Ha Xenaemoe MecTo B Tekcte. [ns co3gaHus u3obpaxeHun u rpadmvkos
ncnonb3oBaHne PyHKUMM CHMMKa C 3KpaHa (CKpUHLLIOTA) He gornyckaetcs. B camom TekcTe
CTaTbV PEKOMEHAYeTCH MPUMEHEHUE W300pakeHWn 1 rpadmkoB, 06paboTaHHbIX TakMMu
KOMMbIOTEPHBIMM Nporpammamu, kak: Excel, Matlab, Origin, SigmaPlot n gp.

Ccbinku (UMTUPOBaHME) B TEKCTE

OdbopmneHre CCbInNok Ha UCTOYHMKM B pamKax ctaTby AOMKHO BbiTb 0gHO06pasHbIM.
«BoOEHHO-TeXHMYEeCKUA  BECTHWMK» Anst  OQOPMIEHWUs  CCbIMOK, uuTaT U Cnucka
UCMonb30BaHHON nuTepaTypbl nNpumeHsieT apsapackyto cuctemy (Harvard Referencing
System, Harvard Style Manual). B Tekcte B ckoGkax npvBoautcs hamunms LMTUpyeMoro
aBTopa (UM aMunus NepBOro aBTopa, Cnn aBTOPOB HECKOMbKO), rog M3gaHus 1 no
HeobxoanmMocTn Homep cTpaHuubl. Hanpumep: (Petrovi¢, 2010, pp.10-20). PekomeHaaumm
0 cnocobe UMTUPOBaHWS pa3MeLLeHbl Ha CTpaHuLe canta MHCmpyKuusi Mo UCMOb308aHUIO
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lapeapdckoezo cmuns. pu OMOPMIEHUN CChINOK, UMTaT W CNMcka WCMONb30BaHHOW
nuTepaTtypbl  HeOOXOAUMO  MPUOEPXKMBATBCA  YCTAHOBMEHHbIX  HopM. [lporpamma
ASSISTANT npegoctaBnsieT nNpy LUTUPOBaAHMM BO3MOXHOCTb WMCMONb30BaHUS CcepBuca
CiteMatcher, dukcupytoLero nponyLleHHbIe umMTaThl B paboTe 1 B cnncke nutepaTtypsl.

MpumeyaHus (CHOCKK)

MpumeyaHusa (CHOCKM) K TEKCTY YKasblBalOTCA BHW3Y CTPaHWUUbl, K KOTOPOW OHU
OoTHOCATCS. [MpumeyaHus MoryT cogepaTb MeHee BaXHble AeTanu, OONOMHUTENbHbIE
06bACHEHNs, ykas3aHWA 06 MCMOMb30BaHHLIX UCTOYHMKaX (Hamp. HayyHOM marepuarne,
CnpaBoYHUKax), HO He MOTYT ObITb 3aMeHOW NpoLeaypbl LUTMPOBaHWSA nuTepaTypsbl.

INutepartypa (pecdepeHunn)

LintuposaHHom nutepaTypon oXxBaTblBalOTCH, Kak npaswuno, Takve
6ubnunorpadmyeckne UCTOYHMKM Kak cTaTbu, MoHorpadum un T1.n. Bes ucnonbsyemas
nuTepaTypa B Buge pedepeHumin pa3meLlaeTca B OTAENbHOM pasaene crtaTtbi.

HasBaHusa nuTepaTypHbIX MICTOYHMKOB HE MEPEBOAATCH Ha A3bIK PaboThl.

«BOEHHO-TEXHMYECKUA BECTHUK» Anst OOPMIIEHUSA CMMCKa WUCMONb30BaHHOW
nutepaTypbl npumeHsieT [apBapackyto cuctemy (Harvard Style Manual). B cnucke
nMTepaTypbl UCTOYHMKM YKa3blBaOTCA B andaBMTHOM nopsgke hamunuii aBTopoB Mnn
pegakTopoB. PekomeHgaumu o cnocobe LMTUPOBaHUS pasMelleHbl Ha CTpaHuue canTa
UHempykyusi o ucrionb3ogaHuro  [apeapdckozo cmund. [lpn  odopMmeHnn  cnucka
NCNonb30BaHHOW NuTepaTypbl HEOH6X0AMMO NPUAEPKMBATLCA YCTAHOBIEHHBIX HOPM.

Mpn odopmnennn cnucka nutepatypbl nporpamma ASSISTANT npegocrtaensiet
BO3MOXHOCTb MUCMonb3oBaHusa cepBuca RefFormatter, ocylecTBnsoLWEero KoHTponb
ocbopmeHnst cnncka nuTepaTtypbl B COOTBETCTBUM CO CTaHAapTaMu [[apBapAckoro cTuns.

HectanpapTHoe, HEMofHOe W HemocrefoBaTenbHOe MpUBEAEHUE nuTepaTypbl B
cuCTeMax OLEeHKM XypHana cuMTaeTcs [OOCTaTOYHOW MPUYMHOW ANs ocrnapuBaHusi
Hay4Horo craTyca XypHana.

ABTOpCKOE 3asBneHune

ABTOpCKOE 3asiBfieHVe MpPefoCTaBrsieTcd BMeCTe CO CTaThell, B Hem aBTopbl
3aABNAIOT O CBOEM IMYHOM BKMage B HamucaHue cratbu. B 3asBneHwn asTopbl
NoATBEPXKAAT, 4YTO CTaTbs HanuWcaHa B COOTBETCTBUM C  [lpuanaweHuem U
uHcmpykuusimu  0ns aemopos, a Takke ¢ Kodekcom npogheccuoHasibHol amuku
XKypHana.

Bce pykonucu cTaTten nognexar npod)eccuouaanOMy peueH3InpoBaHUIoO.

CnncoK peLeH3eHTOB >XypHana «BOeHHO-TEXHMYECKU BECTHMK» pasMeLLEH Ha
cTpaHuue canta Criucok peuyeH3eHmos. [MNpouecc peLeH3MpoBaHns onncaH B pasgene

Mpasuna peyeH3uposaHusl.

Pepakuus
MoyToBbLIV agpec peaakumm:
«BOjHOTEXHUYKM rNacCHUK»
yn. Benbka Jlyknya Kypsika 33
11042 Bbenrpag, Pecnybnuka Cepbus
e-mail: vojnotehnicki.glasnik@mod.gov.rs.
Ten: +381 11 3603 260, +381 66 8700 123
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CALL FOR PAPERS AND ARTICLE FORMATTING INSTRUCTIONS

The instructions to authors about the article preparation for publication in the
Military Technical Courier are based on the Regulations on categorization and ranking of
scientific journals of the Ministry of Education, Science and Technological Development
of the Republic of Serbia (Official Gazette of the Republic of Serbia, No 159/20). This
Regulations aims at improving the quality of national journals and raising the level of their
compliance with the international system of scientific information exchange.

The Military Technical Courier / Vojnotehnicki glasnik (www.vtg.mod.gov.rs/index-
e.html, BTr.mo.ynp.cp6, ISSN 0042-8469 — print issue, e-ISSN 2217-4753 — online,
ubC 623+355/359, DOI: 10.5937/VojnotehnickiGlasnik;
https://doi.org/10.5937/VojnotehnickiGlasnik) is a multidisciplinary scientific journal of the
Ministry of Defence and the Serbian Armed Forces. The journal publishes scientific and
professional papers covering fundamental research (mathematics, computer science and
mechanics) and technological development (electronics, telecommunications, information
technologies, mechanical engineering, material science and chemical technologies) as well
as technical data on modern weapon systems and military technologies. The journal covers
inter-service technical support to the Army on the principle of logistic system support;
fundamental, applied and development research; production and use of weapons and
military equipment. Also, the journal publishes other theoretical and practical achievements
leading to professional development of all members of Serbian, regional and international
academic communities as well as members of the military and ministries of defence in
particular.

The editorial policy of the Military Technical Courier is based on the COPE Core
Practices and the journal articles are consistent with accepted best practices in their
subject areas. As of 2 May 2018, the Military Technical Courier is a member of COPE
(Committee on Publication Ethics).

The Ministry of Education, Science and Technological Development of the Republic
of Serbia classified the Military Technical Courier for the year 2020, on December 18,
2020

in the field fundamental research:

—on the list of periodicals for mathematics, computer sciences and mechanics,

category: national journal (M53),

in the field technological development:

—on the list of periodicals for electronics, telecommunications and IT,

category: quality national journal (M52),

—on the list of periodicals for mechanical engineering,

category: quality national journal (M52),

—on the list of periodicals for materials and chemical technology,

category: quality national journal (M52).

The approved lists of national periodicals for the year 2020 can be viewed on the
website of the Military Technical Courier, page Journal categorization (The Ministry of
Education, Science and Technological Development of the Republic of Serbia has not yet
published the official evaluation of scientific journals for 2021).

More detailed information can be found on the website of the Ministry of Education,
Science and Technological Development of the Republic of Serbia.

The information on the categorization can be also found on the website of KOBSON
(Consortium of Libraries of Serbia for Unified Acquisition).
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The periodical is categorized in compliance with the Regulations on categorization
and ranking of scientific journals of the Ministry of Education, Science and Technological
Development of the Republic of Serbia (Official Gazette of the Republic of Serbia, No
159/20). More detailed information can be found on the website of the Ministry of
Education, Science and Technological Development.

In accordance with the Regulations and the table about types and quantification of
individual scientific and research results (as a part of the Regulations), a paper published
in the Military Technical Courier scores 2 (two) points (category M51), 1,5 (one and a
half) point (category M52) and 1 (one) point (category M53).

The journal is in the Serbian Citation Index — SCindex (data base of national
scientific journals), in the Russian Index of Science Citation/Poccuiickuin nHgekc
HayyHoro umtupoBaHus (RINC/PUHL) and is constantly monitored depending on the
impact within the bases themselves and indirectly in the international (e.g. Clarivate
Analytics) citation indexes. More detailed information can be viewed on the website of the
Military Technical Courier, page Journal indexing.

Military Technical Courier enables open access and applies the Creative Commons
Attribution (CC BY) licence provisions on copyright. The copyright details can be found on
the Copyright notice and Self-archiving policy page of the journal's website.

Manuscripts are submitted online, through the electronic editing system
ASSISTANT, developed by the Center for Evaluation in Education and Science — CEON.

The access and the registration are through the Military Technical Courier
site http://www.vtg.mod.gov.rs/index-e.html, on the page ASSISTANT or the page

SCINDEKS or directly through the link (aseestant.ceon.rs/index.php/vtg).

The detailed instructions about the registration for the service are on the website
http://www.vtg.mod.gov.rs/index-e.html, on the page Instructions for ASSISTANT.

All authors submitting a manuscript for publishing in the Military Technical Courier
should register for an ORCID ID following the instructions on the web page Registration
for an ORCID identifier.

The Military Technical Courier publishes articles in English,
using Arial and a font size of 11pt with Single Spacing.

The procedures of article preparation, writing and editing should be in accordance
with the Publication ethics statement (http://www.vtg.mod.gov.rs/publication-ethics-
statement.html).

The article should contain the abstract with keywords, introduction, body,
conclusion and references (without heading and subheading enumeration). The article
length should not exceed 24 pages of A4 paper format.

The article should be formatted following the instructions in the Article Form which
can be downloaded from website page Article form.

Title

The title should be informative. It is in both Journal’'s and author’s best interest to
use terms suitable for indexing and word search. If there are no such terms in the title, the
author is strongly advised to add a subtitle.

Letterhead title

The letterhead title is given at a top of each page for easier identification of article
copies in an electronic form in particular. It contains the author’'s surname and first name
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initial (for multiple authors add “et al”), article title, journal title and collation (year, volume,
issue, first and last page). The journal and article titles can be given in a shortened form.

Author’s name

Full name(s) of author(s) should be used. It is advisable to give the middle initial.
Names are given in their original form (with diacritic signs if in Serbian).

Author’s affiliation

The full official name and seat of the author’s affiliation is given, possibly with the
name of the institution where the research was carried out. For organizations with
complex structures, give the whole hierarchy (for example, University of Defence in
Belgrade, Military Academy, Department for Military Electronic Systems). At least one
organization in the hierarchy must be a legal entity. When some of multiple authors have
the same affiliation, it must be clearly stated, by special signs or in other way, which
department exactly they are affiliated with. The affiliation follows the author’s name. The
function and title are not given.

Contact details
The postal addresses or the e-mail addresses of the authors are given in the first page.

Type of articles

Classification of articles is a duty of the editorial staff and is of special importance.
Referees and the members of the editorial staff, or section editors, can propose a
category, but the editor-in-chief has the sole responsibility for their classification.

Journal articles are classified as follows:
Scientific articles:

— Original scientific papers (giving the previously unpublished results of the author’s
own research based on scientific methods);

— Review papers (giving an original, detailed and critical view of a research problem
or an area to which the author has made a contribution demonstrated by self-citation);

— Short communications or Preliminary communications (original scientific full
papers but shorter or of a preliminary character);

— Scientific commentaries or discussions (discussions on a particular scientific
topic, based exclusively on scientific argumentation) and opinion pieces.

Exceptionally, in particular areas, a scientific paper in the Journal can be in a form
of a monograph or a critical edition of scientific data (historical, archival, lexicographic,
bibliographic, data survey, etc.) which were unknown or hardly accessible for scientific
research.

Papers classified as scientific must have at least two positive reviews.

If the journal contains non-scientific contributions as well, the section with scientific
papers should be clearly denoted in the first part of the Journal.

Professional articles:

— Professional papers (contributions offering experience useful for improvement of
professional practice but not necessarily based on scientific methods);

— Informative contributions (editorial, commentary, etc.);
— Reviews (of a book, software, case study, scientific event, etc.)
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Language
The language of the article should be in English.

The grammar and style of the article should be of good quality. The systematized
text should be without abbreviations (except standard ones). All measurements must be
in Sl units. The sequence of formulae is denoted in Arabic numerals in parentheses on
the right-hand side.

Abstract and summary

An abstract is a concise informative presentation of the article content for fast and
accurate evaluation of its relevance. It contains the terms often used for indexing and
article search. A 100- to 250-word abstract has the following parts: introduction/purpose
of the research, methods, results and conclusion.

Keywords

Keywords are terms or phrases showing adequately the article content for indexing
and search purposes. They should be allocated heaving in mind widely accepted
international sources (index, dictionary or thesaurus), such as the Web of Science
keyword list for science in general. The higher their usage frequency is, the better. Up to
10 keywords immediately follow the abstract and the summary, in respective languages.

For this purpose, the ASSISTANT system uses a special tool KWASS for the
automatic extraction of key words from disciplinary thesauruses/dictionaries by choice
and the routine for their selection, i.e. acceptance or rejection by author and/or editor.

Article acceptance date

The date of the reception of the article, the dates of submitted corrections in the
manuscript (optional) and the date when the Editorial Board accepted the article for
publication are all given in a chronological order at the end of the article.

Acknowledgements

The name and the number of the project or programme within which the article was
realised is given in a separate note at the bottom of the first page together with the name
of the institution which financially supported the project or programme.

Article preliminary version

If an article preliminary version has appeared previously at a meeting in a form of
an oral presentation (under the same or similar title), this should be stated in a separate
note at the bottom of the first page. An article published previously cannot be published in
the Military Technical Courier even under a similar title or in a changed form.

Tables and illustrations

All the captions should be in the original language as well as in English, together
with the texts in illustrations if possible. Tables are typed in the same style as the text and
are denoted by Arabic numerals at the top. Photographs and drawings, placed
appropriately in the text, should be clear, precise and suitable for reproduction. Drawings
should be created in Word or Corel.

For figures and graphs, proper data plot is recommended i.e. using a data analysis
program such as Excel, Matlab, Origin, SigmaPlot, etc. Itis not recommended to use a
screen capture of a data acquisition program as a figure or a graph.
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Citation in the text

Citation in the text must be uniform. The Military Technical Courier applies the
Harvard Referencing System given in the Harvard Style Manual. When citing sources
within your paper, i.e. for in-text references of the works listed at the end of the paper,
place the year of publication of the work in parentheses and optionally the number of the
page(s) after the author's name, e.g. (Petrovic, 2012, pp.10-12). A detailed guide on
citing, with examples, can be found on Military Technical Courier website on the page
Instructions for Harvard Style Manual. In-text citations should follow its guidelines.

For checking in-text citations, the ASSISTANT system uses a special tool
CiteMatcher to find out quotes left out within papers and in reference lists.

Footnotes

Footnotes are given at the bottom of the page with the text they refer to. They can
contain less relevant details, additional explanations or used sources (e.g. scientific
material, manuals). They cannot replace the cited literature.

Reference list (Literature)

The cited literature encompasses bibliographic sources such as articles and
monographs and is given in a separate section in a form of a reference list.

References are not translated to the language of the article.

In compiling the reference list and bibliography, the Military Technical Courier
applies the Harvard System — Harvard Style Manual. All bibliography items should be
listed alphabetically by author's name, without numeration. A detailed guide for listing
references, with examples, can be found on Military Technical Courier website on the
page Instructions for Harvard Style Manual. Reference lists at the end of papers should
follow its guidelines.

In journal evaluation systems, non-standard, insufficient or inconsequent citation is
considered to be a sufficient cause for denying the scientific status to a journal.

Authorship Statement

The Authorship statement, submitted together with the paper, states authors’
individual contributions to the creation of the paper. In this statement, the authors also
confirm that they followed the guidelines given in the Call for papers and the Publication
ethics and malpractice statement of the journal.

All articles are peer reviewed.

The list of referees of the Military Technical Courier can be viewed at website
page List of referees. The article review process is described on the Peer Review
Process page of the website.

Editorial Team

Address of the Editorial Office:

Vojnotehnicki glasnik / Military Technical Courier
Veljka Luki¢a Kurjaka 33

11042 Belgrade, Republic of Serbia

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

tel.: +381 11 3603 260, +381 66 8700 123
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