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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,
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[naBHW 1 OLTOBOPHYU YpeHUK

[p OparaH Mamyvap, YHuBep3uTeT oabpaHe y beorpaay, BojHa akapemuja, Beorpag, Cpbuja,
e-mail: dragan.pamucar@va.mod.gov.rs

YpeAHuk 3a obnact maTemaTuke, MexaHuke 1 padyHapckux Hayka

[Op OparaH Tpudkoswuh, YHuBep3suteT oabpaHe y beorpagy, BojHa akapemuja, Beorpag, Cpbuja
YpepnHuk 3a 0bnact enekTpoHuke, TeNeKoMyHuKauuja u MHHOPMaLMOHUX TEXHOMorvja

[p BobaH BoHyynuh, YHueepautet onbpaHe y Beorpapy, BojHa akagemuja, Beorpaa, Cpbuja
YpeaHuk 3a obnacT MalwmnHCTBa

[Op Bpanumup Kpctuh, YHuBepauteT onbpaHe y beorpapny, BojHa akapemuja, beorpag, Cpbuja
YpeaHuk 3a obnact matepujana u XeMujckux TeXHonoruja

[Op PapgosaH Kapkanuh, YHusep3autet ogbpare y Beorpaay, BojHa akagemuja, beorpag, Cp6uja
TexXHWYKN ypeaHuK

Mp Hebojwa Mahewa, YHuBepautet onbpaHe y beorpapy, BojHa akanemuja, Beorpaa, Cpbuja,
e-mail: nebojsa.gacesa@mod.gov.rs, tel. 011/3603-260, 066/87-00-123

YPEBVBAYKM OBOP:

[p UeaH M'yTmaH, Cpncka akagemuja Hayka U ymeTHocTu, Beorpaa, Cp6uja,

[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 TexHonorvja, 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 BaneHtuH Mono., TexHnuku yHneep3nTeT y bepnuHy, Operbere 3a AnHamuky cuctema v usmnky 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 AHTyLxeBu4m, TexHnukn yrueepsnteT MeanmuHac y Bunwycy, MpafesnHckn dakynteT, Bunwyc, utBanuja,

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

[p. Capdapas XawemxaHu 3ondanu, Katonuyku yHnBep3autet Cesep, TexHuukn dakyntet, 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 uHxerwepctBo 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. Ceauuv, YrusepauteT Wexug Yampam y Axeasy, Oferbetbe 3a MalwmHcTBo, AxBas, MpaH,

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

[p Xamepn ®asnonaxrtabap, YHusep3auteT flamran, Oferbewe 3a MHAYCTPUCKO MHXerepcTBO, [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, TexHn4uku yHnBepanTeT y AXeHy, IHCTUTYT 3a npoLiecHy MeTanyprujy 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 Jiutsanuje ,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 ¥ 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 UHXeHepcTBo, 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 eKoHOMCKY YHUBEP3WUTET, KaTeapa 3a MHopMaLMoHe cucTeme, XapkoB, 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,

Op Camapyut Kap, HauvoHanHu nHcTutyT 3a TexHonorvjy, Operberse 3a matematuky, 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,

[p 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 Wpuk MyxamensjaHos, [ipxxaBHU HadhTHU TEXHOIOLWKM YHUBEP3NTET y Yu, Yda, Pycka ®enepaumija,

Ip Nasen Otpucan, YHusepautet MNanauku, Onomoyu, Yewwka Penybnuka,

[p PapgosaH PapgoBaHoBwh, KpuMuHanuctuyko-nonuumjcku yHusepautet, beorpaa, Cpbuja.
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COBCTBEHHUKWN: MuHnctepctBo 060poHbl M BoopyxéHHble cunbl Pecnybnuku Cepbus
N3OATENBCTBO: YHuBepcuteT 060poHbl B 1. Benrpaa, BoeHHas akagemus

PEOAKUMNA: co ctpaHuuamm unexos pegakumm B8 ORCID iD, Google Scholar, Web of Science ResearcherID, Scopus Author
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[MaBHbI 1 OTBETCTBEHHbIVA peaakTop

[-p Oparax Namyyap, YHuBepcutet ob6opoHsl B r. Benrpapa, BoeHHas akagemus, r. Benrpag, Cepbus,
e-mail: dragan.pamucar@va.mod.gov.rs

PepakTop B o6nactsix: MaTemaTuka, MexaHuka 1 nHcopmaTuka

[-p Oparax TpudkoBud, YHuBepcuteT obopoHsbl B . benrpaa, BoeHHasi akagemus, r. Benrpag, Cep6usi
PepakTop B 06nacTsix: 3NeKTpoHMKa, TENEKOMMYHUKaLUU U MHEHOPMALMOHHbIE TEXHOMOTUN

[-p BobaH BoHaxynuy, YHuBepcuteT o6opoHsbl B I. benrpaa, BoeHHas akapemus, r. benrpaa, Cepbusi
PepakTop B 06nacTu: MalwWMHOCTpOeHue

[-p Bpanumup Kpctuy, YuusepcuteT o6opoHbl B . Benrpaa, BoeHHas akagemus, 1. Benrpag, Cep6usi
PepakTop B o6nactsix: MaTepuanoBefeHue 1 XMMUYeckne TeXHONOornm

[-p Paposax Kapkanuu, YHuBepcuteT o6opoHsbl B r. benrpaa, BoeHHas akagemus, r. benrpap, Cepbus
TexHUYeCKni pegakTop

Kangnpat TexHuyecknx Hayk Hebonwa Mavewa, YHuBepcutet o6opoHsbl B r. benrpag, BoeHHas akagemus,
r. Benrpag, Cep6us, 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 M uckyccTs, r. benrpag, Cepbus,

[-p M'pagumnp Munosarosuy, Cepbekast akageMust Hayk 1 uckyccTs, r. benrpag, Cepbus,

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

[-p OparaH Maweswny, YHuBepcuteT MoHalw, dakynbTeT MHOPMaLMOHHbIX TeXHonorwii, r. MenbbypH, ABcTpanus,

[-p CrosH PapeHoBuY, Benrpaackuii yHUBEPCUTET, MaLUMHHOCTPOUTENBHLIN hakynbTeT, r. Benrpaa, Cepbus,

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

[-p BaneHTuH Monos, BepnnHCKnin TEXHUYECKUIA YHUBEPCUTET, AenapTaMeHT AMHAMMUKN CUCTEM U (DU3UKN TPEHUS,
r. bepnuH, lepmanus,

[-p WaHkap YakpabopTu, YHuBepcuteT [kanasnyp, AenapTamMeHT Npon3BOACTBEHHbLIX MaLUWH, . KanbkyTTa, NHaus,

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

[-p FOpruTta AHTy4eBMUMEHE, BUNBHIOCCKUIN TEXHUYECKNA YHUBEPCUTET UMeHMN ['eMMmMHaca, CTpoUTerbHbIN (hakynbTeT,
r. BunbHioc, Nutea,

[-p Bnagnumup 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, YHuBepceuTeT KOxHoi ABCTpanuu, r. Anenanaa, Asctpanus,

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

[-p Npacengxut Yatepmku, MHcTuTyT nixeHepun MCKV, genaptaMeHT MaluMHOCTpoeHus, r. Xaopa, UHaus,

[-p CteBaH Bepbep, OkneHACKUI YHUBEPCUTET, AENapTaMeEHT ANEKTPOTEXHWUKM 1 KOMMbIOTEPHON UHXeHepun, r. OkneHs,
Hoeas 3enaHgus,

[-p ®aycto KaBanapo, YHuBepcutet Monuae, akoHomMuyeckuii hakynbTteT [lenapTaMeHT OKpYXaroLen cpelbl U aHepreTuku,
r. Kamnobacco, Utanus,

[-p Xamug M. Ceanaxu, YrusepcuteT LWaxuaa YampaHa B AxBase, AenapTaMeHT MaluMHOCTpoeHus, r. Axeas, MpaH,

[-p Kenbko CTeBuy, BocTouHo-CapaeBckuil yHUBEPCUTET, TPaHCMOPTHbIN dakynbTeT, r. [loboit, Pecnybnuka Cepbekas, bul,

[-p Xamepn ®asnonaxtabap, YHuBepcutet [Jamrana, AenapTaMeHT NpoMbILLNEHHO NHXeHepuu, T. JamraH, UpaH,

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

[-p Kpuctnano ®paraca, bonoHckuin yHrBepcuTeT, AenapTamMeHT NPOMBbILLIEHHO MHXeHepuK, r. BonoHbs, Utanus,

[-p Cpeyko Ctonuy, TexHUYeckuin yHUBEPCUTET AXEHa, AenapTaMeHT MeTannypriuyeckux TEXHonommii n o6paboTku
meTannos, r. AxeH, FepmaHus,

[-p Boituex CanabyH, 3anagHo-lNMomepaHckuil TEXHONOTMYECKUIA YHUBEPCUTET B T. LLleunH, dakynbTeT KOMMLIOTEPHBIX HayK
1 MHPOPMALIMOHHBIX TexHonoruii, 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, hnanko-MaTemaTuyeckuin fenapTameHT, r. BpHo, Yewickas Pecny6nuka,

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

[O-p Munow [xykuy, Benrpagckuin yHuBepcuTeT, MalMHOCTPOUTENbHLIA hakynbTeT, r. benrpaa, Cepbus,

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

[-p OpHecto [1.P. CaHTnGaHe3 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 nccnenosanwii, 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 Bosit 3pHuy, YHuBepcutet obopoHsl B r. Benrpan, BoeHHasi akagemus, r. benrpag, Cepbus,

[-p Munenko AHapuy, YHuBepcuteT o6opoHbl B 1. benrpaa, BoeHnHas akagemus, r. Benrpaa, Cepbus,

[-p Muxaen Byuyko, YHusepcuteT o6opoHbl B . benrpaa, BoeHHas akagemus, r. benrpaa, Cepbus,

[O-p Camapmxut Kap, HaumoHanbHbIn TEXHONOTMYECKUIA MHCTUTYT, AenapTamMeHT matemaTtuku, r. dypranyp, NHawns,

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

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

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

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

[-p BosH MunanoBuy, YHuBepcuteT obopoHbl B I. Benrpag, r. benrpag, Cep6us,

[-p Npuk MyxameT3sHoB, YUMCKUI rocyapCTBEHHbIN HE(TAHON TEXHUYECKUI YHUBEpeuTeT, . Ya,
Poccuiickas ®epepauus,

[-p Masen Otpucan, YHusepcutet Manaukoro, Onomoyu, Yewckas Pecnybnuka,

[-p PapoBaH PagoBaHoBWY, YHUBEPCUTET KPUMUHANWUCTUKM W NONMLENCKOW NoaroTosku, r. benrpapa, Cepbus.
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Abstract:

Introduction/purpose: Althought many methods have been proposed to
deal with the problem of material selection, there are inherent defects of
additive algorithms and subjective factors in such methods. Recently, a
probability-based multi—objective optimization was developed to solve the
inherent shortcomings of the previous methods, which introduces a novel
concept of preferable probability to reflect the preference degree of the
candidate in the optimization. In this paper, the new method is utilized to
conduct an optimal scheme of the switching material of the RF-MEMS
shunt capacitive switch, the sintering parameters of natural hydroxyapatite
and the optimal design of the connecting claw jig.

Methods: All performance utility indicators of candidate materials are
divided into two groups, i.e., beneficial or unbeneficial types for the
selection process; each performance utility indicator contributes
quantitatively to a partial preferable probability and the product of all partial
preferable probabilites makes the total preferable probabilty of a
candidate, which transfers a multi—objective optimization problem into a
single—objective optimization one and represents a uniquely decisive
index in the competitive selection process.

Results: Cu is the appropriate material in the material selection for RF -
MEMS shunt capacitive switches; the optimal sintering parameters of
natural hydroxyapatite are at 1100 € and O compaction pressure; and the
optimal scheme is scheme No 1 for the optimal design of a connecting

claw jig.
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Conclusion: The probability-based multi-objective optimization can be
easily used to deal with an optimal problem objectively in material
engineering.

Key words: multi-objective optimization, probability theory, preferable
probability, material engineering, scheme selection.

Introduction

It has been more than 40 years (Ashby, 2000) since early works in
material selection appeared; many methods have been proposed to
analyze a big amount of data involved in the material selection process
SO as to obtain an appropriate result.

Various algorithms (techniques) have been developed, including
Ashby’s method (Ashby, 2000; Ashby et al, 2004), Technique for Order
Preference by Similarity to Ideal Solution (TOPSIS), Vise Kriterijumska
Optimizacija Kompromisno Resenje (VIKOR), Multi Attribute Decision
Making (MADM), Analytical Hierarchy Process (AHP), Simple Additive
Weighted (SAW) method and Multi-Objective Optimization on the basis
of Ratio Analysis (MOORA), etc (Zheng et al, 2021). Ashby’s method is
difficult to be applied in cases which involve multiple criteria of selection
(Ashby, 2000; Ashby et al, 2004; Zheng et al, 2021). Deshmukh et al
employed the multi—objective optimization (MOO) techniques of TOPSIS
and VIKOR to perform the material selection of the switching structure

for RE-MEMS shunt capacitive switches (Deshmukh & Angira, 2019).
However, there exist inherent problems of additive algorithms and
subjective factors in the MADM, AHP, MOORA, TOPSIS and VIKOR due
to their fatal scaling or normalization processes (Zheng et al, 2021).
Recently, a new probability-based multi-objective optimization
method was developed (Zheng et al, 2021), attempting to solve the
inherent problems of personal and subjective factors in the previous
multi—objective optimization methods. The novel concept of preferable
probability was introduced to reflect the preference degree of a candidate
in the optimization where all performance utility indicators of candidates
are divided into beneficial or unbeneficial types for the selection. Each
performance utility indicator of a candidate contributes to a partial
preferable probability quantitatively, and the total preferable probability of
a candidate is the product of all partial preferable probabilities from the
viewpoint of the probability theory, which is the overall and unique
decisive index in the competitive selection process. The new multi-
objective optimization method was also extended with the application of
the multi-objective orthogonal test design method (OTDM) and the

2D



uniform test design method (UTDM), which results in appropriate
achievements (Zheng et al, 2021).

In this paper, the new probability-based multi-objective optimization
method is used to perform the optimal scheme in material engineering,
which includes the selection of switching material of the RF-MEMS shunt
capacitive switch, the optimization of the sintering parameters of natural
hydroxyapatite and the optimal design of a connecting claw jig.

Brief introduction to the new multi—objective
optimization method

In the new probability-based multi-objective optimization method
(Zheng et al, 2021), a beneficial utility index of material performance
indicator contributes to a partial preferable probability in a positively
linear manner, i.e.,

Pij = ai,-Xi,-, i= 1,2,...n; j =1,2,.m. (1)

In Eq. (1), Xj is the j" beneficial utility index of the material
performance indicator of the i candidate material; Pj represents the
partial preferable probability of the beneficial utility index Xj; n is the total
number of candidate materials in the material group involved; m is the
total number of the utility indices of each candidate material in the group;
o is the normalized factor of the ™ utility index of the material

performance indicator, ¢;; =1/(nX;), and X is the arithmetic mean

value of the utility index of the material performance indicator in the
material group involved.

Equivalently, the unbeneficial utility index of the material
performance indicator contributes to a partial preferable probability in a
negatively linear manner, i.e.,

Pij = Gi(Xjmax + Xjmin - Xi), i=1,2,..,n;j=1,2,.m. (2)

In Eg. (3), Xjmax and Xjmin represent the maximum and minimum
values of the utility indices X; of the material performance indicator in the
material group, respectively, and £ is the normalized factor of the j" utility
indices of the material performance indicator, g =1/[n(X,,, + ij)—n)?j].

Moreover, the total / comprehensive preferable probability of the it
candidate material is the product of its partial preferable probability Pj of
each utility index of the material performance indicator in the overall
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selection due to the “simultaneous optimization” of the multi-objects in
the viewpoint of probability theory (Zheng et al, 2021), i.e.,

m
PiZPil'PiZ"'Pim:HPij- (3)
j=1

The total preferable probability of a candidate is the uniquely
decisive index in the overall selection process competitively, which
transfers a multi-objective optimization problem (MOOP) into a single —
objective optimization one. The main characteristic of the new probability-
based multi-objective optimization is that the treatment for both
beneficial utility index and unbeneficial utility index is equivalent and
conformable, which is without any artificial or subjective scaling factors
involved in the process.

Application of probability-based multi—objective
optimization in material engineering

1) Multi—objective optimization in the material selection of
RF-MEMS shunt capacitive switches

Radio Frequency Micro Electro Mechanical Systems (RF-MEMS) is
a promising technology for implementing passive devices in future
wireless communication systems (Deshmukh & Angira, 2019). Switches
have drawn more attention due to their frequent use in many cases in
wireless communication systems. An RF-MEMS technology-based
switch has low insertion loss, high isolation, high linearity and less power
consumption (Deshmukh & Angira, 2019). Its shunt capacitive switch has
two stable states i.e., up-state and down-state (Deshmukh & Angira,
2019). Power can flow from the input port to the output port in the switch
upstate, while it stands at the off-state in its down-state (Deshmukh &
Angira, 2019; Angira & Rangra, 2015a; Angira & Rangra, 2015b).

The optimization of the performance of the switching structure
involves many parameters (criteria), such as pull-in voltage, RF response
(insertion loss and isolation), maximum displacement, thermal
conductivity, etc (Deshmukh & Angira, 2019; Angira & Rangra, 2015a;
Angira & Rangra, 2015b). Since many parameters are involved, it can be
seen as a MOOP in the performance optimization of the switching
material selection. Therefore, a MOOP can be used to decrease human
effort since a large number of materials are available in practice, forming
a material bank together with many manufacturing processes and
selection attributes (Zheng et al, 2021).
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Yang et al pointed out that if different normalization methods are
applied, significant different results may be produced (Yang et al, 2021).
Podviezko et al also stressed that different normalization of data applying
to popular MCDM methods such as SAW or TOPSIS could lead to
significant differences in the assessment (Podviezko & Podvezko, 2015).
As a consequence, many researchers paid a lot of attention to the choice
of the normalization type. However, it is still puzzling which normalization
method is better and how to determine final results of material selection
from different normalization algorithms.

A) Utility indices of the material performance indicators in the material
selection of RF - MEMS shunt capacitive switches

In the study of Deshmukh & Angira (2019), the optimal objectives for
this purpose are low pull-in voltage, low RF loss, high thermal
conductivity and maximum displacement of the beam structure. As a
result, the square root of Young's modulus of the material E°®, the
electrical resistive coefficient pe, the thermal conductivity of the material 4,
the ratio of the fracture strength ot to Young’'s modulus E of the material,
alE, are taken as the optimal utility indices of the material attribute
indicators (Deshmukh & Angira, 2019).

B) Divisions of the utility indices in the material selection of RF - MEMS
shunt capacitive switches

From analyzing the requirements of the optimizations of the bridge
of RF-MEMS shunt capacitive switches, i.e., higher pull-in voltage (Vp),
lower RF loss, higher thermal conductivity and the higher maximum
displacement of the switch beam (Deshmukh & Angira, 2019), the utility
indices of the square root of Young’s modulus of the material, E°®, the
thermal conductivity of the material, 4, the ratio of the fracture strength o
to Young’'s modulus E of the material, a&/E, belong to the beneficial type
of the material performance index, while the electrical resistive coefficient,
pe, belongs to the unbeneficial type of the material performance index in
the assessment.

C) Assessment results

The values of the conventional material performance indicators for
various materials are given in Table 1 (Deshmukh & Angira, 2019).

The partial preferable probabilities of the utility indices of E®°, 1 and
pe and ot /E and the total preferable probabilities are assessed according
to Equations (1) through (5), respectively, shown in Table 2. In addition,

D

Zheng, M., Application of probability-based multi—objective optimization in material engineering, pp.1-12



ﬁ‘ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2022, Vol. 70, Issue 1

the ranking here by using the new probability-based multi—objective
optimization method is given in Table 2 together with those of Vikor and
Topsis from Ref. (Deshmukh & Angira, 2019) for comparison.

Table 1 — Conventional material performance indicators for various materials (Deshmukh
& Angira, 2019)
Tabnuuya 1 — CmaHdapmHbie nokasamesnu aghghekmusHocmu Mamepuarsos 0ns
pasnuyHbix mamepuasios (Deshmukh & Angira, 2019)
Tabena 1 — lHOukamopu yobu4ajeHux nepghopmMaHcu Mamepujana 3a pasudume
mamepujane (Deshmukh & Angira, 2019)

, Electrical
Young’s resistive Thermal Fracture (aE)
Mat. | modulus coofficient conductivity | strength 5103
E (GPa) e (Q m) 10 A (W/m-K) ot (MPa)
Ni 193 6.99 90 345 1.7876
Au 70 244 315 220 3.1429
Al 70 2.82 204 47 0.6714
Ag 83 1.59 407 110 1.3253
Pt 168 10.5 73 125 0.7440
Cu 117 1.68 386 314 2.6838
Cr 279 12.9 90 370 1.3262
W 411 5.28 163 1725 4.1971
Co 209 6.24 69 675 3.2297
Fe 211 9.61 73 540 2.5592

Table 2 — Partial preferable probabilities and total preferable probabilities for various
materials for shunt capacitive switch optimization
Tabnuuya 2 — Yacmu4Hbie npednoymumeribHbie 8eposimHocmu u obujue
npednoYymumeribHble 8epossmHocmu Or1s pa3nuyHbIX Mamepuasos rpu onmumusayuu
EeMKOCMHO20 WyHMupyu,eeo nepeknyamerns
Taberna 2 — [JenumuyHe roxesrbHe eeposamHohe u yKyrnHe rnoxesbHe seposamHohe 3a
pasnuyume Mamepujane y onmumusayuju KanayumusHoe npexkudaya waHma

Mat. | Pews Pre P, Poe | P10 EZ?: \F;ﬁ‘(';': TF;%r;'i‘s
Ni 0.1073 | 0.0884 | 0.0481 | 0.0825 | 0.3766 6 6 6
Au 0.0646 | 0.1420 | 0.1684 | 0.1451 | 2.2423 3 1 1
Al 0.0646 | 0.1375 | 0.1091 | 0.0310 | 0.3005 7 4 4
Ag 0.0704 | 0.1520 | 0.2176 | 0.0612 | 1.4242 4 3 3
Pt 0.1001 | 0.0470 | 0.0390 | 0.0343 | 0.0631 10 8 9
Cu 0.0835 | 0.1510 | 0.2064 | 0.1239 | 3.2248 1 2 2
Cr 0.1290 | 0.0187 | 0.0481 | 0.0612 | 0.0712 9 10 10
W 0.1566 | 0.1085 | 0.0872 | 0.1937 | 2.8697 2 9 7
Co 0.1117 | 0.0972 | 0.0369 | 0.1490 | 0.5971 5 5 5
Fe 0.1122 | 0.0575 | 0.0390 | 0.1181 | 0.2975 8 7 8
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It can be seen from Table 2 that the appropriate material from the
new multi-objective optimization method is Cu, which is different from
those of Vikor and Topsis from (Deshmukh & Angira, 2019); this is
because of the inherent defects of personal and subjective factors in
Vikor and Topsis (Deshmukh & Angira, 2019).

In fact, the evaluation result of the new probability-based method for
multi—-objective optimization in material selection is no need to equal to
those of other previous approaches exactly due to their involvements of
personal or other subjective coefficients.

2) Optimization of sintering parameters of natural hydroxyapatite

Abifarin conducted the optimization of hydroxyapatite (HAp)
mechanical characteristics using Taguchi grey relational analysis design
which includes hardness and compressive strength (Abifarin, 2021).
Three levels of sintering temperature and two levels of compaction
pressure are employed during sintering (Abifarin, 2021). The design and
the results are shown in Table 3. Again, the probability-based multi-
objective optimization is used to conduct the assessment with hardness
and compressive strength as the beneficial type index. The evaluation
results are shown in Table 4.

Table 3 — Design and the results of HAp

Tabnuya 3 — Paspabomka u pe3ynbmamsl 2u0pokcuanamuma
Tabena 3 — lNpojekmosarbe u pesynmamu xudpokcuanamuma

No Pressure Temperature Hardness Compressive
°C Strength

1 0 900 0.54 0.39

2 0 1000 0.838 0.58

3 0 1100 0.940 0.84

4 5 900 0.656 0.34

5 5 1000 0.929 0.5

6 5 1100 1.103 0.69

Table 4 — Evaluation results of HAp
Tabnuya 4 — Pe3ynbmambl OUEHKU 2udpokcuanamuma
Tabena 4 — Pesynmamu oueHe xudpokcuanamuma

Partial preferable probability Total
No | Hardness Strength Pt*10? Rank
1 0.1079 0.1168 1.2596 6
2 0.1674 0.1737 2.9069 3
3 0.1878 0.2515 4.7225 1
4 0.1311 0.1018 1.3340 5
5 0.1856 0.1497 2.7781 4
6 0.2203 0.2066 4.5518 2
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Table 4 indicates that the optimal sintering parameters of natural
hydroxyapatite are at 1100°C and O compaction pressure.

3) Optimal design of a connecting claw jig

Yan et al conducted the multi-objective optimal design of a
connecting claw jig with ANSYS Workbench finite element analysis
software (Yan et al, 2021). The maximum equivalent stress (MPa) Y1, the
weight (kg) Yz, the minimum safety factor Ys; and the maximum
deformation (mm) Y, of the claw jig are taken as the optimization
objectives, while the thickness of the substrate FD; (mm) X1, the angle of
the connecting claw Al (°) x., the thickness of the connecting claw FD-
(mm) Xz, and the outside diameter of the jig base R1 (mm) x4 are taken as
the input variables.

After the simulation and the analysis, three candidate schemes with
good objective functions are selected by the system, as shown in Table 5.
The object Y3 is a beneficial type index, while Yi, Y2 and Y, are all
unbeneficial type indexes. The evaluation results are shown in Table 6.

Table 6 shows that the optimal scheme is scheme No 1.

Table 5 — Three candidate schemes of the connecting claw jig
Tabnuya 5 — Tpu 803MOXHbIE CXeMbI Kynadkoeol Mycbmab!
Tabena 5 — LLleme mpu kaHOuOama 3a KaHyacmy criojHuuy

. X1 x2 (°) X3 Xa Y1 Y2 v Ya
onginal | (mm) | ** (mm) | (mm) | (MPa) | (kg) ° | (mm)
scheme ™ "5g 79 38 325 | 151.22 | 6.176 | 1.6532 | 1.171

1 54.125 | 73.13 | 35.414 | 31.051 | 128.42 | 5.615 | 1.9467 | 0.923
2 48.125 | 73.77 | 37.982 | 32.395 | 143.31 | 5.577 | 1.7444 | 1.043
3 46.625 | 76.38 | 39.908 | 30.715 | 161.48 | 5.620 | 1.5482 | 1.375
Table 6 — Evaluation results of the connecting claw jig
Tabnuya 6 — Pe3ynbmamb! OUEeHKU Kyraykosol Mycbmb!
Tabena 6 — Pe3ynmamu oyeHa KaHyacme crojHuye
N Partial preferable probability Total
0.
Y1 Y2 Y3 Ya Pt*100 Rank
0.3700 0.3327 0.3716 0.3870 1.7697 1
0.3358 0.3349 0.3329 0.3532 1.3229 2
3 0.2942 0.3324 | 0.2955 0.2598 0.7507 3
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Conclusion

The application of the new probability-based multi—objective
optimization method in dealing with three optimal problems of material
engineering has shown that: the appropriate material (Cu) is successfully
selected, which meets the requirements of the optimizations of the bridge
of RF - MEMS shunt capacitive switches; the optimal sintering
parameters of natural hydroxyapatite are at 1100°C and 0 compaction
pressure; and the optimal scheme of the connecting claw jig is scheme
No 1. The main feature of the new probability-based multi—objective
optimization method is that the treatment is equivalent and conformable
for both the beneficial utility index and the unbeneficial utility index,
without any artificial or subjective scaling factors involved in the process.
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MPUMEHEHWE MHOIOLENEBOW ONTUMU3ALINWN,
OCHOBAHHOW HA BEPOSATHOCTW B MATEPVANOBEOEHN

MaoweHz Yx3H

CeBepo-3anagHbii MONUTEXHUYECKNA YHUBEPCUTET,
daKkynbTeT XMMUYECKOW UHXEHEPUN,

r. CnaHb, HapogHas Pecnybnuka Kutan

PYBPUKA TPHTW: 27.00.00 MATEMATUKA:
27.47.00 MaTtemaTtuyeckas KnbepHeTuka;
27.47.19 WNccneposaHue onepawmin,
45.00.00 SNEKTPOTEXHUKA:
45.09.00 OnekTpoTexHnyeckme matepuansl
BWO CTATbW: opurmHanbHasa Hay4yHas cTatbs

Pe3swome:

BeedeHue/uens: Hecmomps Ha mo, 4ymo cywecmsyem MHOXecmeo
memodos peweHusi npobnembl 8blbopa Mamepuana Ha OCHO8e
addumueHbIX afl2opummMmos, makue anzopummbl Mo ceoeli cymu
codepxam Hedocmamku U cybbekmueHble c¢hakmopsl. C uenbio
rnpeodoneHuss Hedocmamkoe amux memodos, HedasHO bbina
paspabomaHa MHO20KpumepuarsbHasi 8epOoSMHOCMHas
onmumu3ayusi, Komopasi esodum Ho8Y0 KOHUenuuro
npednoymumesibHol  8epPOsIMHOCMU,  10Ka3bi8aWyrd  CmerneHb
npednoymumenibHocmu kaHOulama & rpouecce onmumusayuu. B
OaHHOU cmambe Uucronb3yemcsi Hoebll mMemod 6 paspabomke
onmumarsibHol cxembl Mamepuana 08 €MKOCMHO20 WyHMUPYUu,e20
repekrroyamersns 8 paduo4yacmomHbIX MUKPO3IEKMPOMEXaHUYECKUX
cucmemax (P4 MOMC), napamempax crekaHusi rnpupoOHO20
eudpokcuanamuma, a makxe Ons onmumasbHolu pa3pabomku
Kyrnadkogol Mychmel.

Memodkl: Bce nokaszamernu rnonesHocmu mamepuasogs—kaHoudamos
Oenamcst Ha 08e 2pynribl, rof1e3Hble Unu He8bI200HbIEe OJis1 rpouecca

ombopa; Kakobil rokazamersib rnonesHocmu eHocum
KONU4YecmeeHHbIli  8kfiad 8  YaCMmUuYHyrlo  rpedrnoymumeribHyo
8EePOSIMHOCMb, a npou3ssedeHue 8cex YyacmuyHbIX

npednoqmumeanb/x eepo;-'lmHocmeC/ cocmasrisaem O6Luyi0

<



npedrnoymumersibHy0 8eposimHocmb KaHOudama, 4mo rnepesooum
npobrieMy  MHO20KpumepuasbHoU onmumusayuu 8 npobnemy
onmumu3auuu ¢ OOHUM Kpumepuem u npedcmasnsem cobol
YHUKabHbIU UHOEKC 8 rpouyecce KOHKYpCcHo20 ombopa.

Pesynbmampbi: Medb oOkasanacb n00X00sWUM MamepuasioM pu
ebibope Mamepuaros ons EeMKOCMHbIX wyHmMupyrowux
repekrroYamerniell 8 pPaduoYacmOMHbIX MUKPOISIEKIMPOMexaHU4YeCKuX
cucmemax (P4 MOMC); onmumarnbHbie napamempbl  CrieKaHusl
npupodHoz2o eudpokcuarnamuma — 1100° C npu Hynesom OaerieHuUU
CXKamusi, a onmumasibHOU CXeMoU POEKMUPO8aHUsi  Kyradykoeou
mymei sisrissemcsi cxema Ne.

Bbi800b1I: MHonKpumepuaanaﬂ onmumu3auus Ha OCHO8e
eepogmHocmeL“/ MOXXem  WUPOKO TMPUMEHAMbBCA rpu  rpuHamuu
06BLEKMUBHbIX peweHuE/ ornmumaribHbIX I'lpO6!76M 8
MamepeanoeedeHuu.

Knrouesble crosa: MHO20KpumepuasnbHasi onmumu3ayusi, meopust
gepossimHocmel, npednoymumersibHasi 8EPOSIMHOCMDb,
MamepuarnosedeHue, 8b160p CxeMmbl.

NPUMEHA BULWWEKPUTEPWUJYMCKE OMNMTUMN3ALMNJIE
3ACHOBAHA HA BEPOBATHORW Y TEXHONOINJU MATEPUJANA

MaoweHe LleHr
YHueepauteT CeBepo3anag, PakynteT xeMujcKor MHXeHepCTBa,
CwjaH, HapogHa Penybnuvka Kuna

OBJIACT: maTtemaTtuka, matepujanu
BPCTA UJTIAHKA: opyruHanHu Hay4Hu pag

Caxemak:

Yeod/uurb: UMako nocmoju mMHo2o0 mMemoda 3a pelwasaH-e rpobriema
cenekyuje Mamepujana 3acHO8aHUX Ha adumueHUM an2opummuma,
makeu anzopummu UHXEPEHMHO cadpxxe Hedocmamke U cybjekmueHe
gakmope. Padu npesasunaxera crnabocmu MoMeHymux memooa,
HedagsHO je passujeHa sulwekpumepujymcka onmumu3ayuja 3acHogaHa
Ha eeposamHohu Koja yeoOu HO8U KOHUenm roxesbHe eeposamHohe
Koju rokasyje cmerieH rioxesbHocmu kaHOudama rpu onmumusauuju. Y
o08oM paldy Kopucmu ce Ho8 Memo0d 3a u3gohere onmumariHe weme 3a
Mamepujan 3a KanauyumueHy CKIIOoMKy waHma y paduoghpeKkeeHUUjCKUM
MuKpoernekmpomexaHudkum cucmemuma (P® MEMC), 3a napamempe
cuHmeposar-a MpupoOHO2 XxudpoKcuanamuma, Kao U 3a OornmumasHO
rpojekmosar-e KaHylacme criojHuue.
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Memode: Csu nokazamesbu rnepghopmMaHcu KOpucHocmu mamepujana —
kaHOuGama Oejle ce Ha KOPUCHE U HEeKopucHe 3a cernekyujy. Ceaku
rokasamesb repgopmMaHcu KOpUucHOCMU K8aHmMumamueHo OOrpuHocu
OenuMuUYHOj NoxesrbHOj eeposamHohu, Aok rpou3sod ceux denuMuUYHUX
rnoxerbHUX 8epoeamHoha 4UHU YKYMHYy [OXesbHy eeposamHohy
KkaHOuOama, 4Jume ce npobremM 8ULIEKPUMEPUjyMCKe onmumusayuje
npeeodu y npobriem  jeOHOKpumepujyMcke  onmumusauyuje U
npedcmaerba jeQuHcmeeHU 00nydyjyhu UHOEKC y KoMIemumueHOM
npouyecy cenekyuje.

Pesynmamu: bakap ce rnokasao kao olzoeapajyhu mamepujan npu
cefleKyuju Mamepujana 3a KanauyumueHe CK/Ionke —waHma y
PaduohpeEKBEHUUJCKUM MUKDPOEIEKMPOMEXaHUYKUM cucmemuma (P®
MEMC). OnmumanHu  napamempu  CUHMepo8ara  pUpPodHo2
xudpokcuanamuma cy 1100C u Hynmu npumucak cabujarba, a
onmumarsiHa wema 3a rpojekmosar-e KaHjlacme CriojHuye jecme wema
6poj 1.

Sakrbyyak: BuwekpumepujyMcka onmumu3ayuja Ha ba3u eeposamHohe
MOXe ce jeOHOCmasHO rpuMeHUMU 3a ObjeKmueHO pewasar-e
onmumarsnHoa rnpobnema y mexHornoauju Mamepujana.

KbyuyHe peyu: euwekpumepujymcka onmumu3auuja, meopuja
eeposamHohe, noxesrbHa eeposamHoha, mexHosioauja Mmamepujana,
cesnekuuja wewme.
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Abstract:

Introduction/purpose: In the current literature, several dozens of vertex-
degree-based (VDB) graph invariants are being studied. To each such
invariant, a matrix can be associated. The VDB energy is the energy

(= sum of the absolute values of the eigenvalues) of the respective VDB
matrix. The paper examines some general properties of the VDB energy
of bipartite graphs.

Results: Estimates (lower and upper bounds) are established for the
VDB energy of bipartite graphs in which there are no cycles of size divi-
sible by 4, in terms of ordinary graph energy.

Conclusion: The results of the paper contribute to the spectral theory of
VDB matrices, especially to the general theory of VDB energy.

Keywords: vertex-degree-based graph invariant, vertex-degree-based
matrix, vertex-degree-based energy, energy (of graph).

Introduction

Let G be a simple graph with the vertex set V(G) and the edge set E(G).

If the vertices u, v € V(G) are adjacent, then the edge connecting them
is denoted by uv. The number of edges incident to a vertex v is the degree
of that vertex, and is denoted by d(v). The minimum and maximum vertex
degrees are denoted by § and A, respectively.

Let V(G) = {v1,v2,...,v,}. Then the adjacency matrix A(G) = [aj;]
of the graph G is the symmetric matrix of order n, whose elements are
(Cvetkovi¢ et al, 2010):

T
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1 ifvv; € E(G)
Qi5 = 0 if VU5 Q E(G) (1)
0 ifi=j.

If the eigenvalues of A(G) are A1, Aq, ..., \,, then the (ordinary) energy
of the graph G is defined as

n

E=E(G) =) |\l (2)

i=1

The theory of graph energy is nowadays elaborated in due detail (Li et
al, 2012; Ramane, 2020).

In the chemical and mathematical literature, a variety of vertex-degree-
based (VDB) graph invariants of the form

I=2(G)= > [(d(u),d(v)) (3)

uwweE(G)

has been considered, where f is a suitably chosen function, with a pro-
perty f(z,y) = f(y,z) (Kulli, 2020; Todeschini & Consonni, 2009).

These are usually referred to as topological indices. Of these, we list
here a few most popular and best studied ones:

<>



f(z,y) name of index type
T4y first Zagreb T
Ty second Zagreb T
22 + ¢ forgotten 0
Va2 Sombor 1
Ve+y nirmala T
1//zy Randi¢ 1
1/Ve+y sum-connectivity !
2/(z+y) harmonic 1
/22 +1/y? inverse degree 1
1/ /22 + 2 modified Sombor !
[(z +y —2)/(zy)]"/? | atom-bond-connectivity | ~
| — y| Albertson ~

The parameters x and y (being vertex degrees) always satisfy the con-
dition z > 1, y > 1. Bearing this in mind, we immediately recognize that
most VDB indices are either monotonically increasing (1) or monotonically
decreasing functions () of the vertex degrees. Only a few such indices do
not possess such a monotonicity property (~).

It should be noted that for practically all VDB indices of type 1 that exist
in the literature, the condition f(z,y) > 1 is satisfied for all values of = and
y that occur for the edges of graphs. Analogously, for practically all VDB
indices of type |, 0 < f(z,y) < 1 holds for all values of x and y.

Taking into account Eqgs. (1) and (3), we introduce the VDB matrix
AI(G) = [(az)ij] via

f(d(vi), d(vy) if viv; € E(G)
(aI)ij = 0 If vivj € E(G) (4)
0 ifi=j.

G
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If its eigenvalues are puq, o, ..., un, then the energy pertaining to the
VDB invariant Z, Eq. (3), is

Er =E1(G) = |l - (5)
=1

For recent works on the investigation of this class of graph-spectral in-
variants see (Das et al, 2018; Gutman, 2020, 2021; Gutman et al, 2022,
2021; Li & Wang, 2021; Shao et al, 2021).

Main results

A cycle of length p is a cycle consisting of (exactly) p vertices
v1,V2,...,Vp, SO that v; and v,y are adjacent fori = 1,2,...,p — 1, and
also v and v, are adjacent. As it is well known, a graph G is bipartite if and
only if all its cycles (if any) are of even length. In this paper, we prove the
results valid for bipartite graphs which do not possess cycles of a length di-
visible by 4. Let G be such a graph. Without loss of generality, we assume
that GG is connected.

Let the graph energy £ and the VDB energy &7 be the quantities defined
via Egs. (2) and (5), and let f be the function specified in Eq. (3). Let ¢ ad
A be the smallest and largest vertex degrees of G.

THEOREM 1. Let G be a bipartite graph with no cycle of size divisible by 4.
Then
f(8,0)E(G) < &2(G) < f(A,A) E(G)

holds for all V DB invariants in which the function f is monotonically in-
creasing and f(x,y) > 1 for all vertex degrees x and y. Equality on both
sides holds if and only if G is a regular graph, in which case § = A.

The examples of the VDB invariants for Theorem 1 are the above listed
first and second Zagreb, forgotten, Sombor, and nirmala indices.

THEOREM 2. Let G be a bipartite graph with no cycle of size divisible by 4.
Then
F(A,A)E(G) < &2(G) < f(0,6) E(G)

holds for all V DB invariants in which the function f is monotonically de-
creasing and 0 < f(xz,y) < 1 for all vertex degrees = and y. Equality on
both sides holds if and only if G is a reqular graph.

G



The examples of the VDB invariants for Theorem 2 are the above listed
Randi¢, sum-connectivity, harmonic, and modified Sombor indices, as well
as the inverse degree.

A tree is a connected graph with no cycles. Therefore, Theorems 1 and
2 apply to trees. For any tree 6 = 1, but Theorems 1 and 2 can be slightly
strengthened.

THEOREM 3. Let T be a tree with n > 3 vertices. Then
f(1,2)E(T) < &(T) < f(A,A)E(T)

holds for all V DB invariants in which the function f is monotonically in-
creasing and f(x,y) > 1 for all x,y. Equality on the left-hand side holds if
and only if n = 3.

THEOREM 4. Let T be a tree with n > 3 vertices. Then
f(AA)E(T) < &(T) < f(1,2)E(T)

holds for all V DB invariants in which the function f is monotonically de-
creasing and 0 < f(x,y) < 1 for all z,y. Equality on the right-hand side
holds if and only if n = 3.

In addition to trees, Theorems 1 and 2 are applicable to various classes
of cycle-containing graphs. Of these, of particular interest may be the
hexagonal systems (molecular graphs of benzenoid hydrocarbons) (Gut-
man & Cyvin, 1989). All their vertices are of degrees 2 and 3. The so-called
catacondesned hexagonal systems (= hexagonal systems having no inter-
nal vertices) are known to possess only cycles of size 4p + 2. For these
molecular graphs

f(2,2)E(G) < &2(G) < f(3,3) E(G) . (6)
or
f3,3)E(G) < &2(G) < f(2,2)E(G). (7)

depending on whether f(x,y) monotonically increases or decreases.
Hexagonal systems possessing internal vertices have cycles of size

4p , p = 3,4,..., and thus Theorems 1 and 2 are not applicable. We ne-

vertheless conjecture that estimates (6) and (7) are valid for all hexagonal

systems.
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In order to prove the above theorems, we need an auxiliary result, stated
below as Lemma 3.

Energy of a weighted bipartite graph

The main part of the results outlined in this section was reported in (Gut-
man et al, 2021). These are repeated here (in an abbreviated form) in order
to maintain completeness. Also, a few errors committed in (Gutman et al,
2021) are corrected.

Let G be a bipartite graph with n vertices. Let G, be obtained from G
by associating weighs to its edges, so that w;; is the weight of the edge
1j. Then the characteristic polynomial of G, is of the form (Cvetkovic et al,
2010)

G(Guy A) = A"+ ) (—1)F e(Gu, k) A2 (8)
k>1
whereas the energy of G, satisfies the equality (Gutman, 1977, 2020; Li et
al, 2012)

+o0
8(Gw):72r/dx In [1+Z (Gus k) ] )

0 k>1

Note that £(G,,) is a monotonically increasing function of any of the
coefficients ¢(G, k).
According to the Sachs theorem (Cvetkovic et al, 2010)

(D) e(Gu, k)= > (=179 24 (o) (10)

UGSQk(Gw)

where Si(G,) is the set of all Sachs graphs of G,, possessing exactly 2k
vertices, and where ¢ is an element of Sy;(G), containing p(c) compo-
nents, of which ¢(o) are cycles. The weight of the Sachs graph ¢ is equal
to the product of the weights of its components If the isolated edge ij is
a component of o, then its weight is w? o If a cycle Z is a component of o,
then its weight is the product of weights of the edges contained in Z.

LEMMA 1. (Gutman et al, 2021) If the Sachs graph o € So(G) # 0 does
not contain cycles whose size is divisible by 4, then

(=1)F (=1)P(@) 2¢(9) > ¢,

G



Proof. The Sachs graph ¢ has p(c) components. Let among them be ¢ >
0 isolated edges, whose total number of vertices is 2ry. Let o containr; > 0
cycles, whose total number of vertices is 4z +2 r; for some integer z. Thus,
2k = 2rg +4x + 271

Case 1: 2k is not divisible by 4. Then (—1)¥ = —1 whereas ro+r; = p(o)
is odd. Therefore, (—1)* (—1)P(?) > 0 and the claim of Lemma 1 holds.

Case 2: 2k is divisible by 4. Then (—1)¥ = +1 whereas rq + r1 = p(o)
is even, implying, again, (—1)¥ (—1)?(®) > 0. O

Lemma 1 has the following noteworthy consequences:

LEMMA 2.

(a) Let G, be an edge-weighted bipartite graph whose all cycles (if any)
have size not divisible by 4, and let the weights of all its edges be positive-
valued. Then for any Sachs graph o € Sor(Gy) # 0,

(=D)F (=1)P@) 2¢9) yy(5) > 0.

(b) Therefore, because of Eq. (10), the coefficients c(G.,, k) in Eq. (8) are
non-negative and are the monotonically increasing functions of the edge-
weights.

(c) Therefore, because of Eq. (9), the energy of the graphs G, is a mono-
tonically increasing function of the edge-weights.

From Lemma 2(c), we obtain the result needed for our proofs:

LEMMA 3. Let G, be an edge-weighted bipartite graph whose all cycles (if
any) have size not divisible by 4.

(a) If for all edges ij € E(G,,), the condition w;; > 1 holds, then £(G.,) >
E(G). Ifw;; > 1 for at least one edge ij, then £(G,,) > £(G).

(b) If for all edges ij € E(G,), the condition w;; < 1 holds, then £(G,,) <
E(G). Ifw;; < 1 for at least one edge ij, then £(G,,) < £(G).

(c) Ifin both cases (a) and (b), w;; = w holds for all edges ij € E(G,), then
E(Gy) =w&(Q).

Proof of Theorems 1-4

The adjacency matrix Az(G), Eq. (4), could be viewed as the ordinary
adjacency matrix of an edge-weighted modification of the graph G. There-
fore, if the condition f(d.,,d,,) > 1 holds, and if f(x,y) is an increasing

G
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function for x > 1 and y > 1, then the lower bound of Theorem 1 follows by
Lemma 3 if all f(x,y) are replaced by f(d,d). The upper bound is obtained
if all f(x,y) are replaced by f(A, A).

The proof of Theorem 2 is analogous.

Theorems 3 and 4 are based on the fact that no tree with n > 3 vertices
is a regular graph. The only tree having two adjacent degree-one vertices
is the two-vertex tree. Therefore, for trees with 3 or more vertices, the
minimal (resp. maximal) value of f(z,y) is f(1,2).
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B[O CTATbW: opurnHanbHas Hay4Hasi cTaTbs

Pesrome:

BsedeHue / uenb: B Hoselwel numepamype usydaromcs Oe-
CAMKU UHBapuaHmoe 2pagho8, OCHOBaHHbIX Ha cmereHu eep-
wuH (VDB). K kaxxdomy makomy uHeapuaHmy Moxem ripucoedu-
Humbcst Mampuuya. OHepeusi VDB - amo sHepaus (= cymma ab-
COMMIOMHbIX 3Ha4eHUl cobCcmeeHHbIX 3HadeHul) coomeemcmey-
roweti mampuubi VDB. B 0aHHOU cmambe uccriedyrmcsi HEKO-
mopbie obujue ceolicmea VDB-aHepauu 08y00sbHbIX 2paghos.
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Bbi800s1: Pe3ynsmamsl cmambU 8HOCSM eKrad @ criekmparib-
Hyto meopuro mampuy, VDB, a ocobeHHO 8 obwyro meoputo
aHepauu VDB.

Knrouessle criosa: uHgapuaHm epagha 0CHO8aHHbIU Ha cmerneHu
8epLWUHbI, Mampuya 0CHOBaHHasi Ha CMerneHuU 8epUUHbI, IHEp-
2usi OCHOBaHHasi Ha cmerneHu 8epuwUHbI, IHepausi (2paga).

MPOLIEHA EHEPIMJA SACHOBAHNX HA CTEMNEHVMA
UBOPOBA

UeaH N'yTmaH
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eHepeuje.
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meopuju VDM mampuua, a nocebHo onuwimoj meopuju VDB
eHepeuje.

KrbyyHe peyu: uHeapujaHma 3acHosaHa Ha cmerneHumMa 4eopo-
8a, Mampuya 3acHog8aHa Ha cmerneHuMa 48opoea, eHepeauja 3a-
CHOBaHa Ha cmereHumMa 4eopoesa, eHepeauja (epagha).
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Abstract:

Introduction/purpose: The aim of this paper is to present the concept of
b(a,.,3,)-hypermetric spaces.

Methods: Conventional theoretical methods of functional analysis.
Results: This study presents the initial results on the topic of b, .-
hypermetric spaces. In the first part, we generalize an n-dimensional
(n > 2) hypermetric distance over an arbitrary non-empty set X. The
b(a.,,,..)-hyperdistance function is defined in any way we like, the only
constraint being the simultaneous satisfaction of the three properties, viz,
non-negativity and positive-definiteness, symmetry and («.,,, 3, )-triangle
inequality. In the second part, we discuss the concept of (a,, ,)-
completeness, with respect to this b, g, )-hypermetric, and the fixed
point theorem which plays an important role in applied mathematics in a
variety of fields.

Conclusion: With proper generalisations, it is possible to formulate
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well-known results of classical metric spaces to the case of b, s~
hypermetric spaces.

Key words: b, s,.)-hypermetric spaces, G-metric, fixed point.

Introduction

In human effort to describe the surrounding world, the concept of dis-
tance has long been fundamental. Our intuitive understanding of distance
as an exact value may however differ from its mathematical definition and
its properties. If one is to include the measurement error, encountered in
real life attempt to measure the distance between two objects, the distance
will be defined as an interval. This is, for example, where we may come
across a set-valued distance function. This approach will in fact be our
main motivation for presenting a generalized concept of the distance as a
set-valued function in this paper.

The notion of 2-metric spaces, as a possible generalization of metric
spaces, was introduced by Gahler (Gahler, 1963). The 2-metric d(x, y, z)
is a function of three variables, and Gahler geometrically interpreted it as
an area of triangle with vertices at = , y and z respectively.

B. C. Dhage, in his PhD thesis (1992), introduced the notion of D-metric
(Dhage et al, 2000) spaces that generalize metric spaces. However, most
of the claims concerning the fundamental topological properties of D-metric
spaces are incorrect, as shown in 2003 by Mustafa and Sims (Mustafa &
Sims, 2003). This led them to introduce the notion of G-metric spaces
(Mustafa & Sims, 2006), as a generalization of the metric spaces. In this
type of spaces, a non-negative real number is assigned to every triplet of
elements.

The G-metric spaces were generalized to universal metrics by Dehghan
Nezhad et al, in a series of papers (Dehghan Nezhad & Aral, 2011; De-
hghan Nezhad & Khajuee, 2013; Dehghan Nezhad et al, 2017; Dehghan
Nezhad et al, 2021; Dehghan Nezhad & Mazaheri, 2010). The interpre-
tation of the perimeter of a triangle is applied, but this time on G-metric
spaces. Since then, many authors have obtained fixed point results for G-
metric spaces.

In an attempt to generalize the notion of a G-metric space to more than
three variables, Khan first introduced the notion of a K-metric, and later the
notion of a generalized n-metric space( for any n > 2) (Khan, 2012, 2014),
in 1975. He also proved the common fixed point theorem for such spaces.
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Bakhtin (Bakhtin, 1989) and Czerwik (Czerwik, 1993) generalized the
structure of metric space by weakening the triangle inequality and called it
the b-metric space. In 2017, Kamran et al. (Kamran et al, 2017) introduced
the concept of extended b-metric space by further weakening the triangle
inequality. For more details also see (Agarwal et al, 2015; Debnath et al,
2021; Kirk & Shahzad, 2014; Todorcevic, 2019). Also, for a broader per-
spective on extended b-metric spaces, dislocated b-metric spaces, rectan-
gular b-metric spaces, b-metric like spaces, and applications see (Younis
et al, 2021a,b,c; Younis & Singh, 2021).

The main purpose of this paper is a generalization of universal metric
spaces into b, 3,)-hypermetric spaces of the n-dimension.

REMARK 1. An ordered ring is a (usually commutative) ring R with a total
order < such that for all a, b, and c in R:

i)ifa <b,thena+c=<b+c

ii)if0 <aand 0 <b,then0 < a-b.

We denote R a set of non-negative elements of R, namely Rt := {g €
R:0=<g}.

The concept of a b-metric space is initiated by Bakhtin (Bakhtin, 1989)
and later used by Czerwick (Czerwik, 1993).

DEFINITION 1. (Czerwik, 1993) Let X be a non-empty setand d, : X x X —
[0, +00) be a function satisfying the following conditions:

(b1) dy(x,y) =0 ifand only if z = y,
(b2) dy(x,y) = dy(y, ), for all z,y,z € X,
(b3) dy(x,y) < s(dp(x,2) + dp(2,y)) forall x,y,z € X, where s = 1.

The function dy is called a b-metric and the pair (X, dy) is called a b-
metric space.

EXAMPLE 1. (Berinde, 1993) Let X = [,[0,1] be the space of all real

functions ¢(t) with ¢t € [0, 1] such that fol lp(t)|P < oo with 0 < p < 1.
Define d, : X x X — [0, +00) as:

do(9,¢) = </01 |p(t) — (t) ypdt)

Therefore, (X, d;) is a b-metric space with s = 25,

o



REMARK 2. (Czerwik, 1993) The class of the b-metric space is larger than
the class of the metric space. When s = 1, the concept of the b-metric
space coincides with the concept of the metric space.

In the following we recall the definition of the extended b-metric space.

DEFINITION 2. (Kamran et al, 2017) Let X be a non-empty set and r : X x
X — [1,+00). A function d, : X x X — [0,400) is called an extended
b-metric if for all x,y, z € X it satisfies the following conditions:

(b1) d.(x,y) =0ifand only if x =y,

(b2) dr(x7 y) = dr(ya Jj);

(b3) dr(x,y) < r(x,y)(dr(z,2) + dr(2,9))-

The pair (X,d,) is called the extended b-metric space.

Main results

The goal of this section is to describe a few properties and the results
of the b(,, 3,)-hypermetric spaces of the dimension n.

b(a,,3.,)-NyPErMetric spaces of the dimension »

Now we first recall and introduce some notation. For n > 2, let X"
denote the n-times Cartesian product X x ... x X and R be an ordered
—_———
n—times
ring. Let P*(R) denote the family of all non-empty subsets of R. We begin
with the following definition.

DEFINITION 3. Let X be a non-empty set and «,, [, : X" — [1,4+0).
Let Uy, 5,) : X® — P*(R") be a function that satisfies the following
conditions:

(U1) U(a"ﬂ")(ml, Ce ,.%'n) = {0}, if.%'l = ... = XTnp,
(U2) U, gy (71, 20) 2 {0}, for all xq, ..., z, with z; # z;, for some
iaj € {L"'an};

(U3) Ua, gy (@15 s 2n) = U, p)(@r,s - 7r,), for every permuta-
tion (71'(1), ,W(n)) Of(l,?, ...7n),

(U4) [U(a"ﬁ”)(xl, Ty yTp—1, xn_l) Q U(a7W37L)(x1, T2y vy Tp—1, .’I}n), for

all z1,...,z, € X,
(210
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(US) Ua, gy (71, T2, -, o0) € an(z1, 72, ...y 20) - Ugg, 8,y (21,0 ..., a)
+ Bu(x1, 72, .. s Tn) - Ugq, gy (@, T2, o), forall zq, ... xn,a € X,

Let A; be the subsets of X, (i = 1,...,n), forany D, D’ € P*(R*) and
a € RT. We define

[U(amﬁn)(Alv"'aAn) = U{Un(l‘l,. . .,.Cl:n) ‘ i €A, i=1,... ,n},

D+D ={d+d|deD,d eD}anda-D={a-d|de D,acR"}.

We shall use the following abbreviated notation: The function U, is
called an ordered b(,,, g,)-hypermetric ring of the dimension n, or more
specifically a b, g,)-hypermetric on X. The pair (X,U,) is called an
b(a,.,8,)-Nypermetric space.

For example, we can place R = Z9 or R}, where Z% := NU {0} =
{0,1,2,...} and RY := [0, +00). In the sequel, for simplicity we assume

that RT™ = Ri. The following useful properties of a b,-hypermetric are
easily derived from the axioms.

REMARK 3. If a, (21,22, ...,2n) = Bu(z1,22,...,2,) = cforc>1and n =
1, then we obtain the definition of a b-metric space (Czerwik, 1993). It is
clear that for ¢ = 1, this b-metric becomes a usual metric.

PRoPOSITION 1. (Example) Let X = [0,1] and aa, B2 : X X X — [1,+00),

with co(x,y) =1+ ﬁ,ﬁg(x,y) =1+ $3_y. Define

Fu,p 1 X x X — P*(RY)
with,

1, 25) ;owye (0], x#y
Flas ) (2,9) = ¢ {0} ;oz,y€f01], z=y
Flass)(¥2) = [1,3) 3 y=0,2z€(0,1]
and also assume A+ B = AU B, forall A,B C P(RY}). Then (X,F(,, s,))
Is a b, s,)-hypermetric space.

Proof. 1t is sufficient to show that F,, 5, is satisfied in all properties
(U1),(U2),...,(U5) . The proofs of (U1),...,(U4), follow immediately

o



from the definition of F,,, 5,). We only need to show thatF,, 5,) is satisfied
in

F(ag,ﬁg)(xa y) C aQ(:’Ua y)'F(ag,Bz)(J:a Z) + ,82($, y)']F(a2,62)(Z’ y)a VIE, Y,z € X.
We distinguish the following cases:

(i) Let z,y € (0,1] For z € (0,1], we have
F(QQ,BQ)(x7y) g QQ(I, y)‘]F(OtQ,Bz)(x’ Z) + /62(m7y)']F(a2,52)(Z’y) If and

only if

[17 xly) g (12 + x—}ry)[o, 1) 1+ (1 + F5)0,5;) if and only if
if and onIy if [1, xi) C (ﬁgf)[o, v)ifand only if 2 <2+ +y.

If = = 0, then Fla, ) (,y) € ao(w,y)Fia,ps,)(x,0) +

B2(7,y) . F(a,,8,)(0,9)

if and only if [1, i) C(1+ ﬁy)[o D+ (+ m)[ ) if and only if
[1,25) S

(1 52.)((0, 1)+ (0, 1)) fand only f[1, 1) C (422 =)
ifandonlyif2 <2+ 2 +y.

T+y T T+y ’xy
(i) Forz € (0,1 and y = 0, let z € (0, 1],
F(as,8,)(7,0) € aa(z,0).F(qo, g,) (2, 2) + Ba(,0).F(q, g,)(2,0) if and only
if
[1,1) € (B3)[0, 35) + ()0, 1) ifand only if [1, ) € (2££)([0, ) +
[0,1))ifand onlyif [1, 1) C (£t )[0 ztl)ifand only if 2z < (z+1)(z +
2).

(iii) Let x,y € [0,1], = = y. Obviously, F(,, g,) is satisfied in (U5).

Hence (X, F(q4,,)) IS @ b(a, 5,)-hypermetric space. O

PROPOSITION 2. Let (X, Uy, 3,)) be a b, s, -hypermetric space, then for
any xi1, ..., zn,a € X it follows that:

(1) IfU an,ﬁn)(xl’ oy xpn) = {0}, thenzqy = ... = x,,

(2) Ut 5,) (@15 2n) D705 U, 8,y (@15 e 71, 75),
(3) Uta,, ) (@1, s 2n) € 3701 U, 5. (25, @, oy 0),

(4) U(%“m)(:cl,xg, ey 2) € (0 — l)U(a”ﬁ")(xl, ey T1,X2).

PrRoPosITION 3. Let (X,U(,, 5,)) be a b, 3, -hypermetric space, then
{O} - [U(Dln,,@n)(w17 ,l‘n) for all Ti,...,Tn € X.

Cm
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Proof. By condition (U4) of the definition of a b, 3,)-hypermetric space,
we have

{0} = U(%ﬂ")(:vl, ...,l‘l) - U(an,ﬁn)(xla ,:L‘n)
[

PROPOSITION 4. Every b, g,)-hypermetric space (X,U,, g,)) defines a
b(as,3,)-hypermetric space (X, U, 3,)) as follows:

[U(ozz,,b’g)(xa y) = U(an,ﬂn)(wv Yy ... 7y) + U(a,“,B,L)(y? Tyonny JJ);VJ}, (TS X.

Proof. Note that (U1),...,(U4) trivially hold. We only need to show that
Ula,,5,) is satisfied in

U(ag,ﬁz)(m7y) - a2(x7y)'U(a2,[32)<$7 Z) + 62(.’1],y).U(a2752)(Z,y),vaﬁ, Y,z € X.

By setting
ag(z,y) = max{an(z,y,....,y), an(y, z, ..., z)}
and
/82(.'137 y) = ma’x{/@n(w7 y7 cey y)? /Bn(ya .T7 ey .’IZ’)}
This completes the proof. O

PROPOSITION 5. Let e be an arbitrary positive real number, and (X, d) be a
metric space. We define an induced b, s, -hypermetric

. * (0
?062752) X x X — P*(RY)

(d(z,y) —e,d(z,y) +e) U{0}; = #y,d(z,y) > e
Ule, )@ ) = (d(z,y) —e,d(z,y) +¢) NRY; z#y,d(z,y) <e
{0}; x=yord(z,y) =e.

Then (X, Ufaz’ 52)) Is a by, p,)-hypermetric space.

Quotient b, 5 )-hypermetric space

Let (X, U(q,,8,)) b€ @b, g, -hypermetric space and X be a partition of
X. For each point p € X, we denote p a point in X containing p, and we
denote the equivalent relation induced by the relation by ~.

>



DEFINITION 4. Let (X,U,, 5,)) be a by, s,)-hypermetric space. Let
pi,...,pn € X, and consider pi,....p, € X. A quotient b, s.)-
hypermetric of points of X induced by U, 3,) is the function

@(amﬁn) : )A(:n — P*(Rg_)
given by N
U(an,ﬁn)(ﬁla v 7571) - ﬂ U(amgn)(pl, e ,pn).
Pi€Di
PROPOSITION 6. The quotient b, s, -hypermetric induced by U, 3. IS
well defined and is a b, 5, -hypermetric on X.

Proof. I[Nj(a"ﬁ") is satisfied in all properties (U1), till (U4),

Ua,,8.) @015+ 5Pn) € U, 3,150, -+ 9) + Uga,, 3.)(@, D2, - - -, Dn)

ﬂ U(%ﬁn)(pl’ .yDn) C
p;€P;
ﬂ <U(Oén,ﬁn)(pl7 G- ,Q) + U(“mﬁﬂ)(Qava cee ,pn)>
p;eP;
q€q

= ﬂ U(an,ﬁ")(pla q,... 7q) + ﬂ U(an,ﬁn)(Qaan s 7pn>
PiEﬁi pieﬁi
q€q q€q

= ﬂ <U(an,gn)(p1,q,---,q)+U(an,5n)(q,p2,---,pn)>.
pieﬁi
q€q

O

Let (X, U, 3.)) be a b, s, -hypermetric space of a dimension n >
2. For any arbitrary a in X, define the function Uy, , 5, ,) on X" ! by
U(a'rL—ly/B'nfl)(xl’ ce ,1'“_1) = U(amﬁ”)(xl, ey -1, a).
Then we have the following result.

G
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PROPOSITION 7. The function U, , s, ,) define a b, , g, ,)-hypermetric
on X.

Proof. We will verify that U, , 3, ,) satisfies the five properties of a
b -hypermetric. O

an—176n—1)

PRoPOSITION 8. Let IT : X — Y be an injection from a set X to a set
Y. fUpq,p5,) : Y" = P*RY) is a b, g, -hypermetric on the set Y.
Then U, g,) : X" = P*(RY}), given by the formula U,,, g.y(x1,...,2s) =

U(anﬁn)(ﬂ(ml),...,H(a:n)) forall x1,...,2, € X, is a b(a,3,)-hypPErMetric
on the set X.

PROPOSITION 9. Let (X, U, 3,)) be any b, g, -hypermetric space and

n

A € RY. Then (X, U(Aan 5,)) is also a b, ,)-hypermetric space where
U?an,ﬁn)(‘rl’ sy ) = {AN[0,N)|A € Uy, g,y (15, 70) }-

So, on the same X many intances of the b, g, -hypermetric can be
defined, as a result of which the same set X is endowed with different
metric structures. Another structure in the next proposition is useful for
scaling the b, 3,)-hypermetric, so we need the following explanation.

For any non-empty subset A of R?, and A € Rt we define aset \- A to
beX-A:={X-alac A}

ProposITION 10. Let (X,U,, 3,)) be any b, s, -hypermetric space.
Let A be any positive real number. We define [Uf\an Bn)(xl’ cey ) =

AU, 8.) (1, sz0).  Then (X, U(Aamﬂn))is also a b, g, -hypermetric
space.

A sequence {z,,} ina b, 3, -hypermetric space (X, U, 3,)) is said to
converge to a point s in X, if for any € > 0 there exists a natural number N
such that for every my,...,m, 1 > N

U(an,ﬁn)(‘rm17 sy xmn71 ) S) g [07 6)7

then we shall write

lim U(an,ﬁn)(mmﬁ s Ty, s S) = {O}

M yeeeyMyy —1 —>400
()



We shall say that a sequence {z,,} has a cluster point x if there exists
a subsequence {x,,, } of {z,,} that converges to x.

PrRoPOSITION 11.Let (X,U,, 45,)) and (X', U(am 5.)) be two b, 5.
hypermetric spaces. Then a function T : X — X' is b, g,)-continuous
atapointz € X, ifand only ifitis b,, g, -sequentially continuous at x; that
is, whenever sequence {x,,} is b, g,)-convergent to x one has {T(z.,)}
is Ua, p,)-convergent to T'(z).

DEFINITION 5. Let (X, Uy, 3,)) be @b, g, -hypermetric space, and A C X.
The set Aisb(,, s,)-compact if for every b, g,\-sequence {x,, } in A, there
exists a subsequence {xy, } of {x,,} such that b, s, -convergences to

some xg € A.

PROPOSITION 12. Let (XU, 5,)) and (XU, ) be two b, g,)-
hypermetric spaces and T' : X — X' a b(,, g,)-continuous function on
X. If X is b, g, -compact, then T'(X) is b, g,)-compact.

DEFINITION 6. Let (X,U(,, g,.)) be a b, 3,)-hypermetric space, then for
zg € X, r >0, the b, g,)-hyperball with the centre x, and the radius r is

BU((,(HYBH)(J:O’T) = {y € X: U(an,ﬂn,)(xO)y) )y) g [O’T)}

PROPOSITION 13. Let (X, Uy, ,)) be a b, g, -hypermetric space, then for
o€ X, r >0,

(i) fU(q, g,) (0, 22, .., ) C [0,7), then xa, ..., x, € By, ,. (zo,7),

(i) If y € By,.,, , ,(xo,7), then there exists, 6 > 0 such that By, , (y,0) C
BU(anﬁ,,,>(x0’ T‘).

PROPOSITION 14. The set of all U, 3,)-balls, B, = {Buy,,, , (7,7) : x €
X,r > 0}, forms a basis for a topology T (U, 5,)) on X.

n

DEFINITION 7. Let (X,U(q, 3.)) be a b, s,)-hypermetric space. The se-
quence {z,} C X is b, 3,-convergent to z if it b, g, -converges to x in
the b, s,)-hypermetric topology, T (U, 3.))-

PROPOSITION 15. Let (X, U, 3,)) be a b, ,)-hypermetric space. Then

n

for a sequence {z,,} C X, and a point z € X the following are equivalent:
(1) {zm} is Ua, g,)-convergent to z,
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(2) Ua, 8,)(@ms s T, ) — 0, @and
(3) U(%ﬁ")(aﬁm,x, ceyx) = 0.

DEFINITION 8. Let (X,U(q, 6,)), (Y;V(a, 8,.)) be universal hypermetric
spaces of the dimensions n and m respectively; a functionT : X — Y is
D(aun,B.),(m 3. ) -CONtINUOUS at the point zy € X, ifT—l(BV(amﬂm) (T(z0),7)) €
T(Uy), forall r > 0.

We say [ is b, 8,),(am,8..)-CONtINUOUS If it iS by, 3. (am,5,.)-CONtINUOUS

at all points of X; that is, continuous as a function from X with the
T (Uta,, 3.))-topology to Y with the T (V 4, 5,.))-topology.

In the sequel, for simplicity we have assumed that n = m. Since b, g,)-
hypermetric topologies are metric topologies, we have:

DEFINITION 9. Let (X, U, 3,)) and (Y, V,, 3.)) be two b, 3. \-hypermetric
spaces and T : (X,U(,, 5,)) — (Y,V(a,z,)) be a function. The func-

tion f is called b, g, -continuous at a p"oint a € X if and only If,
for given ¢ > 0, there exists 6 > 0 such that x1,...,2,1 € X
and the subset relation U, g.)(a,21,...,2,—1) € [0,0) implies that

Vians)(T(a), T(z1),...,T(xn-1)) € [0,¢).

A function f is b, g,)-continuous on X if and only if it is b, g,)-
continuous at all a € X

PRoPOsITION 16. Let (X, U, 3.)): (Y:V(a,3.)) b€ b, s, -hypermetric
spaces, a function T : X — Y is b, g,)-continuous at point x € X if
and only if it is b, 3,)-Sequentially continuous at x; that is, whenever the
{xn} is b, 5,)-convergent to x we have (T(zy)) is b, ,)-convergent to

T(x). '

PROPOSITION 17. Let (X, U, 3,)) be a b, s,)-hypermetric space. Then
the function
Ua, 8.)(21, 22, ..., 2n) IS jointly b, .)-continuous in all n of its variables.

DEFINITION 10.A map T : X — Y between b, 3, -hypermetric
spaces (X,U, ,) and (Y,U, ,,) is an iso-hypermetric when

anw
U, 8.) (@150 Tn) = U(an 5n)(T(x1), vy T'(zy)) forall xy,. .. ,z, € X. Ifthe
i$0-b(q, s, -hypermetric is injective, we call it iso-b,, s,\-hypermetric em-

&>



bedding. A bijective iso-b,,, s, -hypermetric is called a b, g, -hypermetric
isomorphism.

Fixed Point Theorem in b, 5 )-hypermetric spaces

In a b, s,)-hypermetric space, the concepts of basic topological no-
tions, such as: b, g,)-Cauchy sequence, b, s, -convergent sequence
and b(,,, s,)-complete b, s,.)-hypermetric space can be easily adopted as
shown below. We discuss about the concept of b, g,)-completeness of
b(a,.,.)-Nypermetric spaces.

DEFINITION 11. Let (X, U(q, ,)) bé a b, 3, -hypermetric space, then a se-

quence {r,,} C X is called b, 3 \-Cauchy if for every ¢ > 0, there exists
N € Nsuch that U, 5,)(Tm,s Tmys -+, Tm, ) < € for all my, ma, ...,mp > N.

The next proposition follows directly from the definitions.

PROPOSITION 18. In a b, 3,)-hypermetric space, (X,U,, g,)), the follow-
ing are equivalent.

(i) The sequence {xy,} is b, 3,)-Cauchy.

(ii) Forevery e > 0, there exists N € N suchthat U, 5 \(%1, Tm; ..., Tm) <
g, foralll,m > N.

(i) {xm } is @ Cauchy sequence in the metric space (X, dy,,, , ,)-

COROLLARY 1. (i) Every b, s, -convergent sequence in a by, 3"
hypermetric space is b, ,)-Cauchy.

(i) If a b, s,)-Cauchy sequence in a b, g, -hypermetric space
(X,U(a,,3,)) contains a b, 3, -convergent subsequence, then the se-

n

quence itself is b, 3,)-convergent.

DEFINITION 12. A b, 3,)-hypermetric space (X, U, 3.)) is called b, 3 )-
complete if every b, 3, -Cauchy sequence in (X,Uq,, 3,.)) IS b, 8.)-
convergent in (X, U, g,))-

PROPOSITION 19. A b, 3,)-hypermetric space (X,U, 3.)) IS b, 8,)"

n

complete if and only if (X, dy,, , ) is a complete metric space.

DEFINITION 13. Let (X,U,, 3,)) and (Y, U(an 5. be two b, g -
hypermetric spaces. A function f : X — Y is called a b,,, g,)-contraction

G
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if there exists a constant k € [0,1) such that U, (f(x1), .o, fzn)) =
(an,Bn)
k‘U(amﬁn)(ZL‘l, woxy) forall zy, ... x, € X.

It follows that f is b(,, s,)-continuous because; U, 3.)(71, .., Tn)

n

[0,0) with & # 0 and ¢ := ¢/k implies U(an,,an)(f(l’l)v oy f)) C [0, €).

N

THEOREM 1. Let (X, U, 3,)) be @b, g, -complete space andletT : X —
X be ab,, ,)-contraction map. Then T has a unique fixed point T'(z) = x.

Proof. We consider z,,+1 = T'(z,,), with 2y being any point in X. By re-
peated use of the («a,, 8,)-rectangle inequality and the application of the
contraction property, we obtain

U(an,ﬁn)(xﬂu Tl Tma1) C kmU(an’ﬁn)(xo, Tiy...,T1)

for all m, s; € Nwhichm < s; and k£ € [0,1). It follows from the above that

U(amﬁn)(.f[?m, Tsyy.o- 7x81) - FlU(an,ﬁn)(xma Tm41y- -5 Tmt1

+2U(q,, 8,) (Tmt 1, Tmt2, - - 5 T2

+... .+ Fsl—mU(amBn)(x&—la Lsyye-vsLs,

)
)
+F3U(an75n)(xm+2, Tin43y -+ Tm+3)
)
CT(E™+ k™ 4+ ksl_l)U(anﬂn)(l‘o, Tly...,T1)

k™M1 — ksimm
= F(l_k)U(amB”)(xo, Tlyeo- ,xl)
where I'; = ap (T, sy, - -+, Ts, ),
Ty = Bn(Tm, Tsyy -3 Tsy) - Ty Tt 1y« + 5 Tl )y o

and I' = max{I'y, 'y, ..., _p,} for all ,,, ..., x5, € By, , (zo,7).

Then we have

lim U(amﬁn)(ﬂjma Lgysee :Esl) = {0}

m,81 — +00
since
k(1 — k5™
lim  pAL R

m, sy — 400 1—-k

Ula, ) (0, 1, - . 21) = {0}.
Form < s; <s9 € Nand (U5) it implies that

Ul ) (Tms Toys Ty -+ Tsy) C

G



(T, Ty Tsy 5 Ty ) Ui, 8,) (Tms Ty -5 Ts,)

+Bn (T, sy, T,y - - - ,3352)U(amﬁn)(xsl,x52, cey Tsy),

now taking a limit as m, sy, ss — +00, we get
U, ) (Tms Ty Tsy - -, Ts,) — {0}
Now form < s; < sy < ... <s,_1 € N, we will have
U, 8.)(@ms Tsys - Ts, ) = {0};  whenever, m,s1,...,8,-1 — +00,

then {z,,} is a Cauchy sequence. By completeness of (X,U,, 3,)), there
exists @ € X such that {z,} is b, g,)-convergent to a. It follows that the

n

limit z,,, is a fixed point of T" following the b, g,)-continuity of 7', and

n

Ta=T lim z,= lm Tz,= lim =z, =a.
m—+00 m—+00 m—+00

Finally, if a and b are two fixed points, then

{0} C Ui, 5. (@b, ..., b) = U(QTLﬁTL)(T(a),T(b),...,T(b))
C kUi, 5, (@b,...,b).

We conclude from k < 1 that U, (a,b,...,b) = {0}. Consequently, a = b
and the fixed point is unique. O

Conclusion

The objective of this paper is to bring about the study of b, 3.)-
hypermetric spaces and to introduce certain fixed point results of mappings
in the setting of b, 3,)-hypermetric spaces. This study presents the ini-
tial results in this topic and more refined results can be derived in the near
future. Also in the future, we will consider engineering applications of the
considered topic.
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Abstract:

Introduction/purpose: Some sums of the polylogarithmic function asso-
ciated with harmonic numbers are established.

Methods: The approach is based on using the summation methods.

Results: This paper generalizes the results of the zeta function series
associated with the harmonic numbers.

Conclusions: Various interesting series as the consequence of the ge-
neralization are obtained.

Key words: polylogarithmic function, series, harmonic numbers, integra-
tion.

Introduction and preliminaries

The polylogarithm is a function in mathematics which was investigated
intensively by many mathematicians. Many of them used different defini-
tions but the one we use is the standard modern definition. For more in-
formation about the polylogarithm as a function consult the following book
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(Lewin, 1981). Questions about sums and their evaluations trace back to
ancient times. Even the great Euler concerned himself with evaluating the
¢(2) known as the Basel problem, which was later generalized by him in
view of finding a formula for even zeta values. More on various sums and
evaluations can be found here (Hirschman, 2014; Knopp, 1990; Stojiljkovic,
2021; Davis, 2015). We will use the following notation throughout the pa-
per. The first known definition is as follows.

DEFINITION 1. The polylogarithm, see (Lewin, 1981), is defined by a power

series in z, given by
+00 L

. z
Lis(z) = Z R
k=1

This definition is valid for the arbitrary complex order s and for all complex
arguments z with |z| < 1. We will also need the definition given by

Lis(z) = /OZ LiS_il(z)dz.

z

Also, the special case we will use frequently is

Lig(z) = —/OZ ml=2),,

z

For z = 1 we get the Riemann zeta function { which is also a function of the
complex variable s. For more information see (Edwards, 1974; Fabiano,
2020).

+00 1
UJU:C@>:§ZEQ%@)>1
k=1

The second definition is as follows.

DEFINITION 2. The harmonic numbers, see (Olaikhan, 2021), are defined
as follows

11 1
Hy =1+ >4+ ..+
=l g ot

forn > 1 and by definition Hy = 0

The main results of this paper are the following.

>



Theorem 1. Let Lis(z) denote the polylogarithmic function. Then the
following equality holds for |z| < 1

k

ng <Li8(z)—z_..._zs> _

/1 Lis—1(z) — Lis—1(zm) + z2m — z
0

d
1—m m

—Lis—1(2) + =.

Theorem 2. Let Lis(z) denote the polylogarithmic function. Then the
following equality holds for |z| < 1

+o0 2 k

¥4 z
> kHy (Lig(z) —2— — — - — =) =
ot k< 1(Z> z 25 ks)

% (Lis_l(z) — LiS_Q(Z)) +
1 ' Lis_o(2) 4+ Lis_1(2m) — Lis_1(2) — Lis_2(2m)
/

2 1—m

dm

2

Theorem 3. Let Lis(z) denote the polylogarithmic function. Then the
following equality holds for |z| < 1

+oo 22 Zk
> (Lis(z)z% k) =
k=1

1 Lis—1y(2)—2z—(Li(s—1)(2t)—2t 1 Ligs—1y(zm)—zm—(Lis—1)(zmr)—zmr
/1 fo (=1 (2) 1(—t( ) (2t) )dt_fo (s=1)(2m) 1(4( ) (zmr) )drdm
0 (1 —m)?
11, — 2 — (Li _
_/ i(5)(2) — 2 — (Ligs)(2m) zm)dm
0 1-m

_9 (/1 Lis—1(2) — Lis—1(zm) 4+ zm —
0

z .
= m dm — Lis_1(z) —|—z> .

The corollaries of the results are given as follows.

COROLLARY 1. The following equalities come from theorem 1.

“+o00 k
. z z4+In(l—2z
a) E Hy, <L11(Z)—Z—...—kl> :Z£1)’|Z’ <1
k=1

i
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Setting = = § we get
+o00 1I\k
. (1 1 (3)
k=1
We can also derive
+00 Zk 5
c) ;Hk (ng(z) —Z— .= k:2> = —Liy (z — 1) — Lij(2).
By setting = = § we get
+oo 1\k 2
(1 1 )"\ 7

COROLLARY 2. The following equalities come from Theorem 2.

400 22 Zk n(l— =~
)3 kHy (Liz(z)—z—g;_..._(kl> :;121_1>+
k=1

By setting = = 3 we get
+o0 1\2 1\k 2
. (1 L (3) ()"} _5Wln(@2) 1 =«
b);ka<L12<2>—2_ ) =2 i

COROLLARY 3. The following equalities come from Theorem 3.

+o0 22 Zk
a)ZH,? (Lil(z) —ET 5T T T k:) =
k=1
4z +1In(1 - 2) (4 +In(1 — 2)) — 2z Lia (%)
B 2(z—1) ‘

By setting = = 3 we get

+oo 142 1\k 2
DY H (Li(l) (;) - % - (22) - (2’k)> =24 T+ n%(2) ~ In(16).
k=1




Main results

We will need some lemmas in order to proceed further. The following
lemma will be extensively used throughout the paper.

LEMMA 1. The following equality holds for |z| < 1.

+oo E+1

z
27 =Lis_1(2) — 2
s—1 s
P (k+1)
Proof. Follows from the definition of the polylogarithm. O

We will need the following in order to proceed further.
We will need in our analysis Abel’'s summation formula (Bonar & Koury,
2006, p.55),(Lewin, 1981, p.258), which states that if (a,,),>1 and (by)n>1
are two sequences of real numbers and A,, = Y} _; ax, then

Z arbr = Anbpy1 + Z A (b — bry1)
k=1 k=1

We will also be using, in our calculations, the infinite version of the pre-
ceding formula

400 o0
> akbp = lm (Anbni1) + Y Ap(br = brsr):
k=1 k=1

The second lemma will be given.
LEMMA 2. The following identity holds:
> Hy=(n+1)Hpyy—(n+1)
k=1

Proof. We will prove it using the Abel's summation (finite version). By
choosing a, = 1,b, = Hy, we get

i
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ZHk—anH—i—Zk < k—i—l) :anH—Zkf_l:anH—n
k=1

+;k+1:anH—n—i—(HnH—l):(n—i—l)HnH—(n—i—l)

and the proof is done. O

The third lemma that we will need.

LEMMA 3. The following equality holds.

(n+1 n(n+1
Zka_)H”H_(gl)

Proof. We will prove it using the Abel’'s summation (finite version). By
choosing a, = k, b, = H; we get

n(n+1 " k(k+1 1
Zka——)HnH+Z s )(—k+1>_

k=1

:n(n+1)H+1_zn:k:n(n+1)H+1_n(n+1)

2 2 2 4
k=1

and the proof is complete. O

LEMMA 4. The following equality holds for any q and for |z| < 1

z

k+1
lim k7 (Lig(s) — 2 — ) =0
koo <l(z) ‘ (k+1)8> 0

Proof. Let us observe the expression inside the brackets

Zchrl ) Zk+2 Zk+3 Zk+4 N

(Lis(z)—z—-'-— k+ 1) = ]g+2)5+(k+3)5+(k+4)5

G



What we can realise is that every term is less than ;—k therefore, by

k+2 k+3 k+4 k k

<Z z
+“'_E+E+m

k+2r  (k+3)p (ki)

multiplying both sides by k7 and letting the limit go to infinity, we get

. Zk—f—l . k‘zk Zk:
li k9 ( Lig [ e — I O | k9. — = 1i —_—
pm (1<Z> 2 (kﬂ)s)—k;rfm RN =

and this will go to zero independently of s — ¢ — 1 because |z| < 1 and z*
goes faster to zero than any power of the form ks—4-1,

The proof is complete. O

We give our first generalization of the zeta function series.

LEMMA 5. Let Li4(z) denote the polylogarithmic function. Then the following
equality holds for |z| < 1

if(mxﬂ—z—;j—m—Z:):msﬂ@_Lg@)

k=1

Proof. We apply the Abel’'s summation formula with a;, = 1 and b, =

Lis(2) — 2 — & — ... — £ from which we get
too 2 k
z z
L _ - o —
< is(z) — 2z 5 k:3>
k=1
22 Sk Skl T okl
— lim k(L) —r— e — 2 )y S
koo ( I(2) =2 -5 B (kt 1)s> 2o (k+ 1)

Since the first term goes to zero when k£ — 400, Lemma 4 (¢ = 1), we
get

i
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+oo 2 k +oo k41
z z kz
S (w5 5) =X iy
k=1 ( 2 k k=1 (k+1)
Adding and subtracting 1 in the numerator leaves us with two sums

X Lk I Lkt

S —Z —Li,_ — Li,
; (k+ 1)s1 ; k+1yp 1(2) = Lis(2)

because of Lemma 1. The proof is complete.

In the following we give a proof of Theorem 1.

THEOREM 1. Let Lis(z) denote the polylogarithmic function. Then the fo-
llowing equality holds for |z| < 1

+o00 k Le. .
§ : Lis—1(z) — Lis— _

Hy, <Lis(2)—z—---—;s> :/ is-1(2) 11 1(zm) + zm de
k=1 0 —m

—Lis_1(2) + 2.

Proof. By using Abel’s theorem (infinite version) and choosing
ap, = Hy, by, = Lig(z) — z — --- — 2= and Lemma 2 we get

+o0 Zk
> Hy <Lis(z) —z— . — k) =
k=1

P 2kt
— kEI—Poo((k—i_ 1)Hpi — (E+1)) (Lis(z) B T M) +

“+oo
(k4 1) Hpyq — (k+ 1))z
+; (; +1)s '

Since the first term goes to zero when &k — +o0, Lemma 4 (¢ = 2), the
above equals to:

f ((k’ + 1)Hk+1 (k? + ]. k+1 Z Hk+1Z . f Zk+1
£ (k+1)° (k+ 1)1 & (h+1) 1

The second sum follows from Lemma 1. In the first sum we will rewrite
the harmonic number as an integral and interchange the sum and the inte-

<>



gral thanks to Fubini’s theorem:

too Hj 12841 X Lkt 1 _pktl
Zk 137122]{; 1)s—1 1— dm
(k)T k) g m

+
/1 2’0 mk—l—l i
0 k+151 1—m

By rewriting it as two sums, we get

PLER +00 (mz)k+1

/ Zkz 1(lc+1 T 2uk=1 AT
0 1

Using the results from the Lemma 1 leaves us with

_ /1 Lis—1(2) — 2 — (Lis—1(2m) — 2m)
0

= dm.
1—-m m

Which, when substituted above, gives us:

k

+o0 17- .

Lig— — Lig_ —
S 1y (Lis(Z)—z—...—Z>:/ b1(z) “Hhaem) +om =2,
1 ks 0 1-m

—Lis_1(2) + =.

Now we prove Corollary 1, part a).

When s = 1 it can be shown, after a long and tedious calculation, that
the following holds
k

—+00
) z z+In(1—2)
Hi | L -z = | = 1.
; k< i1(2) — 2 k1> po—] 2] <

By setting =z = ; we get b)
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When s = 2 it can be shown, similarly to the case s = 1, that c) part
holds

k

:Z:Hk (Lig(z) - ;) — _Li <Z z 1) CLi(2).

By setting z = % we arrive at d)

+o00 1\k 7_‘_2
> H, <L12 (;) - % — (21@;) =5 ~In().

In the following we give proof of Theorem 2.

THEOREM 2. Let Lis(z) denote the polylogarithmic function. Then the fo-
llowing equality holds for |z| < 1

= 22 2k 1
D kHp (Lis(2) =2 — 52 — .. — = | = = (Lic1(2) — Lis—2(2)) +
! 2s ks 4
1 /1 Lis—2(2) + Lis-1(2m) — Ly 1(2) — Ligo(2m)
2 0 1—-m

Proof. Using the Abel’'s summation with a;, = kH} and b, = Lis(2) — {5 —
... — 2= and Lemma 3 for the a;, part gives

+00 2 k
_ p AN (k(E+DHep k(k+1)
>kt <Lls<z) TET T k) - kEToo< 2 4
. 22 2 2
(=5 G )
f k(k+1D)Hygn  k(E+1)Y 28
2 1 (k+ 1)

k=1

The expression in the brackets goes to zero by Lemma 4, so we are left
with:

1SR kHpy M 18X ekt
2; (k+ 1)1 _4; (k+1)s—1

We will use Lemma 1:
+oo k,zk—H

T Lis—1(z) — Lis(2) -

k=1

<>



As we can see, the second sum is the expression above with s shifted
by —1 and multiplied by %. For the first sum, we will rewrite the harmonic
number into its integral form.

1 f k+12’ +1 1 Jff kokrl 1q_ mk+1d
—_ _— - m =
2 & (k+1)s=1 2 (k+1)5—1 0 l1—m
+oo kszrl |
[ e =

1 s kzkﬂ — Sk k(zm)*

/ =1 (k+1): =LA

2 Jo 1—

Both sums are of the form given above. Therefore, we get

1 /1 Lis_2(2) — Lis_1(2) — (Lis_a(2m) — Lis_1(2m)) im
2 0 1-m '
By incorporating this into the original equality, we get
+oo 2 k
. z z 1. .
;ka (Lls(z) —Em k) = 7 Lis-1(2) — Lis-2(2)) +
1 /1 Lis_o(2) + Lis_1(2m) — Lisz_1(2) — Lis_a(2m) im
2 0 1-m
O
By setting s = 2 it can be shown that Corollary 2 part a) holds
+oo k
. (2)* (2)"\ _1ln(l-2) 1. 2
;ka <L12(z) Pty T T )T L1 —|—2L12 po +

By setting z = ; we arrive at part b)
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i(m(z) ).

Our significant result in this paper is given in the following theorem. The
next theorem will use all the previous results.

THEOREM 3. Let Lis(z) denote the polylogarithmic function. Then the fo-
llowing equality holds for |z| < 1

400 2 k
z z
H? (Lig(z) —2— = — .- ) =

/1 fl Lis—1)(2)—z—(Li(s—1) (2t)— zt)dt fol Li(s_l)(zm)—zm—(Li(s_l)(zmr)—zmr)d
0

r

1— 1—
0 t T dm
1—-m

L Lig, — 2z — (Ligg —
_/ i )(z) z—( i )(zm) zm) -
0 1— m
1 . o . o
5 (/ Lis_1(z) — Lis—1(2m) + z2m Z Li, 1(2) + z) '
0 1 —m
Proof. We will use Abel’'s summation method, choosing
ap = Hy, by = Hy, (Lis(z) —2—&— .- ;—k) with Lemma 2, we will use
the following notation to minimize the clutter in the formulas, let us call
Sy, = Lis(z) — z — & — ... — 2.. By evaluating by — by1 we get
H k+1 S k+1
b — bg1 = b2 k &

k+1p (kD) krperU
By using Abel’s summation we get

lim ((k+1)Hyg1 — (k+1)) Hps 1,41+

k—4o0
+oo szk—i-l S Skl
k+1)Hp — (k+1 —

The expression in the limit goes to zero by Lemma 4. We are left with
the sum

oo 1 oo k41
Hk+1HkZ z ket HkJrl sz
SipH — —_
I e e WL S L ==

<>



+§ +§ kA1
S — s
k=1 k=1 (k+1)

We know the third term from the proof of Theorem 1, the fifth term from
Lemma 5 and the sixth term from Lemma 1. Let us focus on the second
one, sz‘{ Hy.1Sk. This is a separate problem we must deal with. So let
us write

+o00 00 1 —+o0 + Sk
S HeaSe=Y (Hk+ k+1> Sk=" HpSk+)Y_ T
k=1 k=1 k=1 k=1

The first term is known from Theorem 1, but the second one is not, so
we will use again Abel’'s summation method choosing a; = k%q,bk = S.
We get

+oo 1 +oo 1 +o0o 1
k+ SR+ Hk+1 B k+

lim
k—+o0

(Hk—i-l—l)sk—i-l"‘z (Hpp1 — 1) (;Jril)s = ; k1) Z (kZ+ 1)s

k=1 k=1

The first sum is from the proof of Theorem 1 while the second one is
from Lemma 1; therefore, the original second sum is done. Let us deal
with the fourth sum:

+oo k+1 too k+1
Hyz 1 1 z
_— H — =
kzzl (k+ 1)1 kzzl ( FT R ke 1) (k+ 1)1

+oo k+1 +oo k41
Hp 12 +

2 (k+ 1)1 -2 (k+1)s

k=1 k=1

The first sum is from the proof of Theorem 1 while the second one is
from Lemma 1. Therefore, the fourth sum is done. Let us focus on the first
one.

1 1
io Hk+1Hka+1 ¢ Hya (Hk R k+1>

(k11— (k+ 1)1 -
f Hp 2 B Jio U H
(k4 1)s—1 (k+1)

k=1 k=1

k=1
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The second one is from the proof of Theorem 1, but we need to dig
further for the first one

+ +
f HE M 2’0 Hj 120 /1 1— mkHdm B
-1 s—1 _ -
— (k+1)s — (k+1) o l—m
1 +OO Hk+1zk+1 _ +OO Hk+1(m2)k+1
/ k=1 (k1) b=l (D
0 1 —m

The second term is the same as in Theorem 1 when taking z as zm;
therefore, the result follows.

_ d
(k+ 1)1 0 1—r "

f Hy 1 (zm)kt! /1 Lis_1(zm) — zm — (Lis—1(zmr) — zmr)
k=1

While the first one we have directly from the proof of Theorem 1

 Hyp1H /1 Lis1)(2) — 2 — (Ligy(2t) — 21)
0

s—1 = _
P k:+1 1-—1¢

Therefore, by putting all together, we obtain

oo k+1
Hk_HHkZ 1Hk:+1 Hyz
SiH. A
; (k+151 Z k k+1+z k+1 Z(k+1)s—1+
+00 H2 k+1 —+00 k+ Hk+1

I k1
S = kil - H,S
Z’“ Zk+1)s ;(k-ﬁ-)_ ;( (Z’“H
f Zk+1Hk+1 B Ji SR+l N +oo Skl Hp1 B Z Hyi1z k+1 -
~ ) D)) T Ry <k+1>8*1
+00 k+

> ) R L

k=

We can see that four of the terms will cancel themselves; then we plug
the polylogarithm expressions we have got and establish the equality.

—+00
¥:r: (Lis(z) - % B Z) -
k=1
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-
dm

1 Ligs—1y(2)—z—(Li(s—1)(2t)—2t) 1 Li(s—1)(zm)—2zm—(Li(s—_1)(zmr)—zmr
/1 fo (s=1) 1(—t( ) ( dt — fO (s—v(2m) 1(_r( ) (zmr) ) d
0 1 —m
'Ligg)(2) — 2 — (Li(s) (2m) — zm)
_/0 1-m

5 /1 Lis_1(2) — Lis_1(2m) 4+ zm — z
0 ]. —m

dm—

dm — Lis_1(2) + z) )
And the proof is done. O

By setting s=1 in theorem 3 we arrive at Corollary 3 part a)

22 Zk
ZHk, (Lll _Z_ﬁ _k>:

B 4z+1n(1 —2)(4+1In(1 - 2)) — 2z Lia (=

)
2(z—1) '

By setting z = % we arrive at part b) of Corollary 3
+o00 142 1\k
o (o (LY oG G s
;Hk (Ll(l) <2 B B 2 2+ 12 —Hn ( ) 111(16).

Some examples of series

The usage of the previously derived theorems will be displayed in the
following examples. Equipped with the series in a closed form we have de-
rived, we can get many series via incorporating the values from the domain
which is |z| < 1. By letting z = \/52‘1 in Corollary 1 part c), Corollary 2 part
a) and Corollary 3 part a) we get, respectively

= C(VE-1\ V5-1 (V5L
;Hk <L12< 2 ) — 2 — .. — 22 ) =

10“2< >““< )

R C(VE-1Y V51 (S*
;ka (ng < 9 ) 9 22 — ... 22 > =

o
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1-VEH (VBT In (53 —V5)) +2(v5 —3)csch ' (2)*

4(v/5 - 3) 20
+oo . \/5_1 \/5_1 (\/5—1)2 (\/5—1)19
;H,f(hl( 5 )- R =

_ 10(\;_3) ((\/5— a2 — 20 + 20\@) +

V5 -3

More interesting sums can be obtained incorporating in the value z =
3—v5
2.

Lt (m <;(47 — 21%5)) + cosh™! @)2 +(V5-1) csch1(2)2)

By setting z = % in Corollary 1 part c), Corollary 2 part a) and Corol-
lary 3 part a), we get, respectively

2 C(3-vB\ 3-5 (3505
;Hk (le < 9 ) - 9 — .. — 22 ) =

_ 7L2 _ lcsch_l(Q) (2 + csch_1(2))
15 2
ka P EESE) B ERCH )
k 2 2 2 ]{72
k=1
1 .

(2 —2V5 + (1+ \/5) Sinhfl(Q) + CSChfl(Q)(E) +v5+ 4csch*1(2))) ~30
-~ . (3-V3\ 3-5 3=V/5)k
ZH13<L12< 5 >— 5 —...—(22)>:
k=1

((\/5 )2+ 15(2(v5 — 1) — 2(1 + v/B) esch L (2) + csch*1(2)2)> .

16

1
30
The numerical values of Li, at the points z = ¥5-1 _¥5=1 _ 1445 cgn

be found here (Lewin, 1981). Many more series can be obtained by sub-
stituting different values.

T



Conclusions

1. To assure the accuracy of the results, we verified all the numerical
series identities through Wolfram Alpha.

2. Further questions can be asked regarding the sums with harmonic
numbers of an arbitrary order as to, whether it is possible to find more of
them of the form H% for some fixed k.

3. In this paper, we generalized the results given in (Furdui, 2016) as the
polylogarithm is a generalization of the zeta function since Lis(1) = ((s).
We can obtain many more series by varying the two parameters z and s.
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Summary:

Introduction/purpose: The paper presents interesting research related to
the performance analysis of the picture-wise just noticeable difference
(JND) prediction model and its application in the quality assessment of
images with JPEG compression.

Methods: The performance analysis of the JIND model was conducted in
an indirect way by using the publicly available results of subject-rated
image datasets with the separation of images into two classes (above and
below the threshold of visible differences). In the performance analysis of
the JND prediction model and image quality assessment, five image
datasets were used, four of which come from the visible wavelength
range, and one dataset is intended for remote sensing and surveillance
with images from the infrared part of the electromagnetic spectrum.
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Results: The paper shows that using a picture-wise JND model,
subjective image quality assessment scores can be estimated with
better accuracy, leading to significant performance improvements of
the traditional peak signal-to-noise ratio (PSNR). The gain achieved by
introducing the picture-wise JND model in the objective assessment
depends on the chosen dataset and the results of the initial simple to
compute PSNR measure, and it was obtained on all five datasets. The
mean linear correlation coefficient (for five datasets) between
subjective and PSNR objective quality estimates increased from 74%
(traditional PSNR) to 90% (picture-wise JND PSNR).

Conclusion: Further improvement of the JND-based objective measure
can be obtained by improving the picture-wise model of JND
prediction.

Key words: just noticeable difference, JPEG compression, peak signal-
to-noise ratio, subjective and objective image quality assessment.

Introduction

With the rapid development of systems for digital processing,
transmission and display of images and videos, there has been a
growing interest in efficient image/video compression techniques (Lu et
al, 2021). Among the techniques intended for image compression, the
JPEG technique (Wallace, 1992), (Pennebaker & Mitchell, 1993) has
been the most widely accepted for more than 25 years. The original
JPEG development team members emphasize that the longevity of this
technique is a consequence of well-defined mandatory conditions that it
had to meet and fundamental components such as fast discrete cosine
transform, psychovisual quantization, modeling, encoding, a royalty-free
baseline, progressive modes, lossless compression support and real-
time implementation (Hudson et al, 2017), (Hudson et al, 2018). The
JPEG technique still meets the average user demand, so it is to be
expected that it will be present in the coming decades.

Image compression techniques, along with the elimination of coding
and spatial redundancy, use some of the characteristics of the human
visual system (HVS), i.e. use visual redundancy. One of the
characteristics is related to the just noticeable difference (JND) threshold.
JND, as a perceptual threshold in image processing, is used in
perceptual image compression (Tian et al, 2020), (Wang et al, 2019), and
can also be used in objective image quality assessment (Toprak &
Yalman, 2017), (Seo et al, 2021). The first and most significant JND
threshold/point refers to the transition between a pristine and an image
with visible distortions, or rather the transition from perceptually lossless
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to perceptually lossy encoding (Huang et al, 2018). Research on JND
has intensified in recent years thanks to publicly available image and
video datasets with the results of subjective tests, among which there are
three JND-based image datasets with JPEG compression (Jin et al,
2016), (Liu et al, 2018), (Ahar et al, 2018). These three datasets are
intended for different purposes — compression of natural images (Jin et
al, 2016), compression of panoramic images (Liu et al, 2018) and
compression of high dynamic range images (Ahar et al, 2018). JND-
based subjective quality analyses also have been conducted on JPEG
2000, H.265 and VVC compressed images, and on H.264 and H.265
compressed videos (Bondzuli¢ et al, 2021).

The MCL-JCI dataset described in (Jin et al, 2016), as a dataset of
natural scene images, contains information on the JND points of JPEG
compressed images and was used to predict JND points in (Fan et al,
2019), (Lin et al, 2020), (Liu et al, 2020), (Bondzuli¢ et al, 2021). The
mean absolute error (MAE) of the PSNR between the predicted and
ground truth JND distributions was used as a prediction accuracy
measure. The deep learning approaches (Fan et al, 2019), (Lin et al,
2020), (Liu et al, 2020) yielded the MAE for the first IND point of 0.69 dB,
0.58 dB and 0.79 dB, respectively. Recent research published in
(Bondzuli¢ et al, 2021) has shown that based on only one feature derived
from a source non-compressed image (mean gradient magnitude, MGM),
the PSNR of the first JIND point of an image with JPEG compression can
be reliably predicted (linear correlation coefficient between PSNR of the
predicted and ground truth first JND points is greater than 92%, while the
MAE between them is 1.21 dB). The proposed approach does not require
complex vision or masking models and determines the optimal JPEG
quality factor through a simple rate-distortion function using the
computationally efficient PSNR metric for objective quality assessment.
The high degree of correlation can be explained by a good prediction of
image complexity using MGM, which is essential in determining the
degree of compression and bandwidth allocation (Yu & Winkler, 2013).

The research in this paper aims to further confirm the success of the
prediction of the first JIND points for a given image using a simple and
fast approach (Bondzuli¢ et al, 2021) and to show that the information of
position of the first IND points can be used to reliably evaluate quality of
images with JPEG compression. Prediction success and reliable
evaluation were confirmed on five subject-rated image datasets
containing images with JPEG compression.
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Prediction of the first IND point for JPEG compressed
Images

The quality factor (QF), whose values range from 0 to 100, has been
used to control the quality of JPEG compressed images. Higher QF
values correspond to better quality images. Although one can choose a
QF from 0 to 100, with an increment equal to one, recent research has
shown that observers can distinguish a finite number of image quality
levels (four to eight), and that the relationship between perceptual
distortions and a bit-rate/distortion level is not a continuous but a step
function (Jin et al, 2016). The steps of this function represent the JND
points. The first among them, and at the same time the most important
JND point, refers to the maximum difference between the original and the
test image that the HVS will not notice (Li et al, 2020), (Bondzuli¢ et al,
2017). This transition point between the original image and the images
with visible degradations also represents the transition from perceptually
lossless to perceptually lossy encoding. The second JND point is
obtained by detecting noticeable differences from the first JND point
(anchor), i.e. lower JND points are used as anchors to determine higher
JND points.

Figure 1 shows the original uncompressed image from the MCL-JCI
dataset (Jin et al, 2016), its stepwise distribution of JND points and the
regions of the original image and images corresponding to JND points.
The results of subjective tests were given through the stair quality
function (SQF), which represents the normalized cumulative sum of the
JND function, and was obtained by analysing and post-processing raw
JND data. The height of the SQF function for a boundary point with
QF=100 is equal to one and defines the maximum possible quality. The
first drop in quality corresponds to the first JND point (JND #1), and its
height corresponds to subjective quality. This point corresponds to the
image with QF=35, and its subjective quality is SQF=0.92. The position
of the first IND point depends on the image content and for 50 source
images from the MCL-JCI dataset these positions were obtained for a
wide range of QF values, from 25 to 70 (Jin et al, 2016).

The regions in Figure 1 show visible differences between the images
corresponding to the higher JND points (JND #2 and JND #3) and the
region of the original image.

Prediction of the first IND point for JPEG compressed images can
be achieved in the PSNR, QF, and bits per pixel (bpp) domains, but
researchers suggested using the PSNR domain to predict the first IND
point (Liu et al, 2020), (Bondzuli¢ et al, 2021).
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The procedure for determining the estimation of the ground truth
PSNR value (PSNR JND #1) proposed in (Bondzuli¢ et al, 2021) is
carried out in several steps. In the first step, if it is a color image, the
conversion from the RGB color format to a grayscale image is performed
(Gonzalez & Woods, 2018):

f (n,m)=0.299R(n,m)+0.587G(n,m) +0.114B(n,m). (1)

() IND #2 (QF=21, SQF=0.65) (f) IND #3 (QF=14, SQF=0.54)

Figure 1 — (a) (b) original image rich in detail and its SQF function, (c) (d) (e) and (f)
regions of the original image and compressed images corresponding to the JND points
Puc. 1 - (a) (b) ucxooHoe usobpaxeHue, 602zamoe demansmu, u e2o pyHkyusi SQF, (c)
(d) (e) u (f) obrnacmu ucxo0HO20 U306paXXeHUsT U CxKambix U3obpaxxeHud,
coomeemcmeyrowjue moykam JND
Cnuka 1 - (a), (b) — opueuHanHa cnuka 6oezama demarbuma u eHa SQF ¢hyHkyuja, (C),
(d), (e) u (f) — peauoHuU opueuHanHe cruke U KOMIPUMOBaHUX CruKa Koju odzosapajy JND
maykama
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In the second step, the responses gx and gy of the grayscale image
to the 2D Sobel filters are determined:
g,(nnm)=f(n+Im-D+2f(n+Lm)+ f(n+1,m+1) )
—[f(h-Lm-D)+2f(n-1L,m)+ f(n-1,m+1)]
and
g,(n,m)=f(n-Lm+)+2f(n,m+)+ f(n+Lm+1)

—[f(n-Lm-2)+2f(n,m-1)+ f(n+1,m-1)] (3)

From the resulting gxand gy oriented gradient components, the MGM
information is easily obtained according to:

1 1
MGM =2 g JOz(nm)+gz(n,m), (@)

NM

where gmax is the experimentally determined maximum magnitude value,
taken as gmax=4.472 for grayscale images with a dynamic range 0 to 1
(image f which is an 8-bit unsigned integer array with a range of 0 to 255
is linearly scaled to a dynamic range of O to 1 with a double-precision 64-
bit format) (Bondzuli¢ et al, 2021).

The PSNR JND #1 prediction is determined based on the MGM
information as:

2115.5MGM ? —377MGM +46.4, MGM < 0.0896

(5)
29.58, MGM > 0.0896

PSNR(MGM) :{

and this mapping function is shown in Figure 2.

The optimal values of the coefficients in Eq. (5) were determined
based on the results of subjective tests on the MCL-JCI dataset
(Bondzuli¢ et al, 2021).

Figure 2 shows that, with increasing MGM, the value of PSNR
prediction decreases, where for MGM=0.0896 the mapping function
reaches its minimum value (PSNRmin=29.58 dB). This can be explained
by the influence of contrast and texture that are important for visibility
masking estimation because in the regions that contain more non-
uniform contents more distortion can be tolerated than in the regions with
homogeneous content. Furthermore, block-based JPEG coding
suppresses high-frequency components. In the homogeneous regions
with gradual color/intensity change, the blocking artifact is visible to
observers. In contrast, the distortion is less obvious in the textured

regions (Jin et al, 2016).
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Figure 2 — PSNR prediction of the first JND point based on the mean gradient magnitude
Puc. 2 — NpoeHo3 PSNR nepsoti moyku JND Ha ocHogaHuu cpedHel 8esuyUHbI
epadueHma
Cnuka 2 — PSNR nipedukyuja npee IND mauke Ha ocHO8Y cpedre apedHocmu
amnnumyde epadujeHma

JND prediction and image quality analysis

The described model (Bondzuli¢ et al, 2021) was used without any
additional adjustments to determine the PSNR estimates of the first IND
points of the reference images from the four datasets. For example, the
adopted JND model is trained on high spatial resolution images
(1280x1920 pixels), and will be tested on images that are of significantly
lower resolution.

Figure 3 shows the scatter plots of subjective (mean opinion score —
MOS/difference MOS — DMOS) and objective (PSNR) quality scores.
Each point on the scatter plots corresponds to one test image with JPEG
compression. Scatter plots are shown for four image datasets, three of
which are publicly available — LIVE (Sheikh et al, 2006) (with 29 original
images), CSIQ (Larson & Chandler, 2010) (with 30 original images) and
VCL@FER (Zari¢ et al, 2012) (with 23 reference images). The fourth
image dataset, marked with LWIR, will be publicly available soon, and
can be obtained by sending an inquiry to the authors who created it
(Merrouche et al, 2018). A subset of 100 images with JPEG compression
was taken from the LWIR dataset containing images from the infrared
part of the electromagnetic spectrum. The LWIR dataset test images
were created from 20 original images, and their quality was reduced
using five degradation levels (five quality factors). In subjective tests, the
scores of 31 observers were collected.
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On the scatter plots, JPEG images are represented by two symbols,
where the first symbol (0) corresponds to the images in which the PSNR
of the test image is above the PSNR JND #1 (this is the first class of
images, which should consist of high quality images, and in which there
is no loss of visual information). The second symbol (A) corresponds to
the images for which the PSNR of the test image is below the PSNR JND
#1 (this is the second class of images that should consist of lower quality
images). A similar idea of dividing images into two classes was used in
(Ponomarenko et al, 2015).

O PSNR > PSNR JND #1

100 PSNR < PSNR JND #1
80
»
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o 40
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0 oL
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Figure 3 — Scatter plots of subjective and PSNR objective image quality scores for JPEG
images from four datasets: (a) LIVE (175 images), (b) CSIQ (150 images), (¢) VCL@FER
(138 images) and (d) LWIR (100 images)
Puc. 3 — [Juaepammbl pa3bpoca cyb6beKmuHbIX OUEHOK Kadecmea usobpaxeHul u

06bekmugHbiIx oyeHok PSNR 0nsa uzobpaxeHuti JPEG u3 yembipex Habopos daHHbIX:

(a) LIVE (175 usobpaxenuti), (b) CSIQ (150 uzobpaxeHul), (c) VCL@FER (138
uzobpaxeHud) u (d) LWIR (100 usobpaxeHutl)

Cnuka 3 — [Qujagzpamu pacunama cybjekmusHux u PSNR objekmueHux ckoposa

keanumema JPEG criuka us yemupu 6ase: (a) LIVE (175 cniuka), (b) CSIQ (150 crnuka),
(c) VCL@FER (138 cnuka) u (d) LWIR (100 cnuka)
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Figure 3 shows that the proposed approach for the first JIND point
estimation proved to be excellent on the LIVE and CSIQ datasets. By
applying the PSNR of the first IND point, images of excellent visual quality
were detected — they correspond to lower values of subjective DMOS
scores. Slightly worse results of the proposed first JND point estimation
model can be seen for the images from the VCL@FER dataset.

The surprising result of the proposed approach can be seen on the
LWIR image dataset. Although it is a dataset of images from the invisible
(infrared) part of the electromagnetic spectrum, the proposed approach of
the first JND point estimation has proven to be very successful in detecting
JPEG compressed images with high quality — they correspond to higher
values of subjective MOS scores. In this way, the validity of the proposed
PSNR estimation of the first IND point was indirectly confirmed, using the
results of subjective quality tests of available image datasets.

Figure 4 shows two source images from the LWIR dataset and their
JPEG compressed versions for which the PSNR value is above the PSNR
JND #1. The test images are of excellent and good visual quality, i.e. there
is no visual difference between the pair of images shown in Figures 4(a) and
4(b) (MOS=5), while the observers noticed slight differences between the
pair shown in Figures 4(c) and 4(d) (MOS=4).

For the two selected examples, the degrees of image compression are
approximately equal and are 21.7 (Figure 4a) and 23.3 (Figure 4b).

G



Figure 4 — (a) original image (image size is 608 kB), (b) test image with JPEG
compression (PSNR=42.47, PSNR JND #1=39.92, MOS=5, image size is 28 kB), (c)
original image (image size is 256 kB) and (d) test image with JPEG compression
(PSNR=40.03, PSNR JND #1=38.18, MOS=4, image size is 11 kB)

Puc. 4 — (a) ucxodHoe u3obpaxeHue (pa3mep uszobpaxeHus 608 kB), (6)
mecmosoe u3obpaxeHue co cxamuem JPEG (PSNR=42.47, PSNR JND #1=39.92,
MOS=5, pasmep uzobpaxeHusi 28 kB), (8) ucxodHoe u3obpaxeHue (pa3mep
usobpaxeHus 256 kB) u (d) mecmoeoe usobpaxeHue co cxxamuem JPEG (PSNR=40.03,
PSNR JND #1=38.18, MOS=4, pasmep uzobpaxeHus 11 kB)

Cnuka 4 — (a) opuesuHarnHa crnuka (eenuduHe 608 kB), (b) mecm-cnuka ca JPEG
komnpecujom (PSNR=42,47, PSNR JND #1=39,92, MOS=5, gesiuyuHa cnuke je 28 kB),
(c) opueuHanHa cnuka (senu4uHe 256 kB) u (d) mecm-cnuka ca JPEG komnpecujom
(PSNR=40,03, PSNR JND #1=38,18, MOS=4, genu4uHa crnuke je 11 kB)

Impact of JND prediction on image quality assessment

The described approach of the PSNR estimation of the first JIND
point is derived from the results of subjective tests of the MCL-JCI
dataset (Jin et al, 2016) in which 50 original images are used. The
degree of agreement between SQF subjective and objective quality
scores on this JPEG image dataset is worse than the degree of
agreement between subjective and objective quality scores on publicly
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available image datasets such as LIVE, CSIQ, VCL@FER and similar
(Bondzuli¢ et al, 2020). A very low degree of agreement between the
SQF subjective and PSNR objective quality scores on this image dataset
can be observed through the large spreading on the scatter plots shown
in Figure 5. The scatter plots are shown for PSNR objective quality
scores. The degraded images originating from the same original image
are on the scatter plot in Figure 5(a) connected by lines of different
colors. On the scatter plot in Figure 5(b), the images corresponding to the
JND points derived from subjective tests are marked with different
symbols (from JND #1 to JND #7).

Additionally, in Figure 5(a), it can be seen that the slope of the lines
corresponding to the images originating from the same original image is
approximately the same. The spreading in the space of subjective and
objective quality scores is a consequence of the different content of the
original images. Similar conclusions related to the PSNR performance in
video quality assessment were reached by the authors in (Huynh-Thu &
Ghanbari, 2008), (Bondzulic et al, 2016). The goal of designing objective
guality assessment measures is that the results of the assessment,
among other things, do not depend on the content of the original images.

1 1
0.8 0.8
L 06 L 06 )4
3 3 o
0.4 0.4 o
(’_ *
0.2 0.2 % 4
| D JND#7
0 0
20 30 40 50 20 30 40 50

PSNR (dB) PSNR (dB)

@ (b)
Figure 5 — Scatter plots of subjective and PSNR objective quality scores of MCL-JCI
JPEG compressed images: (a) the scatter plot is shown regarding the images originating
from the same original image and (b) the scatter plot with marked JND points

Puc. 5 — [uazpammbl pazbpoca cybbeKkmueHbIX OUEHOK Kayecmea U 06beKmuBHbIX
oueHok PSNR cxambix usobpaxeruti MCL-JCI JPEG: (a) epachuk pasbpoca nokasaH 8
coomeemcmeuu ¢ U30bpaxeHuUsMU, MPoucxo0sujuUMuU u3 0OHO20 U MOo20 Xe UCX0OH020

usobpaxeHusi, u (b) epaghuk pazbpoca c ommeyeHHbIMU modkamu JND

Cnuka 5 — [Qujaepamu pacunama cybjekmusHux u PSNR objekmueHux ckoposa
keanumema JPEG komnpumosaHux criuka MCL-JCI 6ase: (a) dujazpam pacunama je
rpuka3aH fpema criukama Koje nomudy o0 ucme opuauHarsnHe cnuke u (b) dujazpam
pacunara ca obenexeHum JIND maykama

&



Figure 6(a) shows the curves of the JND points from the two
source images, between which are the other JND points of the scatter
plot between the SQF and PSNR scores on the MCL-JCI image
dataset.

Figures 6(b) and 6(c) show the original images corresponding to
the curves of Figure 6(a), i.e. the left and right boundaries on the
scatter plot. It can be concluded that the points on the scatter plot are
located between the JND points of the image with uniform regions and
visible boundaries between them (right scatter border), and the image
with a pronounced uniform region in the upper third of the image (with
intensity saturation), and rich in details in the rest (left scatter border).

From Figure 5 it can be seen that the vertices of the curves start
from the images corresponding to the first JND points. In order to
make the result of the PSNR objective quality evaluation independent
of the content of the original images, it is reasonable to define the
differential PSNR as the difference between the PSNR and the
estimation of the PSNR JND #1:

DPSNR = PSNR —PSNR JND #1. (6)

DPSNR values can be both positive and negative. Positive values
correspond to good quality images (PSNR>PSNR JND #1), while
negative values correspond to lower quality images. Also, DPSNR is a
picture-wise JND measure of objective image quality assessment.
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Figure 6 — (a) the relationship between SQF and PSNR for the two source images of the
MCL-JCI dataset, (b) the original image corresponding to the left boundary of the JIND
points and (c) the original image corresponding to the right boundary of the JND points of
the MCL-JCI image dataset

Puc. 6 — (a) esaumoces3b mexdy SQF u PSNR 0ns d8yx ucxo0HbIx u3obpaxeHul
Habopa daHHbix MCL-JCI, (b) ucxodHoe uzobpaxeHue, coomeemcmayrouiee f1eeoll
epaHuye moyek JND, u (c) ucxodHoe usobpaxeHue, coomeemcmeyrowiee rpasoli
epaHuue JND-moyku Habopa OaHHbIx uzobpaxeHusi MCL-JCI

Crnuka 6 — (a) ee3a uamehy SQF u PSNR 3a dse udsopHe cnuke u3z MCL-JCI 6ase, (b)
opu2uHarsHa criuka Koja o02o8apa nesoj epaHuyu JND mayvaka u (C) opueuHaHa criuka
Koja odzoeapa OecHoj eparHuyu JND mavyaka MCL-JCI 6a3se cnuka

The scatter plots of subjective and DPSNR objective quality scores
on the four analyzed image datasets are shown in Figure 7. Significantly
less spreading of scores is observed in relation to the spreading of the
scores of the PSNR objective measure (Figure 3).
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Figure 7 — Scatter plots of subjective and DPSNR objective quality scores of images with
JPEG compression on four datasets: (a) LIVE, (b) CSIQ, (c) VCL@FER and (d) LWIR
Puc. 7 — Juaepammbl pa3bpoca cybbekmueHbIX U 06beKmMuUBHbIX OUEHOK Kayecmea
DPSNR u3obpaxeHuti co cxamuem JPEG 0nsi yembipex Habopoes daHHbix: (a) LIVE, (b)
CSIQ, (c) VCL@FER u (d) LWIR
Figure 7 — fujacpamu pacunara cybjekmusHux u DPSNR o6jekmueHux ckoposa
keanumema cruka ca JPEG komnpecujom 3a yemupu 6ase: (a) LIVE, (b) CSIQ, (c)
VCL@FER u (d) LWIR

Table 1 provides the quantitative indicators of the degree of
agreement between the subjective and PSNR/DPSNR objective quality
scores for the four analyzed image datasets. The linear correlation
coefficient (LCC), Spearman’s rank-order correlation (SROCC), mean
absolute error (MAE), root mean square error (RMSE) and outlier ratio
(OR) between the subjective and objective quality scores after nonlinear
regression using a logistic function with four parameters were used as
guantitative indicators (ITU-T, 2004), (Bondzuli¢ et al, 2018). In addition
to the performance of these two objective measures, the performance of
the HVS-based objective measures is given: PSNR-HVS (Egiazarian et
al, 2006), PSNR-HVS-M (Ponomarenko et al, 2007) and WNMAE
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(Huang et al, 2018). PSNR-HVS and PSNR-HVS-M measures are sub-
band models that take into account the contrast sensitivity function.
Additionally, PSNR-HVS-M takes into account the between-coefficient
contrast masking of the discrete cosine transform basis functions
(Ponomarenko et al, 2007). WNMAE is a traditional pixel-wise model
based on JND. Through this measure, HVS’s physiological (color and
light sensitivity) and psycho-physiological (texture and edge sensitivity)
characteristics were implemented. The two best results for each dataset
and for each quantitative indicator are in Table 1 marked in bold.

Table 1 — Performance comparison of objective measures on four datasets
Tabnuua 1 — CpasHeHue aghghekmusHocmu 06 beKMUBHbIX MoKazamersiel 1o Yembipem
Habopam OaHHbIX
Tabena 1 — lNopeherwe nepghopmaHcu objekmusHUX Mepa Ha Yyemupu ba3se

Dataset Measure LCC SROCC MAE RMSE | OR [%]
PSNR 0.8879 | 0.8809 | 11.3594 | 14.6532 | 12.5714
DPSNR 0.9649 | 0.9565 | 6.5225 | 8.3637 | 1.1429
LIVE PSNR-HVS 0.9585 | 0.9478 | 7.1802 | 9.0760 | 1.1429
PSNR-HVS-M 0.9752 | 0.9650 | 5.5549 | 7.0493 | 0.0000
WNMAE 0.9143 | 0.9113 | 9.9537 | 12.9013 | 5.7143
PSNR 0.8906 | 0.8879 | 0.0964 | 0.1391 | 31.3333
DPSNR 0.9707 | 0.9510 | 0.0547 | 0.0735 | 19.3333
CsIQ PSNR-HVS 0.9577 | 0.9400 | 0.0603 | 0.0880 | 22.6667
PSNR-HVS-M 0.9733 | 0.9512 | 0.0501 | 0.0702 | 20.0000
WNMAE 0.8971 | 0.8962 | 0.0946 | 0.1352 | 34.0000
PSNR 0.6041 | 0.6040 | 13.6027 | 16.7039 | 69.5652
DPSNR 0.8269 | 0.8262 | 9.2646 | 11.7856 | 52.1739
VCL@FER PSNR-HVS 0.8741 | 0.8775 | 7.8178 | 10.1823 | 48.5507
PSNR-HVS-M 0.9408 | 0.9388 | 5.5695 | 7.1051 | 33.3333
WNMAE 0.6252 | 0.6279 | 13.2803 | 16.3580 | 71.7391
PSNR 0.8377 | 0.8146 | 0.4362 | 0.5650 | 59.0000
DPSNR 0.9481 | 0.9238 | 0.2596 | 0.3290 | 45.0000
LWIR PSNR-HVS 0.8238 | 0.8018 | 0.4573 | 0.5865 | 63.0000
PSNR-HVS-M 0.8389 | 0.8135 | 0.4492 | 0.5631 | 65.0000
WNMAE Not applicable

The performance of the DPSNR objective measure is significantly
better than the performance of the PSNR, for all five quantitative
indicators and on four datasets. It can be noticed that the performance of
the DPSNR is the worst on the VCL@FER image dataset, where the
original PSNR has the worst results.
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The DPSNR performance is at the top on the LIVE and CSIQ
datasets, along with the PSNR-HVS-M measure. Two sub-band models
provide the best results on the VCL@FER image dataset, while the
performance of the proposed DPSNR approach is best on the LWIR
dataset of images from the infrared part of the electromagnetic spectrum.
The performance of the WNMAE objective measure is slightly better than
the performance of the worst ranked PSNR objective measure.

A careful reader may notice that in comparing the results of objective
measures between different datasets (Table 1) one should be careful
because different grading scales in subjective experiments have been
used on different datasets (see Figures 3 and 5). The dynamic range of
the grading scale affects the MAE and the RMSE. In this case, the LCC
and SROCC values are relevant for comparing the results between the
datasets.

The performance of objective measures was additionally analyzed
on the MCL-JCI image dataset, which was used to train the estimation
algorithms of the first IND point. Figure 8 shows the scatter plots of the
SQF subjective and PSNR objective quality scores with image division
into two classes, using PSNR JND #1 values estimated using the
approaches described in (Bondzuli¢ et al, 2021) and (Lin et al, 2020).
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Figure 8 — Scatter plots of SQF subjective and PSNR objective scores on the MCL-JCI
image dataset with division of images into two classes, where the estimates of PSNR
JND #1 were determined based on: (a) approach (Bondzulic¢ et al, 2021) and (b)
approach (Lin et al, 2020)

Puc. 8 — fQuaepammbl pa3bpoca cybbekmugHbix oueHoK SQF u 06beKmMueHbIX
oueHok PSNR e Habope OaHHbIx usobpaxeHuli MCL-JCI ¢ pa3deneHuem uzobpaxeHul
Ha dea knacca, 20e oueHku PSNR JND #1 6binu onpederneHbl Ha 0OCHo8aHUU: ()
rnodxoda (Bondzuli¢ et al, 2021) u (6) nodxoda (Lin et al, 2020)

Cnuka 8 — [ujazpamu pacunama SQF cybjekmusHux u PSNR ob6jekmusHux ckoposa Ha
MCL-JCI 6a3u ca nodenom Ha dee knace cruka, e0e ce 3a oopehusar-e PSNR IJND #1
kopucmu: (a) npucmyn u3 (Bondzuli¢ et al, 2021) u (b) npucmyn u3 (Lin et al, 2020)
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From Figure 8 it can be concluded that, by applying the approach
(Lin et al, 2020), more JND #1 points are detected than by applying the
approach (Bondzuli¢ et al, 2021) (additionally, see Figure 5(b)). It can
also be observed that using this approach, several other (higher) JND
points that are above the threshold of visible differences (PSNR JND #1)
were detected.

The values of the DPSNR objective measure were determined on
the basis of two estimates of PSNR JND #1 — the approaches described
in (Bondzuli¢ et al, 2021) and (Lin et al, 2020). The scatter plots of the
SQF and DPSNR scores on the MCL-JCI dataset and the corresponding
logistic functions are shown in Figure 9, while the gquantitative indicators
of the degree of their agreement are given in Table 2.
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Figure 9 — Scatter plots of subjective and DPSNR objective scores on the MCL-JCI image
dataset where the estimates of PSNR JND #1 were determined based on: (a) approach
(Bondzuli¢ et al, 2021) and (b) approach (Lin et al, 2020)

Puc. 9 — fluazpammbl pa3bpoca cybbeKkmueHbIX OUEHOK U 06 beKMUBHbIX OUEHOK
DPSNR 6 Habope OaHHbIx usobpaxeHuli MCL-JCI, 20e oueHku PSNR JND #1 6biriu
onpedersieHbl Ha OCHogaHuu: (a) modxoda (Bondzulic et al, 2021) u (b) nodxoda (Lin et al,
2020)

Cnuka 9 — [ujazpamu pacunara cybjekmusHux u DPSNR objekmugHux ckopoga MCL-
JCI 6a3e cnuka, 20e ce 3a odpehusarbe PSNR JND #1 kopucmu: (a) npucmyn u3
(Bondzuli¢ et al, 2021) u (b) npucmyn u3 (Lin et al, 2020)

From Figure 9 and from Table 2, it can be noticed that there is a
significantly higher degree of agreement between the SQF and DPSNR
objective quality scores determined using the PSNR JND #1 estimates
based on the approach from (Lin et al, 2020). This result could be
expected because this approach has a mean absolute PSNR JND #1
estimation error of 0.58 dB on the MCL-JCI image dataset, while the
approach described in (Bondzuli¢ et al, 2021) has a higher estimation
error (1.21 dB). In this case, although the poor performance of the
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baseline PSNR measure (LCC=0.4721), using PSNR JND #1 the
performance of DPSNR was significantly increased and exceeded the
performance of other measures (LCC=0.9194).

Table 2 — Performance comparison of the objective measures on the MCL-JCI
dataset
Tabnuuya 2 — CpasHeHue rpou3sodumesibHocmu 06bLeKMUBHbIX nokazamernel 8 Habope
O0aHHbIX MCL-JCI
Tabena 2 — lNopehere nepghopmaHcu objekmusHux mepa Ha MCL-JCI 6a3u criuka

Dataset Measure LCC SROCC MAE RMSE
PSNR 0.4721 0.4486 0.1907 0.2288

DPSNR (Bondzuli¢ et al, 2021) 0.7973 0.7930 0.1222 0.1566

MCL-JCI DPSNR (Lin et al, 2020) 0.9194 0.9144 0.0779 0.1021
PSNR-HVS 0.7679 0.7506 0.1328 0.1662

PSNR-HVS-M 0.8584 0.8456 0.1026 0.1331

WNMAE 0.4783 0.4665 0.1899 0.2279

Although the introduction of the objective measure DPSNR has
significantly improved the degree of agreement between subjective and
PSNR objective quality scores, there is still room for improvement, and
the degree of improvement will depend on the accuracy of PSNR JND #1
estimation.

The position of the threshold of visible differences introduced in the
guality assessment through PSNR JND #1, in this paper improved the
performance of PSNR on the class of images with JPEG compression.
This is a consequence of reducing the dependence of objective
estimates on the content of the source signal. We expect that with
reliable estimation of the position of PSNR JND #1 for other image
classes (types of degradation), the performance of PSNR of individual
classes will be improved, as well as the performance on a global level
(reducing the dependence of estimates on the type of degradation).

Conclusion

The paper analyzes the reliability of one approach/model for the
peak signal-to-noise ratio estimation of the visible differences (JND #1
point) of images with JPEG compression. Reliability was confirmed in an
indirect way by using the results of subjective tests of five available
image datasets, i.e. it has been shown that by applying a peak signal-to-
noise ratio of the first JIND point, high quality images can be detected. As
the proposed approach was derived on one of the analyzed image
datasets, and the success was confirmed on the four remaining ones, it
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can be concluded that the findings derived from subjective tests on one
dataset can be successfully used on other related datasets.

The paper additionally shows that the performance of the peak
signal-to-noise ratio as a measure of objective quality assessment can be
improved by taking into account the PSNR values of the first JND point.
Improvement was achieved on image datasets with JPEG compression,
through a significant increase in the degree of agreement between
subjective and objective quality scores. Also, it has been shown that
improving the accuracy of the estimation of the first JND point has a
positive effect on the degree of agreement between subjective and
objective assessments. Therefore, future work will be focused on
improving the accuracy of the PSNR estimation of the threshold of visible
differences, both for images with JPEG compression and for images with
other types of degradation.

To the best of our knowledge, this is the first attempt to use JND
information in quality assessment at the picture-wise level. Previous
models have used pixel-based or sub-band JND visibility thresholds. The
additional significance of the paper is reflected in the idea to indirectly
analyze the success of the JND model through two-class image
separation without conducting subjective tests, i.e. using already
available subject-rated image datasets. Finally, the results are presented
on JPEG compressed images originating from the visible and from the
infrared part of the electromagnetic spectrum, which is of interest for
remote sensing and surveillance applications.
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NMPUMEHEHUE HOPOI'_OBOVI MOOENU NMPOrHO3MPOBAHNA
3AMETHbIX PA3NTNYNW MNP OLEEHKE KAHECTBA CXKATbIX
N30BPAXEHNN B POPMATE JPEG

BobaH lN. boHmxynuy?, bobaH 3. NMaBnoBnY?, KOPPECNOHAOEHT,
Herad M. CtoaHoeuy?, Bradumup C. MeTposny®
aYHuBepcuteT 060poHbI B r. benrpag, BoeHHas akagemus, kacdenpa
TenekoMmyHuKaummn n uHdopmaTtuku, r. benrpaa, Pecnybnuka Cepbus
6 Hosu-Capfckuii yHuBepcuUTeT, (hakynbTeT TEXHUYECKMX HayK,
r. Hoen-Caa, Pecny6nuka Cepbus

PYBPUKA TPHTW: 49.00.00 CBA3b:
49.40.00 Cnctembl Nnepegaydv ABUXKYLLNXCA N3006paeHun;
49.40.37 TexHuKa kogupoBaHWs 1 Nepeaavm n3obpaxeHns
BWO CTATbW: opurmHanbHas Hay4yHas cTaTtbs

Pesrome:

BeedeHue/uenb: B daHHOU cmambe rnpedcmasneHo UHmMepecHoe
uccnedosaHue, Ces3aHHOe C aHaju3oM ropoz2oeol  modenu
rpo2Ho3uposaHuUs 3amemHbix pasnuyuli (JND) Ha usobpaxxeHusix u ee
npumeHeHuem Oris OUEHKU Kadecmea u30bpaxeHuli Co cxamuem
JPEG.

MemoOdbl: AHanu3 rnpouszgodumernsHocmu modenu JND 6bir nposedeH
KOCBEHHbIM €riocobom ¢ ucrnonb3oeaHueM obwedocmyrHbix 6a3
uzobpaxeHull ¢ pedynbmamamu CyObeKmuUBHbIX mecmos, npu
pasdeneHuu u3obpaxeHul no 08yM KamezaopusiM (8blle U HUXe
rnopoza 3amemHbix pasnuyud). lNpu aHanu3e rnpouseodumernbHOCMU
modesnu npoeHo3upogaHussi JND u oueHke kadyecmea u306paeHus
ucrnonb3osanuce name b6a3 u3obpaxeHul, 4Yembipe U3 KOMOPbIX
omHocsimces K eudumomy Ouarna3oHy OnuH eosnH, a odHa ba3sa
usobpaxxeHudl, npedHa3zHavyeHHas 0551 ducmaHyuUoHHO20 HabrdeHus,
bbina u3 uHgpakpacHoOU Yacmu 371eKMPOMagHUMHOZ0 criekmpa.

Pesynbmamel: B daHHOU cmambe roka3aHo, 4mo rpumMeHeHuUe
modenet JND moxem ucronb3oeambcsi O OUEHKU CyOBbeKmueHbIX
rnokaszamenetl kadecmea ¢ bonbweli mo4YHOCmbio, Ymo rnpueodum K
3Ha4YuUmesbHOMY  YIyHWEeHUK  Xapakmepucmuk  mpaduyUuoHHO20
COOMHOWEeHUs1 nukogoao cueHana Kk wymy (PSNR). CpedHee
3HadyeHue KoahguyueHma nuHelHol koppensayuu (no namu 6asam)
mex0y CcyObeKmueHbIMU U OOBEKMUBHbIMU OUEeHKaMu Kadyecmea
PSNR yeenu4unocek ¢ 74% (mpaduyuoHHbili PSNR) do 90% (PSNR ¢
molenbro JND Ha yposHe usobpaxkeHusi). BbiuepbiwHbIl pe3ynbmam,
docmueaembili 3a cyem 6HeOpeHuss modenu JND Ha yposHe
u3obpaxkeHusi 8 06bLEKMUBHOU OUEeHKe, 3agucum om 8blbpaHHOU ba3sbl
u pesynbmamosg ucxodHol npocmol mepbi PSNR, 6bii1 nony4yeH no

eceM nsmu 6asam.
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Bbigodbr:  [ornonHumenbHoe  ynydweHue o6beKkmueHoU  Mephbl,
ocHosaHHoU Ha JND, moxxem 6bimb G0CmuaHymo 3a c4em yiyHuleHusi
HaensioOHol modenu npoaHo3uposaHusi JND.

Knwyesble crioga: nopoza 3amemHbix pasnudul, cxamue JPEG,
MUKOBOE COOMHOWEHUE cueHan/uym, cybbekmueHasi U 0bbekmueHasi
oueHKa kayecmea U306paxKeHusi.

NPUMEHA MOJENA MPEAVKUNJIE NPATA YOUIBbUBUX PASITNKA
Y NMPOLEHN KBATIUTETA CJIKA CA JPEG KOMIMPECNJOM

Bbobar IN. BoHyynuh?, boban 3. Nasnosuh?, ayTop 3a Npenucky,

Herad M. CtojaHosuh?, Bradumup C. MeTposuh®

aYHuBepauTeT oabpaHe y beorpaay, BojHa akagemuja, Kategpa
TenekomyHukaumja n nHdopmaTuke, beorpag, Peny6nuvka Cpbuja

6 YuueepanteT y Hosom Cagy, ®akynteT TEXHUYKMX HayKa,
Hoeu Cap, Penybnuka Cpbuja

OBJIACT: TenekomyHukaumje
BPCTA YJTAHKA: opuruHanHu Hay4Hu pag

Caxemak:

Yeod/uurb: Y pady cy npedcmaserbeHa UHmepecaHmHa ucmpaxuseara
Koja ce o0HOce Ha aHanusy nepghopmaHcu molesna rpedukyuje npaza
yourbugux pasnuka (JND) Ha HUBOY CriuKe U He208y NPUMEeHY Yy MPOUEeHU
Kkearnumema criuka ca JPEG Komripecujom.

Memode: AHanusza nepgopmaHcu JIND modena criposedeHa je Ha
UHOUpeKmaH HauyuH Kpo3 3aHuMs/bugy ulejy Oa ce Kopucme jagHO
docmynHe ba3e criuka ca pe3ysimamuma cybjekmusHux mecmosa, ca
rnodernom cruka Ha 0ge knace (UsHad u ucrod ripaza yo4rbugux pasruka).
Y aHanusu nepghopmarcu npedukyuje JND modena u rnpu npoueHu
Keanumema KopuwheHo je nem 6a3a cruka, 00 Kojux Yyemupu rnomudy U3
8ulrbuBoz oriceza manacHux OyxuHa, 0ok je jeOHa 6asa ca criukama u3
UHGbpaupeeHoe Oernia efeKmMpoMagHemHo2 criekmpa HameHeHUX
O0arbUHCKOM ocmamparby U Had3opy.

Pesynmamu: Y pady je nokasaHo Oa ce rpumeHom IJND modena ca
eehom npeuyusHowhy moay ecmumupamu CcybjeKmusHU CKoposuU
Keanumema, wmo 800u 3HayajHoM rnobosrbwary nepgopmaHcu
mpaduyuoHanHoz2 epwHoz o00Hoca cuesHa/wym (PSNR). Hobumak
ocmeapeH ysohewem JND modena Ha HUBOY CIrlUKe Yy ObBjeKmuUeHy
npouyeHy 3asucu 00 uzabpaHe base u pe3ysimama rosasHe jedHocmasHe
PSNR wmepe, a ocmeapeH je Ha ceux rem 6asa. Cpedra epedHocm
KoeghuyujeHma rnuHeapHe Kopenauuje (3a nem 6a3sa) u3amehy
cybjekmusHux u PSNR objekmusHUx ecmumauuja keanumema je ca 74%
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(mpaduyuoranHu PSNR) ropacna Ha 90% (PSNR ca JND modenom Ha
HUBOY CJIUKE).

Sakrbyyqak: [JodamHo yHanpeherwe JND 3acHoeaHe objekmusHe mepe
Moxe ce 0obumu yHarpeherem modena rnpedukyuje JND.

KmbyuHe pedu: npaz yodrbusux pasnuka, JPEG komnpecuja, 6plwHU
00HOC cuesHan/wym, cybjekmueHa u objekmusHa rnpoueHa Keanumema
CriuKe.
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Abstract:

Introduction/purpose: The paper provides a review of recent research in
the field of digital training applied in the Serbian Military Academy flight
training. Flight training represents the foundation of successful education
of military pilots. Its division is based on the environment and a phase of
realization. The main part and the core of successful flight training is basic
flight training. This training phase has experienced significant changes
with the introduction of the Technically Advanced aircraft (TAA) which is
characterized by a high degree of digitalization not only of the cockpit but
also of other aircraft systems. Consequently, a different methodological
approach to training is needed, including a digital training concept. The
paper shows the achievements and certain solutions based on some

<D

Vlaci¢, S. et al, Implementation of the digital training concept in the basic flight training in the Serbian Military Academy, pp.87-108


mailto:slavisa.vlacic@va.mod.gov.rs
http://orcid.org/
http://orcid.org/
http://orcid.org/
http://orcid.org/
http://orcid.org/

é‘ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2022, Vol. 70, Issue 1

elements of digital training concepts used in the basic flight training at the
Serbian Military Academy.

Methods: The scientific approach is used in the evaluation of aircraft
cockpit digitalization and in the implementation of a new training concept
in the basic flight training in the Serbian Military Academy.

Results: Based on the methodological analysis used, the importance and
the values of the digital training concept in basic flight training are shown.
Conclusion: Although the digital training concept is not mandatory in the
existing flight training model in the Serbian Military Academy, it proves to
be a valuable asset. Its potential is significant and, to a certain extent, it
can change the nature of basic flight training. Due to digital training,
cadets can fly more safely and their flying skills are acquired faster. In
accordance with new modern aircraft acquisition in the Serbian Air Force,
every aspect of the digital training concept has to be carefully considered,
especially in the basic flight training phase, including conversion to new
aircraft types.

Key words: flight training, glass cockpit, digital training, training
devices.

Introduction

Flight training represents the foundation of successful education of
military pilots. Its division is based on the environment and a phase of
realization. Regarding the environment, it can be realized on the ground
or in the air. Military flight training consists of four phases: primary, basic,
advanced, and combat flight training. The main part and the core of
successful flight training is basic flight training. This phase is usually
completed on a piston-engine or turboprop trainer. Acquisitions of new
types of planes in this phase involve many changes and bring new
challenges. It is necessary to adapt the methodological manuals, the
study curriculum and the syllabus based on the Lasta airplane as well as
many other elements of the flight training system. In recent years, the
biggest challenge has been the introduction of a digital glass cockpit from
the very beginning of flight training. It demands a new approach, even
using a variety of commercially available tools and devices to make the
digital concept effective for a new era of basic flight training.

Basic flight training in the Military Academy

In the Military Academy, the study in military aviation is divided in
two main parts. The first one, lasting five semesters, is realized in the
Military Academy headquarters situated in Belgrade. The main goal of
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this phase is theoretical preparation for the upcoming flight training in an
airbase near Belgrade. This phase is also considered as a preparation
phase in terms of core activities (flying) during studying. The second
phase is flight training on airplanes and helicopters and it is crucial for the
cadets - pilots. Having in mind that the first (preparation) phase has a
very important role regarding the quality of flight training as a crown of
the education process, there is a permanent task to improve this process
and make it more effective and safer (Vlacic et al, 2014).

Flight training represents the foundation of successful education of
military pilots. The main constituents of flight training are the environment
and a phase of realization. Regarding the environment, it can be realized
on the ground or in the air. Military flight training consists of four phases:
primary, basic, advanced, and combat flight training.

Basic flight training is considered to be the most important phase of
flight training and the core of the successful process of making future
pilots. It is aimed at mastering the necessary aircraft handling skills. The
curriculum contains basic flying, aerobatic flying, navigation flying,
instrument flying, formation flying, and night flying. The flight training
duration is between 80 and 130 flight hours, and it depends on the
airplane or helicopter types. These can be piston engine or turboprop
airplanes, even simple jet trainers or helicopters.

The first step for each of these phases is the ground (theoretical)
preparation, which is an integral part of flight training. The division by the
phases has not been changed for almost half a century and it would not
be changed in the near future. The main teaching methods in the air
have not been changed, either. However, the main changes have
emerged because of the introduction of new training aircraft, regardless
of airplane or helicopter types (Vlaci¢ et al, 2015).

Recognizing the importance of the basic type of training, the Serbian
Air Force very carefully approached the design of a new type of piston
engined aircraft, named Lasta. This type of aircraft has been included in
the Military Academy’s flight training syllabus since 2017. The syllabus is
based on two aircraft types during the training in the Academy: the basic
flight training on the Lasta (Swallow) aircraft precedes the training on the
advanced jet trainer G-4 (Figure 1) followed by the basic combat training
and the introduction to fighter fundamentals (IFF).
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Basic Advanced | \ Basic combat/IFF

Figure 1 — Basic flight training on the Lasta precedes the training on the G-4
Puc. 1 — OcHosHasi nemHasi no0eomoseka Ha camorneme ,Jlacma“, npedwecmsytouwjas
y4yeHusM Ha ,I-4*,
Cnuka 1 — OcHogHa riemadyka 0byka Ha aguoHy,iacma ” npemxodu obyyu Ha -4

The Lasta training aircraft, as a new type in the Serbian Air Force
service, brings a lot of technical improvements compared to older training
aircraft. One of the biggest improvements is the implementation of a
digital glass cockpit (Figure 2).

Figure 2 — Digital cockpit of the Lasta aircraft
Puc. 2 — CmekrnisiHHasi kKabuHa camonema ,Jlacma*“
Cnuka 2 — [JueumarnHu kabuHCKU rpocmop asuoHa ,Jjacma’”
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Lasta’'s glass cockpit includes the most modern navigation and
communications equipment currently available on the market for this
category of aircraft. Although the flight characteristics of the Lasta aircraft
are adapted to beginners, the technical level of the aircraft equipment
mentioned above requires a great effort towards achieving the required
level of confidence and safe operating. It was necessary to make
adaptations of the methodological manuals, the study curriculum and the
syllabus concerning the Lasta airplane, as well as many other elements
of the flight training system.

Digital glass cockpit

A glass cockpit is an aircraft cockpit that features electronic (digital)
instrument displays, typically large LCD screens, rather than the
traditional style of analog dials and gauges. While a traditional cockpit is
based on numerous mechanical gauges to display information, a glass
cockpit uses several displays driven by flight management systems that
can be adjusted to display flight information as needed. This simplifies
aircraft operation and navigation and allows pilots to focus only on the
most pertinent information (Ison, 2016). A glass cockpit is the core of the
Technologically Advanced Aircraft (TAA) which is a modern term used to
describe light aircraft with advanced equipment on board, specifically
advanced avionics like GPS and glass panel displays.

Glass cockpit displays rely on computerized systems that integrate
multiple data inputs and controls. Glass cockpit displays can present
more information in the space required for conventional instrument
panels, but the increase in information places greater demands on pilot's
attention and creates a risk of overloading pilots with more information
than they can effectively monitor and process. The complexity of the
integrated computerized systems that drive glass cockpit displays may
also limit pilots’ understanding of the functionality of the underlying
systems (National Transportation Safety Board, 2010).

The analysis of both the cockpit layouts and their benefits and
disadvantages points out to a few facts (Vlacic et al, 2014):

- The information in a digital glass cockpit is more precise and, due
to computer screens, can be displayed much more ergonomically;

— Glass cockpits have a tremendous amount of information available
to pilots, which is not available from cockpits with analog gauges;

- Disadvantages of traditional analog instrumentation are the
multitudes of mechanical components so glass cockpits also provide an
element of maintenance simplicity;
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- Analog gauges can be more easily interpreted during rapid
changes in airspeed and altitude;

- Pilots with glass panels may also be spending more time looking
at the displays instead of looking outside;

- In case of turbulence and emergencies, pilots using glass cockpits
may touch and activate wrong buttons because there are so many of
them in a small area;

- Flying a glass cockpit aircraft requires a different cognitive style of
thinking.

It can be concluded that if we want to attain a desired level for safe
flying with a glass cockpit, ground training with the use of synthetic
devices is also necessary. The process of re-training pilots trained in
traditional analog cockpits will not be so easy and fast and it takes time
which has to be determined in the next phase of acquiring the Lasta fleet.
Because of the cockpit complexity and our study program curriculum
timeline, it will be impossible to use the Lasta in the process of selecting
future pilots in the primary flight training phase.

In today’s fully integrated cockpit, learning how to use these new
tools effectively, while still maintaining the control of the aircraft, is
something that will keep the training squadron busy for years to come.
For pilots who are going to be converted to a glass cockpit and want to
gain numerous advantages of modern avionics, there are a number of
training options. Many suppliers provide Internet-downloaded trainers
free of charge, and there are free online interactive courses. Commercial
DVDs and training simulators are extremely useful, too. However,
realistic flight training using the specific system in busy airspace during
less-than-ideal weather with an experienced flight instructor is a must.
(Decker, 2013)

Also, manufacturers of the before mentioned equipment provide only
a small part of educational software (for each device separately), but
such educational software is not tailored to the specific layout of Lasta’s
cockpit (Vlaci¢, 2011).

Digital training

It is important to understand the difference between learning and
training. They are inextricably linked, but they are unique aspects of any
educational process. Training is the giving of information and knowledge,
through speech, the written word or other methods of demonstration in a
manner that instructs the trainee. Learning is the process of absorbing
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that information in order to increase skills and abilities and make use of it
under a variety of contexts.

The quality of learning will rely largely on the quality of training.

Training focuses more on the development of new skills or skill sets
that will be used. Training is the process each new trainee (cadet) goes
through when joining a flight squadron to learn how to carry out day-to-
day operations, know how their airplane works and how job-specific tools
operate in order to carry out their responsibilities. In essence, through
training, the goal is not to reshape the behavior of an individual rather the
point is to teach the cadet how things are done so that they can then
carry out a process on their own.

Digitalization is today an inevitable part of any learning or training
proccess, especially in modern aviation. There are many definitions of
what digital learning is, but a clear definition of digital training is lacking.

Digital learning is "learning facilitated by technology that gives
students some element of control over time, place, path and/or pace"
(GOSA, 2021). Also, digital learning is any type of learning that is
accompanied by technology or by instructional practice that makes
effective use of technology. Digital technologies are electronic tools,
systems, devices and resources that generate, store or process data
(Victoria State Government, 2021). Digital learning is sometimes
confused with online learning or e-learning; digital learning encompasses
the aforementioned concepts. Digital learning requires a combination of
technology, digital content, and instruction.

Technology is the mechanism that delivers content. It facilitates how
students receive content. It includes Internet access and hardware, which
can be any Internet access device — from a desktop to a laptop to an
iPad to a smartphone. Technology is the tool, not the instruction.

Digital content is the high-quality academic material delivered
through technology. It is what students learn. It ranges from new
engaging, interactive and adaptive software to classic literature, from
video lectures to games. It is not simply a PDF file of a text or a
PowerPoint presentation.

However, there is no distinctive definition of digital training. Some
sources indicate that it is an evolution of e-learning that uses the Internet
to make online training courses. Computers, tablets, mobiles or even
connected objects, are all means to easily access this type of training.
Nevertheless, digital training has much broader contest.

For the purpose of this paper, we consider digital training to be
training which includes a variety of digital devices in order to improve the
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quality of flight training, having in mind the previously mentioned
differences between learning and training.

Implementation of the digital training concept

Aircraft manufacturers usually deliver training aircraft to the end user
with a wide spectrum of additional training devices (Vlaci¢ et al, 2015),
but the developer of the Lasta has not provided training devices and
simulators yet. The Military Academy staff had to develop or procure the
whole spectrum of training devices in order to make the training process
more effective. These devices are part of the set that makes up the
concept of digital training on the Lasta airplane. In the meantime, cockpit
digitalization has become reality in a few new acquisitions, including the
Airbus H-145M utility helicopter or the Mi-35M combat helicopter. In this
way, acquisition and equipment with adequate devices for pilot training
become a necessity and one of the priorities in aviation modernization
(VIagi¢ et al, 2015).

The main changes in the flight training process occured due to new
airplanes equipped with modern hardware and software in different
domains. This is most obvious in the aircraft cockpit layout. The main
goal of their incorporation was a higher level of flight safety, better
efficiency of training and, most importantly, higher combat efficiency of
the airplane as a platform. Higher demands placed in front of trainees
were somewhat compensated with a wide use of flight trainers/simulators
and other digital training devices. Their use in modern training is
inevitable. For many years, training devices were developed and
produced exclusively by original manufacturers. This led to high prices,
caused by industrial monopoly and the application of rigid industrial and
military standards. Remarkable development of hardware and software
has made these items more affordable than ever if price and
performances are considered. This fact opened the door for less
specialized personnel to create and develop some training devices. The
great change was also made by wide recognition and involvement of
Commercial off-the-shelf (COTS) components in the process of creating
systems for military use. These facts enabled less experienced staff to
create their own digital devices and their own approach to the creation of
the digital training concept.

The focus of the use of digital devices has been placed on basic
training. The nature of basic flight training requires not only acquiring
basic knowledge and skills but a student in training also has to "to learn
how to learn". "Inserting" a student-pilot in a real cockpit without
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introduction and adaptation to digital devices reduces the effectiveness of
training in many ways.

In creating the concept, the ways of training by which the greatest
success is achieved are taken into account. Regardless of different
scientific views (Kare & Sigbjgrn, 2018), it is undeniable that a high level
of adaptation of knowledge and skills is achieved through one's own
practice and repetition of actions and procedures, instead of simply
listening and watching.

Digital training has to be divided in several levels in accordance with
training objectives i.e. what specific and useful knowledge, skills, and
techniques have to be developed in certain phases of training.

The digital concept in basic flight training contains several levels
including:

Interactive learning materials;

Flight Simulator based on commercial software;

Virtual reality (VR) devices;

Learning Management System (LMS);and

Other training hardware and software.

Interactive learning materials

Today there is a broad range of interactive learning materials which
provide cadets - pilots with the aviation knowledge they require to
prepare for theoretical examinations and to become safe and competent
pilots. After evaluation, the Military Academy opted for the CAE Oxford
Aviation Academy interactive materials in compliance with the EASA!
standards. These materials have the form of full color textbooks and
multimedia computer-based training (CBT), both comprehensively
covering the theory but delivering it in a different way.

Within CBT, each lesson is accompanied by clear precise narration
which leads students through each essential teaching point. The lessons
are built with an effective combination of graphics, animations, audio
voice-overs, textual key-points and revision questions, providing a unique
and effective way of mastering difficult concepts in an engaging way.

During the six years of CBT application, cadets demonstrated better
results?2 in subjects in which CBT were used. The comprehensible
manner gave cadets a lot of good examples and advice on how to deal
with problems in future flight training.

1 EASA — European Aviation Safety Agency
2 according to the Military Academy evaluation process
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Also, embedding new cockpit instruments imposed new training
approaches. Because of the Garmin origin, the Military Academy
introduced the dedicated Garmin software and hardware simulator for its
complex devices such as Garmin G500/600. The basic variants of this
simulator can be viewed and downloaded at the Garmin support pages
(Garmin, 2021). This simulator allows cadets to perform basic functions
within the Garmin system. It is possible to learn how to input data and
frequencies using tips and tricks for “best practices”. Cadets learn to
navigate using flight plans and GPS direct courses. They are able to
navigate pages and page groups of the Flight Management System,
while recognizing the most important functions using tips and tricks. The
first generation of cadet pilots who started their flight training after
practicing on this simulator shows better performance in the basic stages
of the flight syllabus.

LMS in the flight training preparation phase

The Military Academy staff has decided to implement MOODLE e-
learning platform in the Military Aviation study program
(http://adl.elearning.mod.gov.rs/). MOODLE (Modular Object-Oriented
Dynamic Learning Environment) is a free source e-learning system shell
(LMS), written in PHP. It is an important tool for e-learning and blended
learning which provides a framework for preparing courses and for
learning over it. Various content is provided over this system shell (texts,
pictures, optional files, links, multimedia etc.), but the tasks related to
them that can be scored are also important (assigning tasks in the form
of online texts, file, varied types of tests, offline tasks, etc.). This system
unifies and presents, in a single surface, all the services that are
otherwise applied by teachers on parallel surfaces, often offline (sharing
documents and information, sending messages, evaluation, etc.)
(Namestovski & Arsovic, 2013).

Microsoft Flight Simulators

Microsoft Flight Simulator X, also known as FSX, is a 2006 flight
simulation computer game originally developed and published by
Microsoft for Microsoft Windows. It is the next in the sequence after
Microsoft Flight Simulator 2004. This software can be classified as virtual
modeling on a computer workstation. One of the enduring problems with
any flight simulator is a restricted field of view (FOV) imposed by the
computer display screen. This restriction severely limits peripheral vision,
which in turn detracts from perceived realism.
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The external graphic card Matrox TripleHead2Go expanded Flight
Simulator X across three displays (Figure 3), providing a panoramic view
that enables users to see more of their virtual cockpit and improves flight
visibility at the same time. This extended view provides a more realistic
flight experience by fully engaging peripheral vision on the side displays.

As a further level, Microsoft Flight Simulator 2020 was introduced in
order to support FSX. Microsoft Flight Simulator 2020 was released in
2020, for Microsoft Windows, with a virtual reality (VR) version. Flight
Simulator simulates the topography of the entire Earth using data from
Bing Maps. Artificial intelligence (Al) generates three-dimensional
representations of Earth's features, using its cloud computing to render
and enhance visuals, and real-world data to generate real-time weather
and its effects. Flight Simulator has a physics engine to provide realistic
flight control surfaces, with over 1,000 simulated surfaces, as well as
realistic wind modelled over hills and mountains. Some places are
handcrafted, introduced in region-specific updates. To augment its
realism, Al also incorporates real-time elements like natural weather and
real-world air traffic. The gameplay includes new features such as
landing challenges and helpers.
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Figure 3 — Expanding FSX across three displays
Puc. 3 — PacwupeHue usobpaxeHusi npozpaMmbl aguacumynssimopa Ha mpex Oucrnnesx
Cnuka 3 — lNpowuper-e npuka3a rnpozpama cumMynamopa fiemera Ha mpu rnpuxkasusaya
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The developer scanned the interiors and exteriors of aircraft with a
3D scanner to create their realistic looks, polished with modeling and
printing (Aysha, 2020). There are also realistic physics and weather
systems, and utilization of real-world weather data. For instance, if it is
raining somewhere in real life, it can rain in-game. Individual clouds have
their own behaviors and will impact aircraft performance depending on its
location within the system. Flight Simulator is the first flight simulator to
enable worldwide visual flight rules (VFR), a feature not seen in
contemporary flight simulators used by airlines to train and test pilots.

Through cloud-based technology, Flight Simulator sends data to the
computer in real time, with Al being utilized to extrapolate geometry from
a blend of satellite and flyover imagery (Jensen, 2020). Other sources of
data include terrain data for landscaping, data for foliage density, real-
time meteorological data, and air traffic updates. Cloud technology is
used to calculate, among other things, the way air flows around natural
structures such as mountains to cause pockets of turbulence, or streams
in the world's real-time air traffic, and time of day and weather.

Microsoft simulators are mainly used to demonstrate cockpit views
and basic systems characteristics in the aircraft used in real flight
training. To simulate domestic airplanes (UTVA-75, Lasta, Supergaleb G-
4) which are not involved in the FSX package, the specific add-ons have
been created as a long-term process. Developing one’s own add-ons
was the first step in creating a basic flight simulator. However, it is
important to stress that during the flight-training phase in military jets (G-
4 Supergaleb in our case) a full-scale flight simulator is used. The use of
a full flight simulator is expensive and impracticable in the basic training
phase, which is our point of consideration.

When speaking about the assessment and worthiness of the kind of
software such as Microsoft simulators, we have to mention what kinds of
simulators and simulations exist on the market. Simulations can consist
of virtual modeling on a computer workstation, part task devices with
actual system hardware and software, or full-mission man-in-the-loop
simulators with visual systems and motion. All have their place in the
process, and all play a role in shortening development time and cost
(V1aci¢, 2011).

Both versions of Microsoft Flight Simulators have been procured for
the training process in the Military Academy. The main advantages are
not only visual simulation but the possibility to connect many modern
peripherals such as virtual reality and eye tracking devices.

o



VR devices

Virtual reality (VR) has been developed to facilitate human
immersion into new computer-generated synthetic environments that
block out the real world. Recent advancements in VR technologies
enable users to interact with high resolution three-dimensional graphics
without any significant video delay. This technological advancement for
VR systems has reinforced its professional training applications,
including those for aircraft pilots. Conventional flight simulator systems
can generate realistic situational conditions, installing out-the-window
scenery screens in front of their mockup cockpits with motion platforms,
but the setting at such a level, which is costly and requires a 360° angle
of-scenery screen, is still hard to implement. VR has the advantage of
implementing the 360° angle-of horizontal - and vertical-scenery view for
a lower cost.

Pilots are exposed to a lot of safety-critical situations, and they have
to practice recovery skills against all potentially dangerous situations. VR
can show a better performance for this kind of dangerous situation
training than conventional simulators due to its higher realism. Pilots also
have to develop skills to manipulate modern electronic cockpit systems,
including setting the objective heading direction on the electronic
compass, magnifying/demagnifying the electronic map display, and
switching communication radio frequencies with other channels. The
high-cost conventional mockup simulators install the actual electronic
cockpit hardware, for which all functionalities can be manipulated by
manual controls (Chang-Geun, 2020).

The main benefit of virtual reality in flight training is the immersive
representation of the flight experience, providing some important learning
advantages over traditional flight simulators. The key benefits for flight
schools include reduced training costs, cost savings on aircraft
familiarization training, and faster training of students.

Virtual Reality (VR) is the concept of being immersed into a
computer-generated environment with a visual, audible and optionally
haptical representation of the environment. This environment, e.g. a
room, landscape or a cockpit, may be presented to the user through a
screen or a head mounted display (headset). The user may be able to
interact with the environment, e.g. through gestures or physical buttons
or levers.

VR offers new opportunities for significant improvement of teaching
and learning as subjects can be taught/learnt in a very different way
instead of reading a textbook or listening to a lecturer.
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One of the most important aspects of learning is knowledge
retention — the ability to remember what has been learnt. This is
especially true for flight crews who must memorize dozens of checklists,
rules, and procedures. Studies have shown that VR-assisted learning
has the potential of improving knowledge retention by up to 400%,
adding value to the time spent studying. Better knowledge retention
means less retraining and, in the end, better pilots who remember the
emergency checklist better thanks to VR-assisted learning.

VR engages the student much more in the learning process, thus
making the student remember more of what he or she learns. This is an
obvious advantage when performing tasks as a flight crew where
complex procedures must be memorized.

Studies have shown a dramatic reduction in training time when using
VR simulations — for flight training application as much as one year down
to four months. Some benefits that provide training time reduction are
depth perception, 360° vision, scalability, and modularity (VRpilot, 2021).

The Military Academy uses the Oculus Rift VR device which is one
of typical representatives in this device category (Figure 4).

Figure 4 — Oculus Rift VR in basic flight training
Puc. 4 — Oculus Rift VR 8 ocHogHOU niemHol nodzomoske
Cnuka 4 — Oculus Rift VR y ocHogHOj nemaykoj obyuu
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The Oculus Rift VR headset uses gaze tracking and IR LED sensors
to identify the user's position and, at the same time, to interact with the
virtual environment. Users can move freely within their physical
environment - sit, stand, walk, turn, duck, and dodge as they desire.
Similarly, it is possible to simulate the aerial environment as well as the
image of the aircraft cockpit. A VR headset enables a stereo image of the
pilots' workspace and gaze sweeping inside and outside the cockpit. The
headset has an OLED display with 2060 X 1200 resolution and a 90Hz
refresh rate. The field of view (FOV) is 110 ° and the tracking area is 12.7
by 27.94 cm'. The sensors include accelerometers, gyroscopes, and
magnetometers. The system enables full 360-degree positional tracking.

Other training hardware and software

The commercial flight simulator created in the Military Academy
provides connection for many other devices that can be used in cadets'
training and evaluation. The most important is the GP3 Desktop Eye
Tracker device.

In nearly all human-computer interactions, the most basic point of
connection between an interface and its user is the eye. Eye tracking has
been an important source of information about perception and cognition
for more than 50 years. It has been utilized to study a diverse number of
topics such as the patterns of fixations and saccades while reading a
text, the workload of pilots during different phases of flight, the
application of different scan patterns in flight training, the role of pilots'
monitoring strategies in flight performance and the effectiveness of visual
advertisements among many others. In the Military Academy case, pilot’s
eye movement patterns are recorded by using the GP3 Desktop Eye
Tracker. The GP3 Desktop Eye Tracker is a complete eye tracking
system used as a device for measuring eye positions and eye
movement.

The role of the GP3 Desktop Eye Tracker is to make assessment
during flight simulation. The assessment is done regarding the senses
and skills necessary for flying as well as piloting skills in the air. The
Piloting techniques are assessed in the air according to standard
practices for monitoring, assessment, and evaluation.

Assessment helps cadets to improve their ability to successfully
cope with the flight syllabus and develop the required pilot aptitudes.

The biggest contribution of this kind of equipment is in improving the
pilot selection process using eye tracking tools (Vlaci¢ et al, 2019).

The Sky Demon is one of numerous electronic flight bag software
programs available on the market. It enables flight planning as well as
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GPS navigation in the air. Its special features include real-time updates
of aeronautical information. For navigation training purposes only, the
internal simulation software, called the X-plane, enables the simulation of
the flight along the planned route. Furthermore, it is possible to connect
the Sky Demon in the simulation mode with Microsoft Flight Simulator via
the FSX2SkyDemon application available on the Google Play Store. This
small application receives the data from the FSX software and presents
the information about the aircraft performance and position in the form of
a track plot on top of the Google Earth maps. At the same time, it
forwards the data to the Sky Demon software and makes it look like the
user is flying a real airplane. Real-time aeronautical information from the
Sky Demon, especially the information about the wind has a feedback
impact on the aircraft performance in FSX.

For navigation training, the Sky Demon software installed on a tablet
is connected with Microsoft Flight Simulators (Figure 5).

Figure 5 — Connection of the Sky Demon tablet with Microsoft Flight Simulators
Puc. 5 — NodcoeduHeHue nnaHwema c npoepammol Sky Demon k aguacumynssmopy
Microsoft Flight Simulators
Cnuka 5 — lNosesusare mabriema koju nocedyje npoepam Sky Demon ca npozpamom
Microsoft Flight Simulator
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Diversity and fine balance of devices used in the showed digital
concept provided a step forward into better basic flight training.
According to internal documents, there were no failures in basic flight
training after the implementation of the digital training concept.

Conclusion

Basic flight training is considered as the most important phase of
flight training and a core of a successful process of making future military
pilots. This training phase has experienced significant changes with the
introduction of the Lasta piston engine trainer which belongs to the
Technically Advanced Aircraft category. This aircraft is characterized by
a high degree of cockpit digitalization and aircraft systems as a whole.
The technical level of the Lasta aircraft equipment requires a great effort
towards achieving a required level of confidence and safe operation. In
order to attain a desired level of safe flying with a glass cockpit, ground
training with the use of digital synthetic devices is also necessary.

The developer of the Lasta has not provided training devices and
simulators yet. The Military Academy staff developed and procured a
whole spectrum of training devices in order to make the training process
more effective. Digital training as a type of training includes a variety of
digital devices in order to improve the quality of flight training. In the case
of basic flight training in the Military Academy, the digital concept of
training consists of:

Interactive learning materials;

Flight Simulator based on commercial software;

VR devices;

LMS; and

Other training hardware and software.

The first generation of cadets - pilots who started their flight training
after practicing on this simulator shows a better performance in the basic
stages of the flight syllabus. The COTS based simulator was the core for
other peripherals.

VR offered new opportunities to significantly enhance the flight
training process. Cadets learn faster and more efficiently while
remembering the lessons taught better.

The GP3 Desktop Eye Tracker has proved to be an assessment tool
during the simulated flight training. Assessment is done regarding the
senses and skills necessary for flying and piloting skills in the air. The
biggest contribution of this kind of equipment is in the improvement of the
pilot selection process using eye tracking tools.
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Despite the fact that the digital training concept is hot mandatory in
the existing flight training model in the Serbian Military Academy, it
proves valuable. Its potential is considerable, and, to a certain extent, it
can change the nature of basic flight training. Due to the digital training
concept, cadets can fly more safely and their flying skills are acquired
faster.
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BHEOPEHWE KOHUEMUWW SNIEKTPOHHOIO OBYYEHVA B
NPOrPAMMY OCHOBHOW NETHOU NOAroToOBKM B BOEHHOW
AKAOEMUN PECIMYBINKU CEPBUNA

Cnasuwa V. Bnauny?, koppecnoHaeHT, AnekcaHoap 3. KHexxeBuny?,
Briadumup M. Mp6osny®, MMaroc A. Butcac®, Muxatino (Madik) C. Muxannosmy"

3 YHuBepcuteT 06opoHbl B . Benrpaa, BoeHHas akagemus,
Kadenpa BoeHHow aBuauwmu, r. benrpag, Pecnybnvka Cepbus

6 BoopyxéHHble Cunbl Pecnybnukm Cepbusi, BoeHHO-BO3yLLIHbIE CUTbI U
MpoTnBoBo3ayLHas obopoHa (BBC u MBO),
r. benrpag, Pecnybnuvka Cepbus

& MexayHapoaHas LKora neTynkoB-ucneITatenen,
r. JlonaoH (OHTapwo), KaHapa

" MpaeuTtenbcTBo OHTapuo, r. TopoHTo, KaHaaa;
MRTD Defense Eng, r. TopoHTO, KaHaga
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£

PYBPUKA TPHTW: 78.00.00 BOEHHOE AEJIO:
78.25.13 BoeHHasa aBMaLMOHHasa TEXHUKA N BOOPYXKEHME,
78.21.49 BoeHHast anekTpoHuKka 1 knbepHeTnka

BWO CTATbW: opurmHanbHasa Hay4yHas ctaTtbs

Pe3some:

Beedenue/uenb: B cmambe npedcmaeneH 0630p  MocrieOHUX
uccrniedosaHuli 8 obsacmu KOHUenuuu 371eKMPOHHO20 0byHeHus,
npumeHsiemol 8 riemHol nodzomoeke 8 BoeHHoU akademuu Pecriybriuku
Cepbus. JlemHas nod2omoeka Se155emcs 3a51020M yCriewHo20 oby4YeHus
B80eHHbIX nemyukos. OHa nolpasdernsiemcss Ha 3marl OCB0EHUS
OKPYXXeHUs1 U aman peanusayuu. nagHol Yacmeto U S0pPOM ycrewHou
JsiemHoUl nod2omoeku S18rsiemcsi OCHo8Has1 fiemHasi nod2omoska. 3dmom
aman obydYeHus1 romepres 3Ha4YumesibHble U3MEHeHUs!, ecredcmeue
B8HEOPEHUST MEXHUYECKU ycosepuieHcmeosaHHblx camoriemos (TAA),
0511 KOmMopbIX XxapaKmepHa 6bicoKasi cmereHb yughposu3auuu He
MOoJIbKO CMeK/IsiHHOU KabuHbl, HO U cucmeMbi camoniema 8 uesrom. B
OaHHOU ces3u, HeobxoOum uHOU memoodosioeudeckull nooxod K
0by4eHuUro, eKYaoWull  KOHUENUUI 3eKmpoHHo20 0by4eHus. B
cmambe rpedcmaesrieH psd 00CMUXeHUU U peweHuUl, UCMob3yeMbiX 8
OCcHosHoU nemHol nodeomoeke 8 BoeHHoOU akademuu Pecrnybnuku
Cepbusi, ¢ npumMeHeHUEM 3MIEMEHMO8 KOHUENUUU 3M1EeKMPOHHO20
obyyeHus.

Memodebi: Ucrionb3ysi Hay4qHbili 1100xo0, Obin1 nposedeH aHanu3
uyughposusayuu cmeknssHHoU kabuHbl camoriema U pe3yibmarnos
8HeOpeHUsT HOBOU KOHUernuyuu Oby4YeHUS 8 OCHOBHYIO JIeMHYIO
rnodzomosky 8 BoeHHol akademuu Pecnybnuku Cepbus.

Pesynbmamebl: Ha ocHogaHuu npogedeHHO20 Memodorioaudecko20
aHarnu3a 8blsi8/ieHbl 3Ha4eHue U UEHHOCMb KOHUENUUU 31EKMPOHHO20
0byyeHusi 8 pamkax OCHO8HOU rlemHouU nod2omoeKu.

Bb1800bi: Boripeku momy, 4mo KOHUENUusi 371eKMPOHHOU nod20moeKuU He
sensiemcsi obsizamernibHOU Yacmbio cyujecmeyroweli Modesnu f1emHol
nodeomoeku 8 BoeHHoli akademuu Pecrnybriuku Cepbusi, oHa sienissiemcsi
gecbMa 3HayumernbHoOU U UeHHoU. Ee nomeHyuan HacmorbKo
3HayumerieH, 4mMo 8 orpedenneHHoU CmerneHu, MOXem U3MeHUMb
Xapakmep OCHO8HOU siemHol nodaomosku. KoHuenuusi arekmpoHHO20
obyuyeHusi criocobcmeyem 6e3onacHocmu  KypcaHmos 6 6ydyujux
rnoriemax, a makxe YCKOPEHUKO rpoyecca npuobpemeHusi nemHbix
HaebIkos. B ces3u ¢ npuobpemeHuUeM HOBbIX COBPEMEHHbIX CaMOoremos
BBC u [IBO Pecnybnuku Cepbusi, kaxObill acriekm KOoHUernuuu
371IEKMPOHHOU M0020moeKu O0/mKeH 6bimb MuamesibHO PaccMOMpPEH,
0CcObeHHO Ha amarie OCHOBHOU riemHol MoO20MOBKU, 6KIYas amari
rnepexoda K HoO8bIM muriam caMosiemos.

Knoueeble croea: nemHass MoO020moeKa, CmekrnsHHas KabuHa,
3nekmpoHHoe obyyeHue, y4ebHble cpedcmea.
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NPNUMEHA KOHLIEMTA ANTUTANHE OBYKE Y OCHOBHOJ
NETAYKOJ OBYLIN HA BOJHOJ AKAOEMNJIN

Cnasuwa V. Bnaunh?, aytop 3a npenucky, AnekcaHOap 3. Knexesuh?,
Briadumup M. p6oeunhS, MMaroc A. Butcac®, Muxajno (Majk) C. Muxajnosuh’
2YHusepautet oabpaHe y beorpagy, BojHa akagemuja,
Kateppa BojHor Basayxonnoectea, beorpaa, Penybnuka Cpbuja
6 Bojcka Cp6uje, PaTHO Ba3ayxonnoBCTBO M NPOTMBBAa3ayXonnoBHa oabpaHxa,
Beorpag, Penybnuka Cpbuja

® MehyHapogHa wkona 3a onuTtHe nunoTe, JloHgoH (OHTapuo), KaHaga

" Bnaga OHtapuja, TopoHTo (OHTapwuo), KaHaaa;
MRTD Defense Eng, TopoHTo (OHTapuo), KaHapa

OBJIACT: Ba3gyxomnnoBCcTBO, MHOPMaLIMOHE TEXHONOInje
BPCTA UJTIAHKA: opuruHanHu Hay4Hu pag

Caxemak:

Yeod/yurb: Y pady cy npedcmasrbeHa HedasHa ucmpaxuearba Yy
obnacmu KoHuenma AuaumarnHe obyke NMpuMeHeHo2 y fiema4koj obyyu
Ha BojHoj akademuju Penybnuke Cpbuje, Koja YUHU OCHO8Y yCHEWHO2
obpasosarba 80jHUX runoma. HbeHa rnodena 3acHogaHa je Ha OKpyXerby
u ¢hasu peanusayuje. asHuU 0eo u OCHO8Y ycriewHe nemayke obyke
npedcmaerba OCHOBHa riemadka obyka. Oea ¢hasza obyke doxueena je
3HayvajHe nMpomeHe ysofjerbeM mexHUYKU HarpedHux asuoHa (TAA) koju
ce 0071UKYjy 8UCOKUM cmerieHoM Ouaumarnu3ayuje kabuHckoz rpocmopa
u cucmemMa aguoHa y uenuHu. CxodHo mome, nompebaH je Opyeaduju
memodosiowKku npucmyn obyuu, ykrbydyjyhu KoHuenm duaumarnHe
obyke. NpukasaHa cy docmueHyha u rnojeduHa pewera Koja ce kopucme
y OCHogHOj nemadkoj obyyu Ha BojHoj akademuju, y3 npumeHy
enleMeHama OueumarHux KoHuernama obyke.

Memode: Kopucmehu Hay4dHu npucmyn u3sspweH je ysud y
Oueumarnu3auyujy nUIomcKux KabuHCcKuX npocmopa u uMmrnemMeHmauuje
HOB02 KOHUerma Yy OCHO8HY riemaydky obyKy Ha BojHoj akademuju
Penyb6nuke Cpbuje.

Pesynmamu: Ha ocHosy rpumerseHe Memode aHasnuse rpukasaHu cy
3Hauaj u epedHocmu KoHuernma duaumariHe obyke y OCHOBHOj rlemaykoj
obyyu.

Sakrbyuak: Wako koHuenm OQueumarnHe o0byke Huje obaeesaH y
rnocmojehem modenty nemadvke obyke Ha BojHoj akademuju Cpbuje,
rokasarso ce Oa je eeoma 3HadqajaH. Hbeeoe nomeryujan je eenuku u, 0o
o0peheHoz HugoOa, MOXe [POMeHUMU KapaKmep OCHOBHe Jiemayke
obyke. 3axsarbyjyhu KoHuUenmy OQuaumarnHe o0byke, kademu KacHuje
moey 6e3bedHuje ynpasrbamu fiemenuyama u bpxe cmuyamu riemaydke
gewmuHe. Y cknady ca HabagkoM HOBUX caspeMeHUX aguoHa y PamHom
gasdyxorioecmey U npomuesasdyxornnosHoj o0bpaHu Bojcke Cpbuje,

107

Vlaci¢, S. et al, Implementation of the digital training concept in the basic flight training in the Serbian Military Academy, pp.87-108



a‘ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2022, Vol. 70, Issue 1

ceaKu acrnekm KoHuenma OueumasnHe OOyKe Mopa Cce Naxibueo
pasmompumu, MocebHo y ¢hasu ocHogHe jlemadke obyke, YKibydyjyhu u
¢hase npesnacka Ha Ho8e MUroee aguUoHa.

KrbyyHe peyu: nemadka ob6yka, cmakieHu KabUHCKU n[pocmop,
OuaumarHa obyka, cpedcmea 3a 0byKy.
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Abstract:

Introduction/purpose: The paper presents a model of logistics support
planning in the conditions of limited logistic resources based on the
prioritization of customer requirements and resource allocation. Decision-
makers play a crucial role in the efficient and equitable allocation of
resources as they prioritize among different user requirements.

Methods: Requirement prioritization techniques that use nominal scale,
ordinal scale, and ratio scale, and five methods for converting ranks into
weighting coefficients have been applied to determine the degree of
significance of user requirements. The Requirements triage method has
been used for establishing relative priorities, while the heuristic algorithm
determining the Kemeny median was used to consolidate individually
ranked requests into a group rank. In order to balance opposing demands
of users, consensus measures of group decision making were used. For
obtaining an optimal planned solution of logistic support, the methods and
techniques of resource allocation were applied.

Results: A model for adaptive planning of logistics support in the
conditions of limited resource capacities of the logistics system has been
developed.

Conclusion: The proposed model can be effectively applied in other areas
of resource allocation.

Keywords: logistics planning, requirement prioritization, triage,
converting ranks into weights, resource allocation.

Introduction

Logistics support planning is a highly complex problem in a military
organization. Research shows that even the most powerful armies in the
world face numerous issues in planning the logistic support of military
operations (McConnell & King, 2019). The most common problems faced
by military logisticians are difficulties in forecasting, lengthy work,
mismatch of requirements, and poor visibility of logistic resources.

It is generally known that many logistics aspects (user requirements,
resource capacities, operational environment, time, etc.) are stochastic,
dynamic, and nonlinear, which causes high sensitivity of the logistic
system (Milenkov et al, 2020).

For military units to maintain the combat strength needed to conduct
operations in the new environment, whether combat or
humanitarian, research shows that armies will need to fundamentally
improve their logistics models used in the previous period and conduct
extensive logistics planning (Hurley & Coleman, 2018).
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During the logistics support planning process, logistics bodies have
an essential role, first to understand and then to balance opposing
requirements of users, and with their knowledge, competence, and ability
to create an optimal Logistics Support Plan which will, in the observed
planning period, ensure the best overall military organization
performance with a limited resource capacity of the logistic system (Jia et
al, 2020).

All these limitations motivated the authors to explore the possibility
of applying the allocation of limited resources to the existing logistics
system and develop an awareness of the need to modernize the way of
thinking, decision making, and reducing the stress of logistics organs due
to increased outflow of staff.

Whenever deadlines are short, resources are limited and user
requirements exceed the resource capacities of the logistic system, it
implies that some requirements would not be completely met. In that
case, it is necessary to decide which requirements will be fully
completed, which partially, and which will not be completed, i.e. it is
essential to prioritize the requirements and allocate resources with which
the conflicting user requirements will be met to a certain
extent. Accordingly, priority prioritization and resource allocation are
significant activities in logistics support planning.

Determining the needs for ammunition (Zlatnik & Mares, 2020), fuel,
spare parts, food and water items, determining the occurrence of failure
on assets, as well as the place and time of service procedures, requires
extensive calculations and forecasts. To take specific measures to meet
these needs, logistics authorities must gain direct insight into the state of
availability of resource capacities of the logistics network (no matter
whether it is material stocks or maintenance capacities). These problems
cannot be adequately solved without modern decision support tools that
can predict rapid changes in logistic requirements and analyze the
resource capacities of the logistic network (McConnell et al, 2021). Some
of these tools, which can be found in the literature, belong to MCDM
methods: MARCOS, CODAS, EDAS, VIKOR, MABAC, and many others
(Li et al, 2020).

MARCOS (Measurement of Alternatives and Ranking according to
COmpromise Solution) considers an anti-ideal and ideal solution at the
very beginning of the formation of an initial matrix, closer determination of
utility degree concerning solutions, a proposal of a new way to determine
utility functions, a possibility to consider a large set of criteria and
alternatives while maintaining the stability of the method (Sarma et al,
2020).
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CODAS stands for COmbinative Distance-based Assessment, and it is
used to determine the desirability of an alternative. This method uses the
Euclidean distance as the primary and the Taxicab (hon-Euclidean) distance
as the secondary measure, and these distances are calculated according to
the negative-ideal point. The alternative which has greater distances is more
desirable in the CODAS method.

The desirability of alternatives in the Evaluation Based on Distance from
Average Solution (EDAS) method is determined based on their distances
from an average solution. Because the average solution is determined by the
arithmetic mean in this method, the EDAS method can be efficient for solving
stochastic problems.

VIKOR (Multicriteria Optimization and Compromise Solution in
Serbian) solves decision  problems  with  conflicting and
noncommensurable (different units) criteria. Assuming
that compromise is acceptable for conflict resolution, the decision-maker
wants a solution that is closest to the ideal one, and the alternatives are
evaluated according to all established criteria. It ranks alternatives and
determines the solution named compromise that is closest to the ideal.

The MABAC (multi-attributive border approximation area comparison)
model handles the complex and uncertain decision-making issues by
computing the distance between each alternative and the bored
approximation area (Pamucar & Savin, 2020).

Based on all the above, the goal of this paper primarily indicates the
growing need to develop the logistics planning process, and the final
transition from traditional thinking to more modern, innovative solutions to
keep pace with foreign armies. In practice, this would be reflected in a
fast decision-making process using information systems based on
modern resource allocation models to reduced logistics staff effort and
shorten response time.

The current process of manual logistic support planning requires a
high level of resourcefulness, combinatorics, and calculations to perform
all the defined tasks with the best possible results. Based on practical
experience, the method of allocation of limited resources was applied in
this paper as a starting point for the development of a simplified logistics
support plan. Certainly, this paper should contribute to the development
of logistics support and the planning process in the army in general,
given that the existing literature does not recognize this way of solving
the allocation of resources (Daoud et al, 2021).

Nowadays, research shows that even in modern armies, logistics
planners do not have adequate tools to help them provide quick answers
to questions, especially in a time-limited expedition planning environment
(Schwartz et al, 2019). Therefore, the development of more intelligent
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planning and analytics tools is enabling the military to expand logistics
innovations further and improve the efficiency of the logistics system.

Basic features of the logistics support planning

The logistics support planning is a complex undertaking that requires
good forecasting, logistics network optimization, and risk analysis in a
highly uncertain environment (Rogers et al, 2018).

The goal of the logistics support planning is to determine the optimal
logistics resources, as well as the order, manner, and deadlines for
performing logistics support tasks and elaboration of measures, based on
the elaborated variant of using engaged forces, objective assessment of
the situation, and accurate calculations and activities to increase the
efficiency of the logistics system, its stability, and vitality.

Logistics support planning is a segment of the operational planning
process and represents a very dynamic process with a defined goal that
takes place at a specific time. It requires a creative and organized action
of the logistics management bodies which is a necessary condition for
achieving a certain degree of organization in preparing executive logistic
staff and their precise work plan. The action should be harmonized
concerning the set goal, time, and space for the execution of tasks.

In the last period, the countenance of modern military operations has
changed radically, which has led to a change in the operational
environment and the use of military forces. Modern operations are
primarily reflected in the increasingly stringent and complex requirements
of users in terms of speed, safety, quality, quantity, and diversity of
providing the necessary resources. The emerging operational
environment is changing rapidly and requires rapid responses, which has
led to traditional military planning not offering good enough solutions.

New approaches to military planning should be able to deal with
emerging issues by providing solutions that are robust to deviations from
ordinary circumstances and be easily adaptable to new information that
becomes known during the execution of the plan, thus increasing
effectiveness and efficiency in military operations (Zeimpekis et al,
2015).

Traditional planning seeks solutions that require minimal
modifications of the plan during the execution phase. Such an approach
to initial plan development may require relatively large calculations. On
the other hand, agile planning requires quick solutions that allow a plan
modification and re-planning to anticipate events and information during
the execution phase (Zeimpekis et al, 2015).
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The basic elements considered in logistics support planning for a
military operation, as complex actions of the project type, are user
requirements viewed as activities to be serviced, time, resources, and
costs.

Resources are usually of limited capacity, which leads to the fact
that user requests for a specific type of resource are more significant
than the ability of the logistics system to fully meet all requests in one
particular (given, planned) period of time. In that case, the process of
planning the allocation of limited resources is very complex because the
logistics authorities are faced with the problem of how to provide an
effective, efficient and fair way to meet user requirements while obtaining
the most significant global utility of the military system.

Implementing an effective policy of planning and resource
management in military logistics requires constant monitoring and a
comprehensive analysis of the availability of actual and potential logistic
resources. This enables the development of an optimal system of
resource allocation among interested users, taking into account the
introduction of modern technologies and energy savings (Kostiuchenko &
Solomon, 2020).

The approaches to solve the problem of the rational allocation of
limited logistic resources, in the logistics planning process, depending on
the policy of resource adjustment, can be classified as follows:

- To firmly set a deadline, with a known scope and type of

requirements and engage resources sufficient to all user requirements
to be met. In this case, a cost minimization strategy is applied,;

- To find a solution for known available (limited) resources, with a

known scope and type of requirements, which will provide a
minimum extension of time to provide the necessary resources
and meet all user requirements. In this case, a time minimization
strategy is applied;

- To select the type and scope of requirements that can be met, to

achieve maximum effects, for known available (limited) resources,

in a firmly set period of time. In this case, the strategy of maximizing

the global utility is applied, i.e. the rule of allocative or Pareto

efficiency.

In the process of the logistics support planning, logistics staff should
continuously observe, study and analyze user requirements in different
ways and from different points of view, and generally have to make many
decisions based on individual perception and experimentally chosen
criteria, to respond to the requirements as rationally as possible to users
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with available resource capacities of the logistics system (Milenkov et al,
2020).
Figure 1 presents a logistics support planning model.

Customer satisfaction
policy

—  —

User Resource
requirem- Logistics gupport Cagftﬂges
ents planning th

logistics

[
[
Variants of the

Logistics Support
Plan

Figure 1 — Logistics support planning model
Puc. 1 — Modenb nnaHuposaHusi noeucmu4eckoli moO0epKKu
Cnuka 1 — Moden nnaHupara rnoeucmuyke nodpLuxke

The result of the planning process is the Logistics Support Plan, a
document in which the planning actions are written towards the set
goal. The development of the plan concretizes the goal and determines
in more detail what needs to be done to reach the goal, having in mind
the probable development of future events. The concretization of the goal
includes answers to the questions: what needs to be done, who needs to
do it, when it needs to be done, where it needs to be done, with what to
do it (with what resources), and how to do it. It aso needs back-up
solutions in the case the assumptions and limitations on which the plan
change is based (Andreji¢ et al, 2004; Andreji¢, 2001).

The plan must be flexible enough to allow for changes and additions,
thus expressing the continuity of the planning process. So, continuity of
planning requires reviewing the goals and, if necessary, redefining them,
i.e. revising the plan in certain time intervals. In general, the logistics
support planning process includes the following steps:

- Determining customer requirements, expressed through the
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necessary resource capacities of the logistics system;

- Determining the available resource capacities of the logistics
system in the observed planning period;

- Determining the deviation of the required and available
resource capacity;

- Choice of policy to meet customer requirements;

- Development of alternative planning solutions;

- Selection of a planning solution from the set of acceptable
solutions; and

- Concretization (detailed elaboration) of the selected planning
solution.

These activities indicate that in the process of logistics support
planning, it is necessary to apply adequate models for the allocation of
limited logistic resources in accordance with the conflicting requirements
of the users to achieve better global utility of military formation.

It is obvious that solving the problem of allocating limited resources
during the logistics support planning process requires the involvement of
several stakeholders, which in organizational terms is a collective (group)
way of decisions making. Therefore, it is imperative to adhere to certain
principles, adopted priorities and present restrictions to mitigate the
conflict of the user requirements and make the Logistics Support Plan as
efficient as possible.

Logistics support planning based on prioritization of
requests and allocation of limited resources

In the broader context of logistics support planning, the first
important question that arises is what to allocate and to whom to allocate
it, while the second question is how much to allocate. The answers to
these questions are very complex and must be assessed against the
higher goals of the military organization, especially when there are limited
resource capacities of the logistics system. In this regard, the problem of
resource allocation is an essential and challenging task in logistics
support planning, where logistics resource capacities such as material
resources, intangible items (e.g. services), and human resources are
allocated in accordance with user requirements.

In general, the problem of resource allocation is present in various
fields and attracts the attention of many researchers and
practitioners. Different approaches to resource allocation are presented
in the literature, which is based on specialized mathematical models and

116



algorithms (Luss, 2012). These models are used in many areas, such as
industrial production management, communication, and computer
networks, emergency services, health services, air traffic, allocation of
water rights, environmental and military issues (Luss, 2012; Meran et al,
2021; Skobelev, 2011; Hameed et al, 2016).

The central question in resource allocation problems is how to
optimize a goal based on certain criteria. In such problems, there are
often contradictions and tensions in establishing a certain balance
between user requirements because achieving one value can be
detrimental to another. These problems are often modelled so that the
immediate outcome of optimization is a Pareto set of sustainable
solutions (Chevaleyre et al, 2006; Ogryczak et al, 2014).

If there are conflicting goals among interested users, the Pareto set
contains several solutions that represent different trade-offs in conflicts
over resources. The basic goal of solving such problems is to choose the
best compromise for a particular domain in which optimization is applied
(Luss, 1999).

Resource allocation is a problem of discrete optimization and
belongs to the category of NP-heavy (non-deterministic polynomial-time
hardness) problems. Finding solutions that meet all the limitations means
searching for a vast space of possible solutions. Therefore, the
application of advanced techniques that use different heuristics to narrow
the search space allows us to find a solution that is close to optimal.

The development of fully automated systems for solving allocation
problems is often rejected in practice. The reason may be restrictions
that are difficult to register fully, decision criteria difficult to
determine, and end-users not usually being experts in using complex
mathematical concepts such as large matrices of mathematical
programming or weighting factors of multicriteria optimization.

In the conditions of uncertainty, logistics staff in charge of logistics
support planning often have incomplete, inaccurate, contradictory,
insufficiently clear, and insufficiently reliable information on user
requirements and available resource capacities of the logistics system,
which complicates the process of determining the distribution of
resources in the logistics system in accordance with customer
requirements.

In the case when resource capacities of the logistic system are
insufficient to meet all user requirements, specific heuristic rules can
provide great assistance to logistics authorities in choosing a policy to
meet user requirements, such as:

- Rule "First come, first served";
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- Rule "The most urgent request is served first";

- Rule "The request whose realization lasts the shortest is served
first";

- Rule "The nearest date is executed first" (request with the shortest
time - waiting period);

- Rule "Priority of requests, i.e. ranking of requests according to the
degree of significance".

Prioritization of requirements has proven in practice as an effective
strategy in the allocation (distribution) of resources that facilitates the
decision-making process and allows suppliers to efficiently and fairly
provide resources to a larger number of users (Luss, 2012).

Limited resource allocation model

To solve the problem of the logistics support planning, it is
necessary to know the requirements of users (i=12,...,m) for a

particular type of resource (Bij), and, on the other hand, it is necessary

to know the availability of required resource capacities of the logistic
system (Rj) for the observed planning period.

The value (B ) represents the needs of the i-th user (i =12,...,m)

ij
m

for the j-th type of resource (j=12...,n), i.e. B, = > By it represents
i=1

the total required amount of the j-th type of resource of all m users. At the

same time, the size (Rj) represents the availability of the j-th type of

resources in the observed planning period.

Satisfaction of specific user requirements with the j-th type of
available resources (R j) can be presented as follows:

k | m
Rj:;RJ+ZRS+ZR”T (1)

i=k+1 i=l+1
where:
Rj+ - the amount of the j-th type of resource with which it entirely (100%)

meets specific user requirements (i =1,...,k),
R -

J
requirements are partially met (i =k+1,..., I),

the amount of the j-th type of resource with which specific i-th user
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RJT - the missing amount of the j-th type of resource due to which the i-th

user requirements are determined (i =] +1,...,m) unsatisfactory.

Depending of resources availability, two basic planning categories
can be applied: resource levelling and resource allocation.

The problem of levelling resources arises in the case when there is a
sufficient amount of available resources of the logistic system to meet all
user requirements in the observed planning period entirely. Here, it is
essential to fulfill the condition of timeliness of satisfying all user
requests, which is achieved by determining the order of satisfying user
requests for a specific type of resource.

In this case, the needs of all users are fully met, and the solution to
the problem of resource planning is unambiguous and comes down to

the distribution of the size of available resources (Rj) of a series of
quantities (Bij ) where the condition is satisfied:

&:2%3& (2

The size Rj represents the available amount of resources, i.e.

Rj = R'j +1;, where the size R; represents the number of resources that

are allocated to user requirements, while r; represents the number of

resources that remain after distribution, i.e. represents the excess
resources for the observed planning period.

The problem of resource allocation occurs when resources are
limited, i.e. insufficient to meet all user needs in the observed planning
period, which can be mathematically represented with the following
expression:

B, =Y B, >R, (3)
i=1

In this case, there is a shortage of resources, which for the j-th type
of resource is:

AR; =B; =R, 4
The size ARJ. should be taken away from the users in some way to
cover the existing lack of required resources.
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The solution to this problem comes down to allocating the available
amount of the resources R; to the order of new guantities b;; to satisfy

the following condition:

m m
R; =>"b; , respectively R => B, —AR, (5)
i=1 i=1
This can be done by shortening the required amount of resources to
each user by the number of missing resources 5”, SO thatARj

represents the total amount of missing resources that could cover the
resulting shortage or meet the condition:

AR, = ;5”. (6)

where: §; - reduced amount of the j-th resource to the i-th user.

Research on resource allocation problems shows that ranking user
requests according to the degree of importance, seeking or sharing the
same resource, is an important activity when deadlines are short and
resources are limited (Lehtola et al, 2004). Requirements prioritization is
the setting of ranks or ratings of importance to a set of requirements
based on specific criteria and according to the viewpoints of various
stakeholders (Moisiadis, 2002, Ogryczak et al, 2014).

In addition, when ranking the requests, what is important is the
method of determining the coefficient of the significance of the request
concerning the obtained rank.

From the set conditions and specific priority requests of the user
(Kij) for a specific type of resource, the coefficient of the significance of

the request of the i-th user for the j-th type of resource can be determined
(:uij € [011]) .

From the above conditions, the appropriate relative coefficient of the
significance of satisfying the user's request for the j-th type of resource
(,Hij ) whose value is:

B,
ij = n om (7)

w33

where:
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Bij - the size of the required j-th type of resources by the i-th user for the
observed planning period,
L - the coefficient of the significance of the request of the i-th user for

the j-th type of resource, and
M - number of users.

In that case, the reduced amount of the j-th resource to the i-th user
can be determined by the following relation:

5ij :,Bij 'ZARJ' (8)
j=1

In this situation, the amount of the j-th resource allocated to the i-th
user is:

b; = B, -5, ©)

The assessment of meeting the requirements of the i-th user with
the j-th type of resources after reducing the planned amount is
determined by the coefficient of individual service of the user:

b,
/lij :E (10)

ij
In this way, it is ensured that the coefficient of individual customer
service 4;; is equal to the coefficient of the average service 4; of all p

users (0 <p<s m) with the same priority of satisfying the requirements
with the j-th type of resource.

In this case, the coefficient of average customer service with the
same priority resource is:

b *
Z by

Aj="t— (11)
Z Bii
i=1

The procedure in this model of allocation of limited resources
ensures that the Plan of allocation of limited (insufficient) resources is
rational, fair, and correct for all users because all the set conditions are
met.
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Requirements prioritization techniques

One of the key problems of optimal allocation of limited resources is
setting priorities to meet user needs. However, this problem can be
overcome by using specific techniques, methods, and approaches of
prioritization.

Numerous user prioritization techniques have been presented in the
literature, see (Vestola, 2010; Achimugu et al, 2014; Khan et al, 2015;
Qaddoura et al, 2017; Hudaib et al, 2018; Olaronke et al, 2018).

In general, request prioritization techniques can be divided in two
categories. Techniques include requirement prioritization methods and
requirements negotiation approaches (Olaronke et al, 2018).

Request prioritization methods are classified into methods that use a
nominal scale, ordinal scale, and ratio scale, while approaches to
negotiating claims focus on assigning priority to meeting requirements
through consensus of stakeholders.

Nominal scale methods allow requests to be assigned to different
priority groups, where all requests in one priority group are treated
equally. Ordinal scale methods result in an orderly list, so it is possible to
see which requirements are more important than the others, but not by
how much, while relationship scale methods give a relative difference
between requirements, i.e. they can quantify how much more important
one request is than another. In addition to these methods, other methods
are cited in the literature, such as Interval Scale, Hybridized Scale, and
Machine Learning (Olaronke et al, 2018).

Each of these methods and techniques is characterized by different
challenges, as none can be considered the best given the problems that
accompany them, such as reliability, consistency, consensus when
multiple stakeholders are involved, as well as difficulties when there is a
large number of requirements, etc. In addition, some take more time but
give more accurate results (Zou et al, 2019).

In practice, it becomes challenging for decision-makers to choose
the correct method and techniqgue when prioritizing requirements. In
many cases, decision-makers are faced with the fact that not all
requirements can be fully met due to limited resources and time. This
means that it must be decided which of the requirements can be
removed from the observed set of requirements and which requirements
can be partially satisfied.

However, the development of models based on hybrid approaches
that include a combination of different methods and techniques, as well
as reaching consensus among stakeholders, can be considered as
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promising models in decision-making when prioritizing customer
satisfaction (Wei et al, 2021).

The Requirements triage method is a handy tool for establishing
relative priorities in the assessment of resources to meet user
requirements, where requests are most often classified into three groups
on a nominal scale, as follows:

- High priority requirements (critical, fundamental), which must be
fully met;

- Standard priority requirements (quite important), which can be
partially met; and

- Low priority requirements (irrelevant, not mandatory), which do not
have to be met in the observed period.

After the triage of requests, the next step is to rank those requests
that can be partially met according to the degree of importance
depending on their position on the ranking list.

Let X ={X,,X,,...,X, | be a set of predefined options (requirements),
where X; represents the i-th requirements (i=1,...,n). Let

D={d,,d,,...,d, } be a set of decision-makers, where d, denotes the k-
th decision-maker (k=1...,m). Each decision-maker d, € Dcan

express their preference information using different preference
structures.
The procedure of the rank selection process is given as follows:

Step 1: Obtaining the individual preference vectors

Let Rk:{rlk,rzk,...,rk} the individual ranking vector, where

n

r* represents the i-th rank of requirements (i =1,...,n), which is given by
the decision-maker d, .

Step 2: Obtaining the collective preference vectors
After obtaining individual preference vectors by different decision-
makers, for calculating the collective preference  vector

Rc:{rl°,r2°,.. rc} where I, represents the i-th rank of requirements

R B

(i =1..., n), in this paper, the heuristic algorithm of the median Kemenia
is applied (Milicevi¢ & Milenkov, 2014).
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Step 3: Consensus reaching process

A consensus-reaching process is a dynamic and iterative group-
discussion process that helps the decision-makers to bring their opinions
closer before making a decision (Pérez, 2018). This process consists of
several rounds where the decision-makers discuss and change their
preferences according to the suggestions given by a moderator. Usually,
the moderator is a person who does not participate in the discussion, but
he or she helps the decision-makers to make their preferences closer to
each other. The moderator's tasks are 1) computing the consensus
measures, 2) checking the level of agreement, and 3) generating some
advice for those decision-makers that should change their minds.

To calculate the level of consensus, the ordinal consensus degree
(OCD) measures is applied in this paper, The OCD is defined as the
deviation between individual preference vectors and collective preference
vectors (Dong & Zhang, 2014), as follows:

1 .
OCD(dk):n_zz‘rik —ri (12)
i=1

The ordinal consensus degree among all decision-makers is given
as follows:

OCD{dl,dz,...,dm}=%Zm:OCD(dk) (13)
k=1

If the OCD(d,,d,,...,d, )=0, then all decision-makers have

complete ordinal consensus with the collective option. Otherwise, the
smaller OCD{d,,d,,...,d, } value indicates the higher ordinal consensus

level among {d,,d,,...,d, .

When the level of consensus is not met, a feedback adjustment
procedure is applied to improve the level of consensus among decision-
makers, which is repeated until a predetermined level of consensus is
reached a (Tang et al, 2021).

Methods of converting ranks into weighting coefficients

Ranking user requirements and then converting ranks into weights
has certain advantages. The main advantage of this method of
determining the significance of user requests is that it is much easier to
rank user requests by applying specific methods of prioritization, and
then based on the obtained unified list of n prioritized (ranked)
requirements, determine the weighting coefficients of the significance of
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the requirements by applying specific methods for converting ranks into
weight values (Tufail et al, 2019).

In the literature (Milicevic & Milenkov, 2014; Alfares & Duffuaa,
2016), several methods for determining the weight values of the
coefficients based on their rank are presented. The following methods
were used in this paper:

1) Variable-slope linear (VSL) weights:

w, =100 —(3.19514 +Mj (r-1) (14)
n

2) Rank-sum (RS) weights:

w, =100-(n+1-r)/n (15)
3) Rank reciprocal (RR) weights:

w, =100/r (16)
4) Rank order centroid (ROC) weights:

100> 1/i
W, = Z':r (17)

r n .
D i
5) Geometric weights (GW):
100
W, =-——~ (18)
(v2)
where:
w; - weight value of the coefficient of significance of the request,
r - rank required, n - the total number of user requests.

The weight values of the coefficient of the significance of the
requirements obtained by these methods are in the range from 0 to 100.
By additive normalization, these values are reduced to the interval 0-1.

In this paper, the aggregation of the weight values of the coefficient
is performed by arithmetic averaging of the obtained values using the
above methods, with the following expression:

W W
== (19)
q
where:
g - the number of methods applied, and

j=12,...,n - the user request number.
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Application of the resource allocation model

For the observed planning period, the requirements of 5 users who
use the same resource of the logistics system were analyzed.

The logistics support planning process was implemented through the
following steps shown in Figure 2:

Step 1: Determine user requirements for a particular type of
resource
After the analysis, the user requirements were grouped into ten

homogeneous groups, with the total required capacity B, = 7000 of
resource units, as shown in Table 1.

Table 1 — Overview of the user requests for the same type of resource
Tabnuya 1 — O630p 3anpocos nosb3osamereli No 00UHaKo8OMYy mury pecypca
Tabena 1 — [peaned 3axmeesa KOPUCHUKa 3a Ucmy spcmy pecypca

Bl |B2 | B3 | B4 |BS B6 | B7 B8 | B9 | B10 | Total
K1 300 | 200 | O 100 | 100 | 100 | 250 | 100 | 150 | 200 | 1500
K2 100 | 200 | 100 | 200 | 300 | 150 | 150 | 100 | 200 | 200 | 1700
K3 0 0 200 | 100 | 150 | 300 | 200 |50 | 100 | O 1100
K4 200 | O 0 300 | 300 |50 | 100 | 100 | 250 | 200 | 1500
K5 0 100 | 200 | 50 | 150 | O 300 | 150 | 100 | 150 | 1200
Total | 600 | 500 | 500 | 750 | 1000 | 600 | 1000 | 500 | 800 | 750 | 7000

Step 2: Determining the available capacities of the logistics system
for the required type of resources

For the observed planning period, it was determined that the
logistics system for the required type of resources has a capacity of

Rj =5000 units of measure.

Step 3: Determining the deviation of the required (required) from the
available resource capacity

Given that the total required resource capacity of the user
isB; =7000 units of measure and that the logistics system has the

resource capacity of R; =5000 units of measure, there is a shortage of

resources in the system of AR, =B; —R; =7000—-5000 =2000 units of
measure.
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Step 4: Select a customer satisfaction policy.

The choice of customer satisfaction policy plays a key role, given the
present deficit of resource capacity of the logistics system. In this regard,
the “Priority of Requirements” rule has proven in practice to be a very
effective policy for the allocation of limited resources.

In this paper, the technique of request triage was first applied, where
after the analysis, it was decided which requirements will be fully
satisfied, which partially, and which will not be served. After that, the
technique of ranking the partially met requirements was applied to
determine their degree of significance to achieve the greatest global
usefulness of the system.

Step 4.1: Application of the triage requirement technique

By applying the request triage technique, the decision-makers
decided that the requests of users B7, B8, and B9 were fully met, and the
request of B10 was not met. It was also decided that other requirements
would be partially met by all users.

Table 2 — Overview of the user requirements after the triage
Tabnuya 2 — O630p 3anpocos nosib3osamernell nocne copmuposKU
Tabena 2 — lNpeeaned 3axmesga KOPUCHUKa HaKOH mpujaxe

B1 B2 B3 B4 B5 B6 Total
K1 300 200 0 100 100 100 800
K2 100 200 100 200 300 150 1050
K3 0 0 200 100 150 300 750
K4 200 0 0 300 300 50 850
K5 0 100 200 50 150 0 500
Total 600 500 500 750 1000 | 600 3950

Following the request triage procedure, the total required resource
capacity of the users is Bj =3950 units of measure, and the available

resource capacity of the logistics system is now R; =2700 units of

measure. So, there is still a deficit of resources in the system, which now
amounts to:

AR, =B, — R, = 3950 — 2700 =1250
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Step 4.2: Ranking the requests that are partially served

In the process of determining the degree of significance of the
requests that are partially served, five decision-makers participated in
ranking the requests B1, B2, B3, B4, B5, and B6.

Table 3 provides an overview of the ranked user requirements by
the decision-makers.

Table 3 — Overview of the ranked user requests by the decision makers
Tabnuya 3 — [Nposepka paHXupo8aHHbIX 3arpocos nosib3oeamesieli 0mMeemcmeeHHbIM
JIUYOM, NPUHUMAaKOWUM peLeHUsT
Tabena 3 — lNpeaned paHaupaHUX 3axmeea KopucHuUKa 00 cmpaHe GoHocuoua 00ryke

le];ilfé‘?g' B1 B2 B3 B4 B5 B6
DM1 1 2 4 3 6 5
DM2 1 2 3 4 6 5
DM3 3 1 2 5 4 6
DM4 1 2 3 4 5 6
DM5 2 1 3 5 4 6

Step 4.3: Consolidate individually ranked requests into a group rank

Consolidation of individually ranked requests by a group of decision-
makers into the final group order was done by applying the heuristic
algorithm to determine the Kemeny median.

After performing the procedure of binary relations between ranking
pairs, the obtained elements of the loss matrix are shown in Table 4.

Table 4 — Loss matrix element values
Tabnuya 4 — 3HayeHus anemMeHmos8 Mmampuubl MOMepk
Tabena 4 — BpeOHocmu enemeHama mampuue 2ybumaka

Bl B2 B3 B4 B5 B6
B1 0 0 0
B2 4 0 0 0 0
B3 8 10 0 2 0 0
B4 10 10 0 4 0
B5 10 10 10 6 0 4
B6 10 10 10 10 6 0
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Table 5 shows the procedure for applying the Kemeny median
algorithm to obtain the final group order of user requests in accordance
with the degree of significance.

Table 5 — Application of the heuristic algorithm of the Kemeny median to obtain a group
order
Tabnuya 5 — lNpumeHeHue agpucmuyeckoao anzopumma meduaHbl KemeHu 0ns
rosy4yeHus1 epynnoeoeo rnopsioka
Tabena 5 — lNpumeHa xeypucmuykoe anzopumma medujaHe KemeHuja 3a dobujar-e
epyrnHoe nopemka

Si(l) Si(2) Si(3) Si(4) Si(5) Si(6)
B1 8 2
B2
B3 30 10 2
B4 34 22 12 4
B5 42 30 20 10
B6 26 36 26 16 6 0

The final group rank of the requests is B2, B1, B3, B4, B5, and B6.

Step 4.4: To calculate consensus levels

By applying Egs. (12) and Egs. (13), the level of consensus is
calculated, which is OCD = 0.08889. The obtained level of consensus is
satisfactory, which means that the decision-makers do not need to adjust
their preferences.

Step 4.5: Determining the weight values of the coefficient of the
significance of the requirements

Table 6 shows the weight values of the coefficients of the
significance of the requirements based on their rank, obtained by
applying the method of converting the ranks into weight values.
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Table 6 — Weight values of the coefficient of significance of the request
Tabnuya 6 — Becosble 3Ha4eHUs1 KOaghghuyueHma 3Ha4yuMocmu 3anpoca
Tabena 6 — TexxuHcKe epedHocmu KoeghulyujeHama 3Ha4ajHocmu 3axmeea

B2 Bl B3 B4 B5 B6
VLS 0.2185 0.1978 0.1770 0.1563 0.1356 0.1148
RS 0.2857 0.2381 0.1905 0.1429 0.0952 0.0476
RR 0.4082 0.2041 0.1361 0.1020 0.0816 0.0680
ROC 0.4083 0.2417 0.1583 0.1028 0.0611 0.0278
GW 0.3347 0.2367 0.1674 0.1183 0.0837 0.0592
Wij 0.2763 0.2181 0.1714 0.1375 0.1101 0.0866

Step 5: Development of alternative planning solutions

By applying the model, alternative solutions for selecting the optimal
Logistic Support Plan have been developed, depending on the weight
values of the coefficients of the significance of the requirements u;,
which are shown in Table 7.

From Table 7, it can be seen that the difference between the
maximum and minimum values of the percentage of customer service in
the VLS method is 18.80, in the RS method 55.08, In the RR method
41.26, in the ROC method 69.33, while in the GW method it is 46.26.

The difference between the maximum and minimum values of the
percentage of customer service in the arithmetically combined group

value of weight coefficients Wj is 33.08.

Step 6: Selection of the planning solution

After analysing acceptable planning solutions for developing the
optimal Logistic Support Plan, the resource allocation was selected

based on the values of weighting coefficients Wj .

Step 7: Detailed elaboration of the selected planning solution

In this step, a customer service order with the allocated amount of
resources in the observed planning period is elaborated.
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Figure 2 — Flowchart of the proposed methodology
Puc. 2 — briok-cxema ripednazaemol memodorsoauu
Cnuka 2 — [Jujazpam moka npednoxeHe memodorioauje
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Conclusion

In logistics systems, there is often a need to make decisions
regarding the allocation of limited resources. Resource allocation
efficiency is measured by optimizing appropriate parameters such as
demand size, resource capacity, task execution time, system latency,
and cost, which are key elements in planning the logistics support of
military operations.

The considerable uncertainty and dynamics of the requirements
generated by military units (users of logistic products and services), and,
on the other hand, numerous limitations present in logistics indicate that
logistics support planning is a crucial and challenging area of logistics.

Optimal planning reduces or eliminates the uncertainty of future
activities and maintains the system within the permissible (tolerant)
framework of functionality in the observed future period.

To plan logistics support well, it is necessary to have reliable data on
customer requirements, as well as data on the availability of limited
resources of the logistics system. In addition, quality planning implies
applying modern methods, techniques, and software tools, which will
provide greater rationality and objectivity in determining the variants of
planning solutions.

This paper has shown that techniques for prioritizing customer
requirements and resource allocation provide a possibility of agile
planning of logistics support and ensure optimal allocation of limited
resource capacities of the logistic system. The goal in future research is
to consider the possibility of applying the allocation of multiple resources,
in multiperiod, according to priorities, and by substitution of resources to
finally obtain, as much as it is possible, an automated logistics support
plan ready to respond to all possible scenarios.

Due to the extraordinary dynamism and heterogeneity of
phenomena in logistics activities, logistics support planning cannot be
fully and easily formalized and automated. In that sense, the efficiency of
logistics support planning depends on creativity, organizational skills, and
innovation in the work of logistics staff.
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Pesome:

Beedernue: B cmambe npedcmaeneHa Modefib  MiaHUpo8aHUst
nioeucmuyeckoli no0dep)KKU 8 YCri08USIX 02PaHUYEHHbIX J102UCMUYeCKUX
pecypcos, OCHOB8aHHasi Ha rpuopume3ayuu 3arpocos KIUeHmos U
pacrnipedeneHuu pecypcos. Jluua, npuHUMarouue peweHus, usparm
Ko4yesyro posib 8 3ghghekmusHoOM U CcripasedniueoM pacripedeneHuu
PECypCoB, NOCKOIIbKY OHU Orpedesnsirom npuopumems! cpedu pasnuyHbIX
3anpocos rnornk3oeamernel.

Memodel. [ns onpedeneHuss cmeneHu 8axHocmu mpebosaHull
ronb3oeamers Obinu NPUMEHeHbI MEMOOb! MpuopuMuU3ayuu 3arnpocos ¢
Ucrornb308aHUeM HOMUHasbHOU WKasbl, MopsiOKosoU wWiKanbl U WKarbl
OmHoweHUl, a makxe nsmb Memooos npeobpasosaHusl paHza 8
secoeble KoaghgpuyueHmsi. Memod CopmMupOoBKU 3arnpocos
ucrionb3oearsicsi Onsi onpedesieHuss OMHOCUMEsbHbIX MPUOPUMeMmos, 8
mo epeMsi Kak 3spucmuyeckuli ameopumm onpedesieHusi MeouaHsl
KemeHu  ucnonb3oeasnicss  Ons  obbeduHeHusi  UHOUBUOyaslbHO
paHXUpoBaHHbIX 3arpocos 8 epymnnoeol paHa. Ymobbl ypasHosecums
npomueononoxHele mpebosaHusi onb3oeamerieli, UCMOMb308asIUCh
KOHCEHCYCHbIe Mepbl epyrnogoeo NPUHSAMUS peweHud. [nsi nonyqyeHus
onmuMasibHO20 MIaHUPOBOYHO20 PeLUeHUs s1oaucmuYeckol rnoddepxku
rpuMeHeHb! MemoObl U puUeMbl pacrpedesieHuUs Pecypcos.

Pesynbmamsi: PaspabomaHa modesnb adanmueHo20 riaHupo8aHust
noaucmuyeckoli  odOep)KU 8 YCrosuUsIX 02paHUYeHHbIX PECYPCHbIX
803MOXXHOCMEU /102UCMUYECKOU CUCMEMBI.

Bbigod: [llpednoxeHHass modenb Moxem bbimb  3¢bgbeKmuUHO
rpumMeHeHa u 8 Opyaux cehepax pacripederieHusi pecypcos.

Knrouesbie  crnosa: nnaHUpoBaHUe — slI02UCMUKU,  Mpuopumesayusi
3arpocos, copmupoekKa, npeobpasosaHue paHa08 geca, pacrpederneHue
pecypcos.

MOOEN MITAHNPAHA NOTMCTUYKE NMOOPLWKE Y YCNOBUMA
OrPAHNYEHMX PECYPCA

Hukona b. Cumuh?, Mapjax A. MuneHkos?,
Bnadumup P. Munosaxosuh?, Brada C. Cokonosuh?, ayTop 3a Npenucky,
Masen J. dontuH®, Banax J. Takwac?

@ YuuBep3auTeT oabpaHe y beorpany, BojHa akagemuja, Kategpa noructuke,
Beorpag, Penybnuka Cpbuja

6 YHuBepauteT onbpaHe y BpHy, ®akynTeT 3a BOjHO pyKOBOACTBO,
Opcek 3a noructuky, bpHo, Yewka Penybnuka

® YHnBep3uTeT 3a jaBHe cnyx0be, PakynTeT BojHMX Hayka u 0byky ocumumpa,
Opcek 3a cHabaeBare, hyHaHcuje u BojHu caobpahaj,
byanmnewTa, Mahapcka

OBNACT: nornctuka, MHXUHepCKkU MeHaLIMEHT, MHGOPMaLMOHe TEXHOMNOornje
BPCTA YJIAHKA: opurnHanHun HayyHu pag
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Caxemak:

Y80d: Y pady je npedcmasrbeH moden nnaHupara Jso2ucmuyke
rnodpuwike y ycrioguma ogpaHudeHuUx 102UCmuYKUX pecypca Ha OCHO8Yy
npuopumus3sayuje 3axmeea Kynaua u anokayuje pecypca. [JoHocuoyu
00rnyka umajy Kiby4yHy yrno2y y ecbukacHOj U MpasuyHoj arokauuju
pecypca jep Oajy npuopumem pasauqumumM 3axmesuma KOPUCHUKaA.

Memode: TexHuke npuopumu3ayuje 3axmeea Koje Kopucme
HOMUHarnHy ckany, opOuHanHy ckarny u ckajiy oOHoca, Kao u nem
mMemoda 3a npemeapare paHza Yy mMexXuHcKe KoegpuyujeHme,
npumereHe cy Kako 6u ce o0peduo cmeneH 3HavYaja 3axmeea
KopucHuka. 3a ymephusare peflamusHux rpuopumema KopuwheH je
Memod mpujaxe 3axmesa, 00K je Xeypucmuyku aneopumam 3a
olOpehusawe medujaHe KemeHuja kopuwheH 3a KoHconudauyujy
uHOugudyanHO paHaupaHux 3axmeea 'y 2pynHu paHea. Padu
banaHcuparba cyrnpomcmasibeHUxX 3axmeea KOpucHuKa, KopuwheHe
Cy Mepe KOHCeH3yca epynHoz o0ny4yusara. 3a  Oobujar-e
onmumarsiHoe Mf1aHCKo2 pewierba J1oeucmuydke nodpuwKe MpuMereHe
cy memode u mexHuke pacriodesnie pecypca.

Pesynmamu: PasseujeH je mMmoden 3a adanmueHO MaHupaHe
foeucmuyke nodpwke 'y ycrosuMma — OgpaHU4YeHUX PecypCHUX
Kanayumema Jfio2ucmu4Koe cucmema.

Bakrbyyak: [pednoxeHu mModesl Moxe ce eghukacHO MPUMEHUMU U y
Opyaum obrnacmuma asokauuje pecypca.

KrbyyHe peuyu: nnaHupare si02ucmuke, npuopumusayuja 3axmesa,
mpujaxa, npemeapare paHaa y rnoHoepe, asnokauyuja pecypca.
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Abstract:

Introduction/purpose: A static absorber is capable of neutralizing any
signal either in the physical or virtual domain and its analysis will be
presented in this paper.

Methods: The approach used here includes purely scientific thoughts as
well as a model with its explanations evaluated step by step applying
highly sophisticated computer tools for design and simulation. No
empirical results will be attached, only claims with their evidence.

Results: The crucial outcome of this research is a completely new
approach to binary systems that are now observed as a set of real
numbers.

Conclusion: The purpose of this research is to introduce something brand-
new that can be used in cyber industry while a dynamic variation of the
absorber is still under development.

Key words: cyber defense, intelligence, static absorber, signal ban,
hacking, singularity, mathematical modelling.

Introduction

The first applications of binary algebra started several decades ago.
The entire mathematical concept is based on the set theory which deals
with two basic elements: 0 and 1. Engineers of the 20" century
discovered semiconductor technology that represents 0 and 1 as the
definite voltage values: 0 V and 5 V. In such a way, that paradigm has
gotten its physical sense as in digital electronics where it deals with real
electricity fields. The idea of the given mathematical model is quite
simple and it relies on the fundamental and proven theorems of binary
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logics. This paper demonstrates a complete set of mathematical models,
digital circuits, and truth tables as well as proofs that serve to illustrate a
digital logic scheme being capable of neutralizing any signal or a set of
signals coming to its input. In other words, whatever is given at the input
will be made into 0 at its output. This is feasible as any signal being
ANDed with its inverted variation is equal to 0. Apparently, such a model
can be assumed as a singularity in the voltage field and some testing
graphs in such a context will be described. Also, this paper will introduce
a completely new approach to binary algebra offering a chance to
analyze such an energy area in a set of real numbers. In the essence,
this modelling can serve in software and hardware production as there
have been a lot of benefits from a static absorber that can be applied in
cyber industry. Indeed, there have been a lot of pluses and minuses of
such a solution and this article will address how to use its advantages
and, consequently, avoid some drawbacks. (Djekic, 2020b), (Djekic,
2021e), (Djekic, 2021d)

In general, technology has always been a responsibility of the one
who applies it and for such a reason it is important to appeal to everyone
being in possession of something powerful to deal with it with
selflessness, not selfishness.

It has been quite easy to pass by things without noticing anything.
Once mankind has had an eye for details, it will progress much faster
than ever. The nature is full of wonders that wait for humans to pay
attention to them. Apparently, that is how the biggest discoveries in
science were made. Next, there has been a question how well the
current natural phenomena were explained and understood. For
instance, it is well known that an original signal with its inversion at the
input of the AND logic gate always gives 0 at the output. Boolean algebra
can mathematically prove such a theorem and, indeed, digital electronics
can provide these circuits to work accurately. Indeed, it has been
necessary to sort things out intelligently in order to get their maximum
performance. In other words, it is like testing the mathematical and
logical 1Q by attempting to fit the right shape object into the right opening.
Another good question about such a theory could be: Where will all that
energy go if anything at the input gives nothing at the output? It seems
something has been very strange with such a circuit as it behaves like a
singular point pulling everything inside. On the other hand, if that logic
configuration were to behave like a sink, it would need better
mathematical modelling to be better tackled. Also, there has been a
strong need for computer simulations as well as experimental
examinations in order to gain a deep insight into all scientific secrets.
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Humankind may not be at that degree of technological development at
present, but the ongoing tendency suggests that the modern world could
be on a good track to make a better use of current endeavors.

Next, there has been a sense of wonder how such a fundamental
Boolean rule could serve in cyber security. The majority of the present IT
security solutions are based on binary algebra. On the other hand, the
marketplace is literally overwhelmed with highly expensive, but not that
effective analytical tools. In other words, cyber defense analysts sitting in
their security operating centers (SOCs) can recognize if anyone has
been trying to make a breach and maintain connection with some
network’s device, but in order to protect their asset from such an attack
they need to terminate that signal manually. It is an appealing message,
is it not? In the 21% century, something is still needed to be done with
hands. How inconvenient?! Apparently, if it is feasible to recognize web’s
anomalies, it should be possible to terminate them automatically letting
only trusted devices exchange the information with a well-protected grid.
Indeed, there has been something which could absorb any signal and if
there were an opportunity to pass only untrusted connections through
that absorber, all unwanted behaviors would be banned in a sub-second
period of time. No more breaches, right? At this stage, it is about how to
prevent or probably reduce such a concern; however, if the right things
are put into right places, the best possible performances are expected.
(Djekic, 2017), (Beki¢, 2021)

In a similar way, hackers can get a brilliant idea creating a malware
that can neutralize the internet connectivity and put into quarantine any
infected object. In total, everything is still an idea which can become a
reality in the coming time.

The purpose of this idea is to improve the effectiveness of the
incident response turning active defense into the passive one or, in other
words - converting monitoring and incident responses into extremely
intelligent prevention. There has been a need to develop a computer
code very smartly so that it could differentiate trusted from untrusted
behaviors on the web. (Djekic, 2021a), (Djekic, 2021b), (Djekic, 2021c)

Maybe it is not that much about artificial intelligence as it has been
about allowing the communication through a well-developed algorithm
that can make a decision, not think for real. Also, there is a need for anti-
breach software, where the attacker leaves an IP address, but cannot
establish communication with a targeted device for being rejected any
time an attempt occurs. In other words, it is a sort of communication
filtering and quite good protection due to which cyber warfare could be
history if appropriately applied. The entire concept can be imagined as
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the informatics body armor of cyber warriors that cannot be wounded or
killed on their positions once they apply such a shield. The model is
called static since it uses only logic gates without returning branches that
could consist of some memory elements.

Mathematical models using binary algebra

The set theory is a well-developed and researched area of
mathematics which has many applications in everyday life. On the other
hand, there is binary algebra that deals with only two unique elements, 0
and 1. Such a field of science has found many usages in electronics,
especially digital, as the entire modern computer science applies the
results of these explorations. In this research, it has been investigated
how it is possible to do modelling of logic circuits without any dynamics
applied to them in order to analyze and simulate their behavior excluding
real experimental conditions and laboratory testing. Also, no coding has
been done in this research as it presents an idea how to develop a code
so far as mathematical modelling can contribute in making both hardware
and software.

A basic static absorber can be obtained if original and inverted
signals are settled at the input of the AND logic gate. The mathematical
description is given in equation (1) as follows:

B=A-A Q)
where:

A -is an input to the AND logic gate which is in affirmation;

A -is an input to the AND logic gate which is in negation; and
B - is an output of the AND logic gate with two inputs so far.

In other words, any combination at the input will give 0 at the output

causing the signal to just disappear. This is given in equation (2) as
follows:

A-A=0 (2)
where:

A -is an input to the AND logic gate which is in affirmation and

A -is an input to the AND logic gate which is in negation.
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This can be examined in the truth table that is given in Table 1 as
follows:

Table 1 — Truth table of the initial static absorber
Tabnuua 1 — Tabnuya ucmuHHOCMU UCXO0OHO20 cmamu4eckozo abcopbepa
Tabena 1 — MicmuHumocHa mabena uHuyujasiHoe cmamudkoe aricopbepa

A

B
0 0
1 0

Next, an illustration of the basic static absorber digital circuit will be
provided. The illustration is made in Logic Circuit Designer software that
can offer quite a reliable simulation option. Figure 1 is given as follows.

=D —@

Figure 1 — Basic static absorber circuit
Puc. 1 - basoeasi cxema cmamuyeckoeo abcopbepa
Cnuka 1 — OcHogHO Kolo cmamuykoe arnicopbepa

The illustration represents the AND logic gate with 2 inputs which
are, in this case, the original signal and its inverted version. If equations
(1) and (2) are taken into consideration with their truth table (given in
Table 1), it is quite obvious that the results of the simulation will be
identical to the given mathematical description. In this case, such a
model has gotten its proof and it is highly recommended that software
developers make an attempt to create a program that can work as given
through this modelling. Also, it is obvious that any entry at the input of
this circuit will absorb the signal and give 0 as its output. Further, it will be
explained why such a sort of mathematical models could be considered
as a singularity as it literally neutralizes any electricity coming in. In other
words, it can be discussed that everything given in equations (1) and (2)
as well as in their truth table and logic diagram will be like a sink to
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anything at the input. The recommendation is to go deeper into the
analysis of electronic circuits in order to completely understand such
semiconductor technology as well as the behavior of the applied
electronic elements. Digital electronics is a field with so many areas to
investigate and at this stage there has been insufficient awareness about
the opportunity that such a branch of science and technology can offer so
far.

This paper will demonstrate how a slightly complicated model of the
static absorber can be developed. In such a case, through simple
mathematics and proof using truth tables and logic simulations, it will be
shown how this model can find its applications in practice. From this
standpoint, it is possible to begin with a mathematical model that relies
on Boolean algebra and combines the AND, OR and NOT logic
functions. The description of the model is given in equation (3) as follows:

cz(A-Z)+(B-§) 3)
where:

A -is an input to the AND logic gate which is in affirmation;

A -is an input to the AND logic gate which is in negation;
- is an input to the AND logic gate which is in affirmation;

- is an input to the AND logic gate which is in negation; and
C - is an output of the OR logic gate that always gives nothing for a
result as its inputs are always 0.

B
B

As given in equations (1) and (2), something AND its inversion are
always equal to nothing; so, if everything is submitted into equation (3), it
will be continued with equation (4) as follows:

C=0+0=0 4

where:

C - is an output of the OR logic gate that always gives nothing for a
result as its inputs are always 0.

In practice, the OR logic gate gives nothing only if all its inputs do
not have a signal as their incoming value. Such modelling can serve in
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designing much complicated logic circuitries. Apparently, the real clues to
this modelling can be obtained via equation (3) the truth table of which is
given in Table 2 as follows:

Table 2 — Truth table of the complex static neutralizer
Tabnuya 2 — Tabnuya UCMUHHOCMU KOMITIIEKCHOZ0 CMmamu4ecKoeo Helimpanu3amopa
Tabena 2 — VicmuHumocHa mebenia KOMIIEKCHO2 Cmamuy4ko2 Heymparsu3amopa

i l==1p>
ROk |lOo|m
o|lo|lo|o|O

The truth table given above is the evidence of the well-developed
mathematical model whose logic circuit is given in Figure 2 as follows:

Figure 2 — Logic diagram of a complicated static absorber
Puc. 2 — Jloau4eckasi cxema CrioxkHo20 cmamuyeckoeo abcopbepa
Cnuka 2 — Jloeuyku Qujazpam KOMMIUKosaHoe2 cmamuykoe aricopbepa

The static absorber is possible to be designed applying so simple
and fundamental logic functions available in both hardware and software
formats. The further research will try to handle a set of real numbers in
order to examine all possibilities of an energetic field as well as some
characteristics of semiconductor technology typical to silicon-based
solutions. It will also introduce a kind of mathematical transformations
from a set of binary numbers into a set of real numbers trying to invoke
the entire new area of mathematics that could find its applications in
future scientific research and explorations. In other words, it will be
necessary to thoroughly understand the physical characteristics of digital
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technology since it can cope, as far as it is known at this stage, with the
singular points in some scalar or vector fields, suggesting maybe that
future investigations will need a better understanding of the field theory.
At this stage, it is feasible to offer some ideas and indeed, the entire
investigation can be so time-consuming and can need a great deal of
effort from the scientific community worldwide.

Examining functions in a set of real numbers

Boolean algebra is a part of the set theory that consists of two basic
elements: {0,1}. It seems the binary numbers deal with duality since

they can be described as a series of 0s and 1s. Quantum mechanics
suggests that the entire nature deals with duality and oscillates between
two basic states, matter and energy. At this stage, it is quite hasty to
make any sort of correlations as there is a need for more profound
research in both theoretical and empirical manner. The purpose of this
effort is to bring forward some brand-new ideas and try to find a link
between something already known. In this paper, it is discussed how to
design a static absorber which, from the perspective of the field theory,
could be regarded as a singularity in the energy field.

Indeed, equations (1) and (2) provide some fundamental steps into
such an investigation and, no matter what the inputs are, the output is
always nothing. In theory, the absorber could neutralize any power as if
some ways of signal conversion were applied. The recommendation is to
make as many experimental attempts as possible since their results will
help defense industry on its way to produce something that will truly work
in practice. As mentioned before, binary algebra deals with two basic
states like quantum physics, so in other words — maybe a Boolean
analysis can be used for future research and modelling in that area of
science.

The real impact of this article will be described under this chapter as
it is needed to introduce a completely new approach to binary logics as a
fragment of mathematics that needs to deal with some practical
applications as well as with a much deeper understanding of its
theoretical paradigms. Further, this chapter will introduce how the binary
functions can be presented in a set of real numbers making a
comparative analysis of the input and output energetic fields. Everything
will be illustrated in the 2-D and 3-D coordinate systems trying to
encourage prospective researchers to give their contributions. It will be
also explained how the previous mathematical models could be
transferred in a set of real numbers not giving any analytics of the
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transitional function that could project the elements of the binary logics
set into the set of real numbers. For such scientific research it may be
necessary to gather a multidisciplinary expert team who would work on
such a project for a longer period of time.

Indeed, it is well-known that if equations (1) and (2) are dealt with in
the binary set of numbers, such a correlation can give an equation in the
real set of numbers as follows:

B=A-(1-A) (5)

where:

A - is an input signal in affirmation that is multiplied with its
negation;
1- A - is an inverted input signal that is a negation of the input A

which is in the sense of Boolean algebra illustrated as A and
B - is an output signal that is a product of affirmation and negation
being brought at the inputs.

In any case, the output of equation (5) is 0 which can be described
with the truth table as follows:

Table 3 — Truth table of the static absorber
Tabnuua 3 — Tabnuuya ucmuHHocmMuU cmamu4yeckozao abcopbepa
Tabena 3 — icmuHumocHa mebenia cmamuykoe aricopbepa

1-A

A B
0 1 0
1 0 0

As illustrated in Table 3, for A, Bell A A B&{0,1}, it has been

feasible to prove that if the binary values have been taken for the inputs
and the output, the result will always be a neutralized function that can be
graphically represented in a set of real numbers [ via the graph made in
the 2-D and 2-D form using the 3D Grapher tool. These illustrations have
been provided in the figures as follows.
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Figure 3 — 2-D graph of equation (5)
Puc. 3 -2-/[] epacpuk ypasHeHus (5)
Cnuka 3 — 2-[] epachuka jeOHaquHe (5)

Figure 3 shows how equation (5) behaves in the 2-D coordinate
system indicating that it is about the square function if A, B e(—oo, +oo).

In other words, in such a case, it is possible to compare a correlation
between the input and output signals which can be voltage dealing first,
with the values 0 V and 5 V as well as the rest of taken variables.

The next illustration in the 3-D surrounding suggests how input and
output voltages are dependable on each other. The graphical
representation is given in Figure 4 as follows.

Figures 3 and 4 give a closer insight into how equation (5), being the
square function in a set of real numbers, behaves in the 2-D and 3-D
space. If singular dots behave like a sink in this case, it is quite clear they
can be analyzed as a curve as well as an entire surface in the 3-D
environment. As explained through this chapter, the AND logic function in
Boolean algebra can be represented as a product in a set of real
numbers.
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Figure 4 — 3-D drawing of the singularity surface
Puc. 4 — 3-[] pucyHoK cuHaynsipHol rnosepxHocmu
Cnuka 4 — 3-[ upmex cuHaynapHe rnospuwuHe

On the other hand, signals in affirmation and negation are given as
described in equation (5). 3D Grapher software deals with the X-Y-Z
coordinate system and in this case it is given that X=u, Y=v, and Z=u*(1-
u). De facto, the true correlation between the inputs and the output would
be X=u, Y=1-u, and Z=u*(1-u). That means only in such a case it is
possible to analyze the behavior of the inputs regarding the outputs.

At this stage, it is sufficient to demonstrate the feasible singularity
objects as practically there is only one input being either in affirmation or
negation and its unigue output deals as given above. The advice for
future research is to make an attempt to compare input and output
voltages in order to realize how they depend on each other and why such
an energetic field neutralizes anything getting close to it.

Further, it is significant to introduce the behavior of equations (3)

and (4) in a set of real numbers. Their mathematical model is provided in
equation (6) as follows:

C=A-(1-A)+B-(1-B) (6)

where:
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A - is an input which is multiplied with its negation being (1— A)in
which case these two inputs give some product as a result;

B - is an input which is multiplied with its negation being (1—B)in
which case these two inputs give some product as a result; and

C - is an output of the big function which is in this case a sum of the
variables mentioned above.

The truth table of equation (6) is illustrated in Table 4 as follows.

Table 4 — Proof of equation (6) in the truth table
Tabnuya 4 — [Jokazamenscmeo ypasHeHus (6) 8 mabnuye ucmuHHOCmMuU
Tabena 4 — [Joka3s jeGHa4uHe (6) y ucmuHumocHoj mabenu

= =1p>
ROk |lOo|m
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Apparently, it is necessary to illustrate, using 3D Grapher, how
equation (6) deals in the 2-D and 3-D space leaving to other researchers
to examine the behavior of the input and output energetic fields. At this
level, it is enough to demonstrate such a behavior only in the sense of
the X-Y-Z coordinate system. The illustration in the 2-D form is given in
Figure 5 as follows.

In this case, the 3D Grapher mathematical model includes two
inputs and only one output whose correlations are given in Figures 5 and
6. The model is as follows X=u, Y=v, and Z=u*(1-u)+v*(1-v) which can be
assumed as a singular area seeking to be better investigated. In total,
some initial ideas are given through this effort and there is a huge task
for researchers, engineers, and scientists to develop more superior
findings for the entire defense industry.
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Figure 5 — 2-D behavior of equation (6)
Puc. 5 — 2-/[] nosedeHue ypasHeHus (6)
Cnuka 5 — 2-[] noHawar-e jeGHa4uHe (6)

On the other hand, the 3-D variation of equation (6) is given in

Figure 6 as follows.
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Figure 6 — 3-D graph of equation (6)
Puc. 6 — 3-[] epagpuk ypasHeHusi (6)
Cniuka 6 — 3-/] epachukoH jeOHa4quHe (6)
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Applications in cyber industry

As it is well known, one of the biggest applications of Boolean
algebra is within digital systems and their electronics. The overall
computer science and engineering area relies on that mathematical
landscape. One of the worst nightmares for any IT security professional
is a breach into some IT infrastructure as that can mean loss of data,
sabotage or espionage. Entire teams of cyber analysts have been
employed 24 hours a day, 7 days a week in order to discover and
terminate any attempt to break into protected networks and establish
communication between them and the hacker's workstation. (Djekic,
2021f), (Djekic, 2019), (Djekic, 2020a)

The point is, these professionals will need to manage their
surveillance capacities and disconnect manually any attempt of a breach.
This is called a good incident response. In other words, monitoring
software can recognize any anomalies in the cyberspace, but the incident
response is not very effective as it is needed to be done manually. The
idea of this research effort is to suggest that the effectiveness of the
incident response could be improved by simply passing untrusted traffic
through a static absorber and terminating it subsequently. The neutralizer
would in such a case reject anything being unwanted and the total
incident response could take only a few moments. The basic theory of
such a concept is given in this paper and if the idea passes some deeper
analyses it could find its place in practice. At this stage, it is sufficient to
be aware of such simple, but yet powerful abilities of binary numbers.

Conclusion

This paper discusses some possible capabilities of binary logics
suggesting that a static absorber already has some initial modelling,
while its dynamic version is still under development. The results given
here can trigger an entirely novel research stream when these ideas
become empirically verified. Finally, humankind has a skill to handle such
superior technology, but the message is to be responsible while doing so.

References

Djekic, M. 2017. The Internet of Things: Concept, Application and Security.
LAP LAMBERT Academic Publishing. ISBN-13: 978-6202096294.

Djekic, M. 2019. The Informant Task. Asia-Pacific Security Magazine, 19
November [online]. Available at:
https://www.asiapacificsecuritymagazine.com/the-informant-task/ [Accessed: 1
November 2021].

153

Deki¢, M., Static absorber modelling, pp.140-156



E‘ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2022, Vol. 70, Issue 1

Djekic, M. 2020a. The Importance of Communication in Investigations.
International Security Journal, 12 November [online]. Available at:
https://internationalsecurityjournal.com/communication-in-investigations/
[Accessed: 1 November 2021].

Djekic, M. 2020b. Detecting an Insider Threat. Cyber Security Magazine, 4
June [online]. Available at: https://cybersecuritymagazine.com/detecting-an-
insider-threat/ [Accessed: 1 November 2021].

Djekic, M. 2021a. The Digital Technology Insight. Cyber Security

Magazine, 10 October [online]. Available at:
https://cybersecuritymagazine.com/the-digital-technology-insight/ [Accessed: 1
November 2021].

Djekic, M. 2021b. Smart Technological Landscape. Cyber Security
Magazine, 26 October [online]. Available at:
https://cybersecuritymagazine.com/smart-technological-landscape/ [Accessed: 1
November 2021].

Djekic, M. 2021c. Biometrics Cyber Security. Cyber Security Magazine, 26
October [online]. Available at: https://cybersecuritymagazine.com/biometrics-
cyber-security/ [Accessed: 1 November 2021].

Djekic, M. 2021d. Channeling as a Challenge. Cyber Defense Magazine,
17 February [online]. Available at:
https://www.cyberdefensemagazine.com/channeling-as-a-challenge/ [Accessed:
1 November 2021].

Djekic, M. 2021e. Communication Streaming Challenges. Cyber Defense
Magazine, 16 January [online]. Available at:
https://www.cyberdefensemagazine.com/communication-streaming-challenges/
[Accessed: 1 November 2021].

Djekic, M. 2021f. Offense Sharing Activities in Criminal Justice Case. Cyber

Defense Magazine, 13 September [online]. Available at:
https://www.cyberdefensemagazine.com/offense-activities/ [Accessed: 1
November 2021].

Peki¢, M. 2021. The Insider’'s Threats: Operational, Tactical and Strategic
Perspective. LAP LAMBERT Academic Publishing. ISBN-13: 978-620-3-20063-8.

MOOENTMPOBAHNE CTATUYECKOIO ABCOPEEPA

Munuua 0. Oxekny
HesaBuCUMbIN nccnegosaTens, r. CyboTnua, Pecnybnuka Cepbus

PYBPUKA TPHTWU: 27.00.00 MATEMATUKA:
27.43.17 MaTtemaTtuyeckas ctaTUCTUka
20.00.00 MHOOPMATUKA:
20.23.25 VIHgopMmaLMOHHbIe cucTeMbl ¢ 6azamMu 3HaHUI
78.00.00 BOEHHOE OENO:
78.21.49 BoeHHas anekTpoHuKa 1 knbepHeTnka
BWO CTATbW: npeaBapuTensHoe coobLieHne

154




Pesome:

Beederue/uens: B daHHOU cmampbe 6ydem rnipedcmaeneH aHaiu3
cmamu4yeckoeo abcopbepa, Komopnbll crocobeH Helmpanu3osamb
moboli  cuzHan Kak 8 (pusudeckol, maKk U 8 eupmyasnbHoU
710CKOCMSIX.

MemoOdbl: Ucnonb3dyembili 8 cmambe M1odxod ekrwvyaem & cebs
UCKITIOYUMEribHO Hay4Hble paccyxOeHusi, a makxe molefb Cc ee
0b6BsACHEHUSMU, KOmopble bblriu 8HUMamersibHO rpoaHanu3uposaHs! U
OUEHEeHbl C  [MOMOWbLK  BbICOKOPA38UMbLIX  8bIYUC/IUMESIbHbIX
UHCMpyMeHmos8  Onid  MpoekmuposaHusi U MOOesiupo8aHUsl.
Amnupuyeckue pe3ynbmamsbl K cmambe He fpusia2aromcs, a morsibKo
ymeepx0eHus ¢ ux 0oka3zamesibcmeamu.

Pesynbmamel: 3Ha4umbiM pe3yrnbmamom 0aHHO020 uccriedo8aHus
6/719emcsi  COBEPWEHHO HOB8bIU Mo0x00 K O80UYHbLIM CcuCmeMam,
Komopble 8 OaHHOM uccriedo8aHUU C€esi3aHbl CO MHOXECmeoM
OelicmeumeribHbIX Yucerl.

Bbigodbl:  Llens  O0aHHO20  uccrie@ogaHusi  3aknoYaemcss 8
npedcmasnieHuU CO8EePWEHHO HOBOU KOHUEenuyuu, Komopas Moxem
b6bimb  ucrnionb3ogaHa 8 KubepuHOycmpuu, 8 MmO 8pPeMs Kak
AuHamuyeckul eapuaHm abcopbepa ece ewe Haxodumcs 6 cmaduu
paspabomku.

Knoyesbie criosa: 8bicOKOmMexHosio2uyHas 6e3onacHocmb, 3HaHUS,
cmamud4eckuti 8600,066‘,0, OMKJIOHeHUe cuecHallo8, XaKepckKue amaku,
CUHZYyIIdApPpHOCMb, MamemMamu4ecKoe MoOenupoeaHue.

MOOEJTIOBAHKE CTATUYKOIT ATICOPBEPA

Munuua . hekuh
HesaBUCHK uctpaxusay, Cybotuua, Penybnuka Cpbuja

OBJNACT: 6uHapHa noruka, npumer-eHa maTeMaTtuka, MHpopMaTuka,
HaMeHCcKa MHAYCTpWja, payyHapCcTBO, eNeKTPOoHMKa
BPCTA YJTAHKA: npeTxogHO caoniwitexe

Caxemak:

Yeod/yure: Cmamudku ancopbep, Yuja aHanusza he 6umu nipukaszaHa y
osoMm pady, y cmarby je Oa Heymparnu3syje ceaku cueHar y ¢ousudkoj unu
8UPMYesIHOj pasHuU. .

Memodu: NpedcmasrbeHo je UCKIby4UBO Hay4YHO pasmMullrbarbe U Moder
ca objawrerUMa Koja Cy Maxrbugo eesarnyupaHa Kopuwherem
coghucmuyupaHux padyHapcKux arama 3a rnpojeKmosarse U cumynauujy.
Emnupujcku pesynmamu Hucy npunoxeHu, eeh camo mepOHe ca
HUX08UM OoKa3uma.
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Pesynmamu:. Haj3HaqajHuju pesynmam 0802 ucmpaxueara jecme
riomryHoO Hosu rpucmyn buHapHUM cucmeMuMa Koju cy oede rnose3aHu
ca cKyrnom pearsnHux bpojesa.

Sakrbyuak. Cepxa 0802 ucmpaxueara jecme 0a rpedcmaesu rMnomiyHo
HOBU KOHUENM Koju Moxe Oa ce Kopucmu y cajbep uHOycmpuju, 00K je
OuHamuyka eapujaHma aricopbepa jow yeek y ¢hasu pa3ssoja.

KrbyyHe — pedu:  eucokomexHomowka 6e3bedHocm,  casHama,
cmamuuku arncopbep, od6ujarbe cuzHasna, xakoeare, CUH2ynapHocm,
Mamemamuuyko Modesiogamse.
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Abstract:

Introduction/purpose: The running of the coupling constant in various
Quantum Field Theories and a possible behaviour of the beta function
are illustrated.

Methods: The Callan—Symanzik equation is used for the study of the
beta function evolution.

Results: Different behaviours of the coupling constant for high energies
are observed for different theories. The phenomenon of asymptotic free-
dom is of particular interest.

Conclusions: Quantum Electrodynamics (QED) and Quantum Chromo-
dinamics (QCD) coupling constants have completely different be-
haviours in the regime of high energies. While the first one diverges
for finite energies, the latter one tends to zero as energy increases. This
QCD phenomenon is called asymptotic freedom.

Key words: Quantum Electrodynamics, Quantum Chromodynamics,
Quantum Field Theory, renormalization group, beta function.

Fixed points

In (Fabiano, 2021) we have seen how a generic coupling constant be-
haves at different renormalisation scales. It should be remarked that this
result is valid also for different renormalisation schemes, not only for di-
mensional regularisation. In this sense the coupling constant is a func-
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tion depending on the energy scale u, and is often regarded to as running
coupling constant. Just for the sake of simplicity define the new variable
t = log i (the t variable could be also thought of as a “time” parameter).
With this position, the Callan—Symanzik equation (Callan, 1970; Symanzik,
1970) could be rewritten in a nicer form as:

dg
2 = 5l9). (1)

which is a differential equation governing the behaviour of the coupling con-
stant g upon the energy scale considered. As such it also needs some initial
conditions in order to be solved —a Cauchy problem. The points g for which

Blg) =0 (2)

are called fixed points (Symanzik, 1971), and once the coupling g reaches
one of these points, it does not evolve anymore. In Fig. (1) a possible
scenario for the 3 function is shown. The origin 0, the points ¢g; and g, are
fixed points. If for the initial scale ¢t = 0 the coupling constant g is at one of
these points, then it will remain there for any energy scale considered (or
“forever”, depending on the language one prefers).

There are different kinds of fixed points. Consider the point g; and its
neighbourhood. From the Figure, for 0 < g < ¢1, 5(g) > 0 then the coupling
constant increases with the scale because of eq. (2) (i.e. dg/dt > 0), mo-
ving towards ¢; for ¢ — +o00. On the contrary, in the interval g; < g < ¢» the
3 function is negative, so the coupling constant decreases and approaches
again g1 ast — +o0o. We conclude that g; is a stable fixed point, as g tends
to it from either side. It is called the ultraviolet stable fixed point - the term
“ultraviolet” is present because g — ¢1 as t — +oc.

On the other hand, for the points 0 and g it is clear that the inverse of
the previous argument holds true: the coupling ¢ “escapes” from them as
t — 400, and approaches them as energy decreases, for t — 0. Such
points are named the infrared stable fixed points.

Itis important to know that the fixed points of the 3 function are difficult to
calculate because they are usually determined by nonperturbative effects,
apart from the trivial zero at the origin, for g = 0.

Behaviour of g function

We shall consider some possible asymptotic behaviours of the g func-
tion for energy scale u — +o0o. The exact problem we consider is given
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B(g)
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Figure 1 — The Beta function with fixed points 0, g, and g». The arrows indicate

the direction of the flow of g with increasing scale .

Puc. 1 - bema-gyHKkuus ¢ chukcuposaHHbIMUu modkamu 0, g1 U go. Cmperku

yKasabigarom HaripasesieHue rnomoka g c yeejiudeHuem wWkKarsibl [

Cnuka 1 - bema ¢byHkyuja ca chukcHUM madkama 0, g1 U go. Cmpenuue nokasyjy

rpasay moka g ca rnoseharem ckare i

by
dg
Han = B(9)
g(,uo) = 4o,

whose formal solution is written as

Ydg _ (M)
w Bl B\ o)

Different behaviours of the  function are shown in Fig. 2.

3)

(4)

For such functions, the running coupling constant ¢ will, for different

cases:
(a) approach infinity for a finite value of g, with 5(g) > 0

159

Fabiano, N., Beta functions in the Quantum Field Theory, pp.157—-168



ﬁ* VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2022, Vol. 70, Issue 1

B

Figure 2 — Beta functions with different asymptotic behaviour
Puc. 2 — bema-gyHKUUU ¢ pa3nu4dHbiM acuMmomu4yecKumM rnoeedeHUem
Cnuka 2 — bema ¢byHKyuje ¢ pa3nuqumum acuMnmomcKUM rnoHawarem

(b) approach infinity as ¢ — +o0
(c) have a finite fixed pointin g1, 5(g1) =0
(d) approach —oc for increasing g, with 8(g) < 0

Case (a)

Suppose that 5(g) grows sufficiently rapidly in such a manner that the
integral of eq. (4) converges (for instance, any power of g larger than 1),

namely .
/ Blg) ~ e ©)

then it is clear that the scale . has a finite upper bound 1, corresponding
to the coupling g = +oo given by the relation

fitoo = 10 €XD (/;OO Bd({]q)) : (6)

160



We have already encountered such behaviour, for the QED coupling
case as discussed in (Fabiano, 2021), where 3(g) = ¢3/1272 and p  iS
given by the Landau pole (Landau et al, 1954; Landau & Pomeranchuk,
1955) of eq. (40) in (Fabiano, 2021).

Another example is the scalar field theory with the interaction term
go*/4! given by the Lagrangian

1 2 m? 2 9 4
for which the s function is

2 3
Blo) = Ly - 2 Y

T 1672 3 (1672)2 +0(Y. ®)

The Lagrangian (7) is almost the same of the Higgs field in the Stan-
dard Model (Glashow, 1959; Salam & Ward, 1959; Weinberg, 1967). The
only difference, yet an essential one, is that in the latter case the scalar
field is coupled to fermion fields + via a term A\i)¢), so called Yukawa cou-
pling (Yukawa, 1935), where )\ is another coupling constant different from
g.

Using only the first term of eq. (8), we arrive at the expression

g=—F= : ©)

which has the same form of eq. (39) in (Fabiano, 2021) as anticipated; it
has also a pole for y = g exp(1672/(3go))-

Case (b)

The integral of eq. (5) diverges. It means that the coupling constant ¢
becomes infinite only at an infinite energy scale, ;. = +oo. For instance,
assume that 3(g) = ag®, with a > 0 and & < 1 but k # —1 - then one
obtains for eq. (3) the solution

1/(1-k)
g= [93’“ +a(1 — k) log (“)] . (10)
Ho

The growth of g in i is very slow, but in the very high energy limit the
coupling becomes independent from the initial condition g.
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Case (c)

We encounter a fixed point like previously discussed in the section Fixed
points for the ultraviolet fixed point g1, that is 3(¢g1) = 0. The j function
stays positive for 0 < g < ¢1 and turns negative afterwards. Either if the
initial condition g is such that gy < g1 or g9 > g1 the coupling constant g
will evolve towards the fixed point, ¢ — ¢1 as yu — +oc.

Assuming that the root of 3 in g; is simple, then

B(g) = a(g1 — g) for g — g1 (11)

with a > 0. The solution to eq. (3) is then
g—g~pt (12)

with the assumption that gg < ¢, g0 < g1 and g < g¢1.

It is worth noticing that we have already discussed a case in which, ap-
parently, an ultraviolet fixed point is obtained. The ¢* scalar theory presents
such a point. From eq. (8) one computes the fixed point ¢; as

g1 =87%, (13)

which, however, has a huge value of g; = 80 thus spoiling the perturbation
theory as ¢ > 1. As the § functions that have been encountered so far
have been computed using only the perturbation theory, it is clear that the
result obtained above is invalid. The discussion regarding eq. (8) proves
the statement of the section Fixed points, for which a fixed point could be
basically only computed by means of nonperturbative techniques.

Case (d)

So far, all 3 functions discussed were positive at least for small positive
g, so the renormalisation group flow drives away ¢(u) from the origin g = 0.
Now suppose that 5(g) < 0 for small positive g, like

B(g) = —ag", (14)

where ¢ > 0, n > 1 and an integer. The solution to eq. (3) is then written
as

= 90 |
9 {1 +g5" ' (n—1)alog (H] 1/(n=1) (15)
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A dramatic difference between this and the previous cases is that, for
large energy scales, the coupling constant vanishes, i.e.

g=0foru — +co . (16)

This phenomenon is called asymptotic freedom (Gross & Wilczek, 1973;
Politzer, 1973). With growing energy, the theory has a weaker coupling
constant, approximating a free theory, i.e. one without interactions. So at
larger energy scales, the perturbation theory gives better results. Remem-
ber actually that corrections C of any kind (propagator, coupling, etc.) are
computed as series of powers of g,

C = chg” (17)

and this formal series is supposed to converge for small g.
A toy model that exhibits asymptotic freedom could be obtained from
the Lagrangian (7) with a negative potential’ —g¢?/4!. Its § function has

the form
3 o

B(g) = —@9

(18)

for which

~1
g= [ 5 log <,u>] for 4 — 400 . (19)
1672 140

i.e. g goes to zero at logarithmic speed.

A very important class of theories that have the property of asymptotic
freedom is the Yang—Mills theory (Yang & Mills, 1954), with the gauge group
SU(N). Of particular relevance is one of them, quantum chromodynamics
— QCD - that is the theory of strong interactions embedded in the Standard
Model, whose gauge group is SU(3).

The QCD Lagrangian is written as

s 1 a v
L= ¢j [Z(Vupﬂ)jk - m(s]k’] wk - ZGlLVGg (20)

where v;(z) is the j—th quark field, indexed by j, k; Af, are the gluon fields,
a =1...8. v* are the usual Dirac matrices, the covariant derivative is given

1We neglect the fact that this theory is ill-defined and that the perturbation theory cannot be applied.
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by D, = 9, —igA;T*. Gy, is the gluon field strength tensor, similar to the
F,,, electromagnetic tensor, defined by

G4, = 0, AL — 0,A% + g f**° Ab A (21)

where e are the structure constants of SU(3), [T%, T] = i f*cT*, with T
being generators of the group.

For a generic SU(N) the Yang—Mills theory coupled to fermions the g
function at one—loop level is given by

3

0) = L5 (135 - 32 ) +0). 22)

and for the QCD case Cy = ny/2,

3
== - — 2
80 =5 (5 - 3 ) + o). 3)
where n is the number of quark flavours with masses much lower than the
energy scale considered u, which can be considered massless.

Defining the QCD strong coupling constant s = g2 /472 in an analogous
fashion to QED, where o = ¢?/4w, we obtain from eq. (49) in (Fabiano,

2021)
127

33 —2ny)log(u/A)

which exhibits asymptotic freedom as far as the number of quark flavours is
ny < 17. Another property due to the presence of (approximately) massless
particles is that a dimensionless coupling g, is exchanged for a dimension-
ful parameter A, which is an integration constant with dimensions of energy.
This phenomenon is referred to as dimensional transmutation (Coleman &
Weinberg, 1973; Weinberg, 1973). The $ function eq. (24) is known today
to four—loop order O (o), with three and four—loop coefficients being renor-
malisation scheme dependent. The measured value of a strong coupling
constant at the Z peak is

() = | (24)

as(mz) = 0.1197 £ 0.0016 (25)

while the corresponding value of A is about 0.2 GeV.
A few remarks are in order. In the 1950s, Landau argued that in QED
the increasing powers of logarithmic terms, that we already encountered at
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one—loop level in (Fabiano, 2021), of the form log(E /M), would coalesce
and give raise to singularities for finite values of the energy E. This is the
(a) case, with the Landau poles, also known as the Landau ghosts or the
Moscow zero (because ey /e(n) = 0), discovered by himself (Landau et al,
1954; Landau & Pomeranchuk, 1955). This argument does not rule out the
cases (b) or (c), though. This possible inconsistency in the renormalisation
procedure has not yet been proved but it is believed to actually exist.

Today, there is a broad agreement on the fact that the interacting field
theories like QED or scalar ¢* we have discussed (which are not asympto-
tically free) are not mathematically consistent. About QED, there is some
evidence against the case (c) with a finite fixed point that would be only
possible in the presence of yet unknown nonperturbative effects. However,
even if (c) is ruled out, there still remains the possibility (b) with a fixed point
at infinity.

There is an electromagnetic analogy for different behaviours of QED
and QCD couplings. In QED, the charge is stronger at shorter distances,
i.e. is the vacuum acts like a dielectric medium with a dielectric constant

e>1, (26)

shielding the charge. Remembering the relation of the relative magnetic
permeability . to the dielectric constant to the speed of light, which in our
units is 1,

ep=1, (27)

we have a duality relation. The QED case corresponds to x < 1, also
known as Landau diamagnetism, where charged particles in the medium in
response to an external magnetic field generate an opposed magnetic field,
a phenomenon seen in superconductors, water, copper, and gold. In QCD,
the opposite behaviour is observed: the chromoelectric charge is weaker at
shorter distances, so its vacuum is anti screening, with a dielectric constant

e<1. (28)

The equivalent magnetic permeability is 4 > 1, known as Pauli para-
magnetism, where the particles tend to align with the external field, as in
tungsten, aluminium, or lithium. It has to be stressed that the electromag-
netic terminology used for QCD is just an analogy to the QED case: by “the
charge” we mean the colour charge, by “the magnetic moment” the colour
magnetic moment.
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BETA-®YHKLIN B KBAHTOBOW TEOPUM NONA

Hukona ®abunaHo

benrpaackuin yunsepcuteT, UHCTUTYT SAepHbIX uccnegoBaHmm
«BuH4ya» — MIHCTUTYT rocygapcTBeHHOro 3HaveHns ansa Pecnybnvkn
Cepbus, r. benrpaa, Pecny6bnuka Cepbus

PYBPUKA TPHTWU: 29.05.03 MatemaTtudeckue mMeToabl
TEopeTN4eCKon PU3NKK,
29.05.23 PenAaTmBMCTCKas KBaHTOBas Teopus.
KeaHTOBas Teopus nonsi
29.05.33 3nekTpomarHMTHOE B3auMOOENCTBUE
B[O CTATbW: ob3opHasi ctaTtbs

Pesrome:

BsedeHue / yenb: B 0aHHOU cmambe rnpedcmasriieHo, Kak pa-
6omaem KOHCmMaHma ces13U 8 paafiu4yHbIX K8AHMOBbLIX MEOPUSIX
1o U 803MOXHbIe Modenu rnogedeHusi bema-gyHKyUU.

Memoodsi: YpasHeHue KannaHa—CumaH3uka ucrornb3yemcs 0ns
usydeHus sgonroyuu bema-gpyHKUUU.

Pesynbmamei: HabritoGaemcs pasnu4yHoe nogedeHue KOHcmaH-
mbl C8513U MPU BbICOKUX 3HEPausiX 8 Pas/fluYyHbIX MeopUsiX.
Ocobebil uHmMepec npedcmaesrnsiem sierieHuUe acuMnmomu4eckol
€80600hI.

Bbieodbi: KoHcmaHmbl cesi3u K8aHmMoe8oU 351eKmpoduHamMuKu
(K34) u keaHmosou xpomoduHamuku (KX/]) eedym cebsi cosep-
WEHHO M0-pa3HOMY 8 peXxume 8bICOKUX 3Hepeull. [lepsas om-
JNiudaemcs KOHeYHoU 3Hepauel, 8 MO 8peMsi Kak emopasi cmpe-
mumcs K Hymwo, ko2da aHepaus yeenudueaemcs. [JaHHoe siene-
Hue KX/[] Ha3blieaemcsi acumnmomu4ecKkoli ceob000d.

Kntouesbie criosa: keaHmosasi arekmpoduHaMuKka, KeaHmoeasi
XpomModuHaMuKa, KeaHmoeasi meopusi rosisi, peHopMmanu3ayu-
OHHas epyrnna, bema-gyHKYUS.

BETA ®YHKUWJE Y KBAHTHOJ TEOPUNJN NOJbA

Hukona ®abnaHo

YHusepauTteT y beorpagy, MHCTUTYT 3a HykneapHe Hayke "BuHuya’-
MHCTUTYT of HaumoHanHor 3Havaja 3a Peny6nuky Cpouijy,
Beorpag, Penybnuka Cpbuja
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OBJIACT: maTtematuka
BPCTA YJTAHKA: npernegHu pag

Caxemak:

Y800/ uurb: inycmpoeaHu cy pad KOHCmaHme cripeae y pasHum
KeaHMHUM meopujama rnosba kao u mozyhe noHawame 6ema

pyHKUUje.

Memode: KanaH-LllumaH3ukosa jedHaduHa Kopucmu ce 3a rpo-
y4aear-e egornyyuje 6ema ¢byHkyuje.

Pesynmamu: lNpumeheHo je pa3nu4umo rioHaware KOHCmaH-
me cripeae 3a 8UCOKe eHepauje 3a pasrudyume meopuje. OO0 rno-
cebHo2 UHmMepeca je cheHoMeH acumnmomcke criobode.

Bakrpyyak: KoHcmaHme cripezce K8aHMHe enekmpoOuHamuKe
(QED) u keaHmHe xpomoduHamuke (QCD) umajy nommyHo pa
3/1UHUMO MOHalWaHEe Y PEXUMY 8UCOKUX eHepauja. [Jok ce npea
pasunasu 3a KoHa4He eHepeauje, Opyaa mexu HyJsiu Kako ce eHep-
auja nosehasa. Osaj peHomeH QCD Hasuea ce acumnmomcka
cr060da.

KrbyyHe peyu: kgaHmMHa eriekmpoduHaMuKa, KeaHmHa XpoMo-
OuHaMuKa, KeaHmMHa meopuja nosba, peHopmanau3ayuoHa epy-
na, bema ¢yHKuuja.
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Abstract:

Introduction/purpose: To specify the practical application of ECMA-
355 and ECMA-336 Standards for Q-SIG tunneling and the
implementation of mapping functions via the existing IP (Internet
Protocol) network of the Serbian Armed Forces (Intranet SAF), in
the Private Automatic Telephone Network SAF (PATN SAF), as
the main part of the Private telecommunication-information
networks of integrated services SAF (PISN SAF).

Methods: Description of the implemented solution and analysis of
the software parameters of the established transmission SIP route,
with the display of the results obtained in the fight with jitter and
echo in the network.

Results: With such a solution, it was achieved that participants from
the peripheral parts of the PISN SAF, which operate on the
principle of transmission and circuit switching by TDM (Time
Division Multiplexing), can connect with each other via the newly
established central IP network SAF (Core network) which operates
on the principle of transmission and switching packets with the SIP
(Session Initiation Protocol), without losing the functionality of Q-
SIG from the framework of the digital telecommunication network of
integrated services ISDN (Integrated Services Digital Network).
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Conclusion: The article deals with the modern IP PINX (Private
Integrated Services Network Exchange) manufactured by Mitel,
type MX-ONE Service Node 6.0, which is implemented at the
transit level PATN SAF and which successfully implements the
process of tunneling Q-SIG through the IP network and the
necessary functions for mapping the transmission of tunneled Q-
SIG messages and mapping voice (and other audio) information to
VoIP (Voice over IP) communication media streams through that
network. Also, the basic elements for its software preparation
during the introduction of a new SIP route, with a capacity of 30 IP
trunks in a transmission beam realized with 100 Mb/s-T Ethernet,
are given, and the fight with the present jitter and echo in the
network is described. Finally, the paper presents the experience-
based values of the parameters for reducing the influence of jitter
and suppressing echo.

Key words: PATN SAF, Q-SIG, PISN, IP PINX, MX-ONE, media
gateway, media server, tunneling Q-SIG, encapsulation,
mapping functions, jitter, echo.

Introduction

The Serbian Armed Forces (SAF) is a specific organization that has
its own, modern, functional telecommunications information system
(FTIS), for sufficiently fast and quality processing and transmission of
accurate and protected information (spoken and non-spoken). In the
framework of transmission and switching of this information, the FTIS
offers a wide range of modern telecommunication customer services and
network services to users in the SAF. For their realization, The FTIS SAF
provides stable technical support, not only on TDM (Time Division
Multiplexing) but also on a modern IP (Internet Protocol) organized
platform.

The FTIS SAF is a functional, integrated telecommunication-
information platform, which, in addition to the fixed part, also contains a
mobile component of the system (McTIS), primarily intended for
communication on the ground and in combat conditions. Therefore -
while respecting the complexity of the organization, the achieved degree
of technical integration and geographical distribution - the FTIS SAF
coincides with the performances, determinants and standards of a large
modern CTN (Corporate Telecommunications Network). (Svrzi¢, 2019;
Svrzi¢ et al, 2021)
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About 15 years ago, in an important part of the FTIS SAF, i.e. in the
Private Automatic Telephone Network SAF (PATN SAF), a network
signaling system type Q-SIG (Q-Signalling), oriented to work on CCS
(Common Channel Signaling), was put into operation, being specially
designed and globally standardized for use in CTN (InterConnect
Communication, 1995). Its application, in the PATN SAF, first provided
the possibility for ISDN (Integrated Services Digital Network)
interoperability between participating Digital Automatic Telephone
eXchanges-DATX of different manufacturers. Later, this interoperability
was provided between these DATX and the switching centers within the
McTIS, as well as the switching center of the Digital Mobile Radio
Network TETRA (Terestrial Trunking Radio) (Svrzi¢ & Jovanovski,
2021a; Svrzi¢ et al, 2021b). Also, interoperability with PINX (Private
Integrated Services Network eXchange) was provided from PTNs
(Private Telecommunication Networks) of other armies or military
alliances, with which the interconnection of the FTIS SAF is planned. In
the end, of course, that interoperability is provided with the switching
nodes of public mobile telephony operators in Serbia. (Svrzi¢, 2019;
Svrzi¢ et al, 2021)

In this way, high integration has been achieved in the PATN SAF to
date, both in terms of complete independence from various ISDN DATX
manufacturers and in terms of achieving the planned scope of
implementation of basic and additional customer services and network
services (specified by the whole family of individual Q-SIG standards),
which have become available to PATN SAF users, regardless of which
network switching node they are connected to. However, the integrated
FTIS SAF today, in addition to the TDM PISN (Private Integrated
Services Network), also contains the Intranet SAF. The network layer
protocol, in that IP network, is defined according to IETF RFC 760 and
IETF RFC 791J Recommendations, while on the application layer the
network is based on the SIP (Session Initiation Protocol), which is
defined according to IETF Recommendations RFC 3261J and IETF RFC
3311. Such heterogeneous situation (existence of TDM and IP)
immediately raised the question of the further application of Q-SIG in the
PATN SAF, as a large part of the FTIS SAF, in terms of efficiency,
economy and comprehensiveness of customer services and network
services, not only on its homogeneous ISDN parts but also on parts with
transport IP / SIP networks (proprietary IP networks within the Intranet).
Also, it raised the question of the possibility of extending the service life
of the existing switching equipment (PINX) during the time when the IP
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platform will be the dominant medium for signal transmission between
them.

For these reasons, in the last few years, a certain number of node
and transit DATXs have been completely replaced or modernized in the
PATN SAF, which have (of course) become interoperable with the
aforementioned proprietary newly built IP network (Intranet SAF). The
Intranet SAF offers a packet mode of switching and transmission of all
services (without connection) that are based on Internet Protocol, as the
mentioned network layer protocol. The newly introduced, modern digital
switching systems of Western origin are the so-called IP PINX, which are
specially designed to work in the PISN and, using an integrated gateway,
enabled to work with both ISDN and IP / SIP environment. At the same
time, which is of crucial importance for their application in the PATN SAF,
they enable the continuation of the successful functioning of network
signaling of the Q-SIG type. Such IP PINXs today play the role of main
entities in the PISN SAF, which basically consist of a switching function
and a call management function. Of course, they successfully support the
networking and implementation of all additional services and ANFs
(Additional Network Features) with the application of Q-SIG, not only in
accordance with previous Standards: ECMA-142, ECMA-143, ECMA-165
and relevant individual Q-SIG standards from Annex D Reference:
“‘QSIG. The Handbook for Communications Managers” (InterConnect
Communication, 1995), (for the PINS part with TDM organized switching
and transport network), but also in accordance with new ECMA-355 and
ECMA-336 Standards (for the PINS part with IP organized switching and
transport network). (Ecma International, 2002; Ecma International, 2008;
Svrzi¢, 2019; Svrzi¢ et al, 2019a; Svrzi¢ et al, 2021; Svrzi¢ & Jovanovski,
2021a)

Role of ECMA-355 and ECMA-336 Standards in the
PATN SAF

Let us recall that ECMA-355 Standard specifies a procedure for
tunneling Q-SIG messages over the SIP, which is an application layer
protocol for establishing, terminating, and modifying multimedia sessions.
The SIP is usually transmitted over the IP, as a network layer protocol, so
in this case phone calls are considered a type of multimedia session in
which only audio signals are exchanged. Namely, in the real
telecommunication network scenario SAF, the application of ECMA-355
Standard solves the case where a Q-SIG call (or only signaling
independent of the call), which originates from the "A" user connected to
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PINX from some TDM part of the PISN, passes through the central works
with the IP network using the SIP, and ends with “B” of the user
connected to the PINX from another TDM part of the PISN (or another
PINX of the same TDM part of the PISN). It is very important to
emphasize that during such a way of connecting, they manage to
preserve all the possibilities of Q-SIG during the passage through the IP
network. The reason for this is that by applying the Q-SIG tunneling
procedure, its original messages are encapsulated within SIP requests
and SIP responses, which are exchanged in the context of the prescribed
SIP dialogue in the IP network. This then means that, by applying the
tunneling procedure for the transmission of signaling messages from the
Q-SIG, in the PATN SAF it is possible to call between PINX, i.e. "islands"
within the parts of the PISN with circuit switching that use Q-signaling,
and in the event that their interconnection (in one part) is realized by a
transport IP network (which uses the SIP), without losing Q-SIG
functionality. In such situations, PINX provides its participants with a
regular Q-SIG call, or a Q-SIG call by type with independent signaling, as
well as additional services and all ANFs, as the applied innovated ECMA-
355 Standard facilitates the introduction of improved SIP and SDP
functionality (Session Description Protocol, defined by IETF
Recommendation RFC 3264J). These improvements are of such a
nature that they include the possibility of applying encryption of useful
signals and mechanisms for more functional exchange of information
(offers and responses) within the SDP, which (among other things)
include mandatory renegotiation (i,e. negotiation and vice versa) during
the exchange of SDP offers/responses on the part of the connection path
with the IP network. (Ecma International, 2008; Svrzi¢, 2019; Svrzi¢ et al,
2021; Svrzi¢ & Jovanovski, 2021a)

In order to more precisely define the role of ECMA-355 Standard,
which addresses the issue of modernized use of Q-SIG in the
heterogeneous PATN SAF, it should be noted that it covers only the case
of this type of connection in which an individual dialogue between two
Gateways (edge IP PINX located at both ends of the transport IP
network) is used to make one regular Q-SIG call (or one call-independent
signaling connection), basically as defined in ECMA-165. This specifically
means that ECMA-355 Standard in the PATN SAF applies only to
situations where, on a part of the transport IP network, the SIP dialogue
is initiated at the beginning of a regular Q-SIG call (or call-independent
signaling) and deleted upon their completion (or interruption). An
improved scenario, according to which one SIP dialogue would be
maintained in the long run and used for tunneling messages of multiple
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Q-SIG calls, or multiple connections of independent signaling, with a
possibility to accept them at any time (including those calls that are just
generated), is not supported in the specifications of the said ECMA
standard, so it could not be applied within the PATN SAF. (Ecma
International, 2008; Svrzi¢, 2019; Svrzi¢ et al, 2019a; Svrzic et al, 2021)

The implementation of the mapping functions in the IP switching
systems PISN, which are necessary for the use of network intervention
scenarios, in the PATN SAF is achieved using ECMA-336 Standard,
which is a pragmatic and broad-based consensus for regulating this area
of work in the PISN. In fact, this standard specifies functions for using a
packet network from an IP framework, as a network layer protocol. In this
regard, ECMA-336 Standard specifies how to use the TCP (Transport
Control Protocol), as the transport layer protocol defined by IETF
Recommendation RFC 761, and the UDP (User Datagram Protocol),
Recommendation IETF RFC 768, and to interconnect the two IP PINXs
that make up the entities of heterogeneous PTNs (Private
Telecommunications Networks), composed of marginal PISNs and
central IP networks. The interconnection of the specified IP PINX,
connected by the transport IP network, is achieved by transmitting the
inter-PINX signaling protocol Q-SIG (as specified in ECMA-143, ECMA-
165 and other ECMA standards), directly via TCP, and by transmitting
inter-PINX user information (e.g. speech), via the RTP (Real-time
Transport Protocol), as defined by IETF RFC Recommendation 1889,
whereby the RTP is transmitted within the UDP.

According to ECMA-336 Standard, two types of inter-PINX
connection (IPC) of participating IP PINX are envisaged:

* “on demand”, where a separate TCP connection for Q-SIG is
established at the beginning of each call and deleted at the end of that
call; and

* “semi-permanent”, where one TCP connection with unlimited
duration transmits Q-SIG on behalf of multiple individual calls.

To comply with this standard, each IP PINX in the PATN SAF
constructively meets the reference configuration defined in ECMA-133
Standard and the requirements set out in the implementation of the
Implementation PICS (Conformance Statement Proforma), the text and
form of which are defined in the Annex A of ECMA-336 Standard. Their
switching and call management functions communicate logically, via the
Q point instance, on both connected IP PINXs. This communication is
known as an IPL (Inter-PINX link) and contains a signal channel, known
as a Do channel, and one or more channels for user information, each
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known as a Uq channel. One or more IPLs can be established in many
ways between the same pair of cooperating IP PINXs. Specifically, in the
PATN SAF, some realized IPLs use IP-based IVN (Intervening Network)
services. Each IP PINX is physically connected to the IVN at a reference
point “C”, and the IVN then provides connections, defined as Inter-PINX
connections between the reference points “C” of the end PINXs. This
then means that the mapping functions, within each of the IP PINX, map
the Dq channel and Uq channels at the reference point “Q” to one or
more IPCs, which are then held via the reference points “C”.

In the PATN SAF, where the IVN is IP-based, ECMA-336 Standard
is used to specify mapping functions to establish the following types of
IPC:

* For a TCP connection, used to transmit Q-SIG signaling messages
and RCI (Resource Control Information).

» To establish a pair of UDP streams, one stream in each direction,
to transmit user information (audio and others) over the RTP.

Connecting participating IP PINXs means that the IPL requires one
TCP connection, to support the Dqg channel, and one pair of UDP
streams, to support the Ug channels, and a TCP connection (in addition
to carrying the Q-SIG protocol) is also required to transmit information on
resource control (RCI), which are essential for establishing UDP flows.
(Ecma International, 2002; Svrzi¢, 2019; Svrzi¢ et al, 2019a; Svrzi¢ et al,
2021)

Description of the IP PINX manufacturer MITEL type
MX-ONE Service Node 6.0 from the PATN SAF

In the current PATN SAF, the main representative of the mentioned
IP PINX is Mitel's switching system of the type MX-ONE Service Node
6.0, which is by nature a SIP Soft Switch for SaaS applications
(Software-as-Service). In the PATN SAF, this type of IP PINX was
introduced for its modernization, as it provides users with all integrated IP
communications services (modern voice and video services and
functions), but also, through the integrated Media Gateway (MGW), very
successfully enables servicing inherited protocols, services and functions
from the framework of TDM and analog technology (Svrzi¢, 2019; Mitel
Sweden AB, 2018a).
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Components and architecture of the MiVoice MX-ONE
Service Node communication systems

Each MiVoice MX-ONE Service Node 6.0 switching system consists
of the following three main components:

* Telephony Server MX-ONE Service Node (formerly known as MX-
ONE Telephony Server), which has the task of taking care of signaling. It
is actually call management software, based on the Novell SUSE® Linux
Enterprise Server (SLES) version 11, with a 64-bit codeword
architecture. It can be installed on the private IP network itself (or in the
Esxi virtual environment on the cloud), as an instance of VMware Virtual
Machine, or it can be installed on a standard physical, Intel-based server
(i.e. any other server based on Intel technology).

» Software or hardware Media Server MX-ONE Media Server, with
DSP (Digital Signal Processor) resources for managing tone detection,
multiple conferencing and packet switching between different IP
endpoints, i.e. between different protocols and codecs (SIP and H.323
protocols; G.711 and G.729 codecs) in a homogeneous SIP
environment, when direct media connection is not possible, i.e. when
direct exchange of media streams between terminals is not performed. In
installations with the SIP environment only, the Media Server has a load
distribution/load balancing function and there is no need for dedicated
Media Gateway hardware. For such installations, the Media Server can
be located in the same Linux machine as the MX-ONE Service Node Call
Server, which reduces the user trace, but can also be located on a
separate server.

* Media Gateway, which is not a mandatory component, but must
exist as a supplement to the IP PINX variant in the PATN SAF. It is one
or more hardware units, additionally installed in the IP PINX
configuration, to provide everything that the Media Server does, but also
to provide users with services on physical participant and transmission
interfaces in TDM technology, and according to PINX, public networks
and auxiliary devices. The Media Gateway also includes DSP resources
for tone management, conferencing, packet switching to IP phones (SIP
and H.323) and for media conversion between different protocols. Any
combination of the Media Server and the Media Gateway (up to a
maximum of 15 Media Gateways) can be connected to the same Server
to call the MX-ONE Service Node.
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An overview of the manufacturer's (proprietary) system main
components, terminal devices, applications and parts of the IP PINX MX-
ONE Service Node 6.0 IP monitoring and management system, as well
as the systems and applications of other manufacturers that can be
included in this system, is shown in Figure 1. It should be immediately
pointed out (although part of it is not explicitly seen in the Figure) that the
IP PINX itself, in addition to the above basic components, also includes
hardware components for capacity building of various non-IP participants
(analog and digital), components no IP and no ISDN trunks and power
supply components. It also includes various terminal devices, which
include all types of Mitel's participating telephones (IP, digital, video,
mobile DECT, IP DECT, etc., up to analog), Legacy Terminals of earlier
generations-LT and intermediary apparatus-AC (Attendant Clients).

The necessary monitoring and management of this system is
realized by connecting an external Directory Server which is not a Mitel
product, and which then contains all the necessary dedicated,
managerial service software (software packages: Provisioning Manager,
Service Node Manager, Traffic Manager, etc.). To support the smooth
operation of the IP PINX itself and the monitoring and management
system, there are all the necessary software applications. Various 3rd
Party devices, systems and other applications (from other manufacturers)
can be connected to this IP PINX, such as VolP Recording, SMS Server,
Contact Center, Attendant, IPC, etc. (Mitel Sweden AB, 2018a)

For IP PINX, applied in the PATN SAF, Media Gateway LIMs (Line
Interface Modules) type MX-ONE Classic with an implemented MGU2
board are implemented and housed in 19 " LIM cabinets type LBP22. In
the basic variant (with one MGU2 board) Media Gateway LIM supports
up to 4 interfaces of the ISDN/PRA E1 or T1 type, analog and digital
extensions, mobile DECT extensions, IP extensions (with H.323 and SIP,
including IP DECT and WiFi), IP networking (with H.323 and SIP) as well
as Q-SIG networking.
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Figure 1 — Overview of the main and additional components, devices and applications of
the IP-oriented PINX type MX-ONE Service Node 6.0 (Mitel Sweden AB, 2018a)

Puc. 1— O630p 0CHOBHbIX U O0MOHUMESIbHBIX KOMITOHEHMOS, ycmpolicme u
npunoxeHull IP-cepsucHo-opueHmupogaHHo20 y3na PINX muna MX-ONE 6.0 (Mitel
Sweden AB, 2018a)

Cnuka 1 — lNpeaned enasHux u onyHCKUX KOMMIOHeHMU, ypehaja u annukayuja 1P
opujeHmucaHe PINX muna ,MX-ONE Service Node 6.0 ”(Mitel Sweden AB, 2018a)

The appearance of a built, modern IP PINX type MX-ONE Service
Node 6.0 on one of the telecommunication centers in the PATN SAF,
with the architecture of 2 Media Gateway LIMs in one cabinet, type MX-
ONE Classic (in the basic variant), is shown in Figure 2 (Svrzi¢, 2019).
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Figure 2 — Appearance of a modern, IP-oriented, transit PINX type MX-ONE Service
Node 6.0 at a telecommunications center in the Air Force (Svrzic, 2019)

Puc. 2 — N3obpaxeHue cospemeHHoe0, IP opueHmuposaHHo20, mpaH3umHoz20o PINX
murna MX-ONE Service Node 6.0 8 menekomMmyHUKayUOHHOM yeHmpe BoeHHo-
8030ywHbIx cun (Svrzié, 2019)

Cnuka 2 — U3aned caspemeHe, |P opujenmucaHe, mpaH3umHe PINX muna ,MX-ONE
Service Node 6.0 ”Ha jeOHOM menieKkoMyHUKayUOHOM ueHmpy y PamHom
sasdyxoriioecmey u rpomugsasdyxornnosHoj o06paru (PB u NBO) (Svrzi¢, 2019)
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Figure 3 shows the layout of a 7U cabinet of the Media Gateway
LIM, type MX-ONE Classic (with the MGU2 board), from the composition
of the MX-ONE Service Node 6.0 (Mitel Sweden AB, 2018a).
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Figure 3 — Appearance of the 7U cabinet of the Media Gateway LIM type MX-ONE
Classic (with the MGU2 board) from the composition of the MX-ONE Service Node 6.0 in
the PATN SAF (Mitel Sweden AB, 2018a)

Puc. 3 — UNsobpaxeHue wkagha 7U Media Gateway LIM-a muna “MX-ONE Classic (c
nnamot MGU2) u3z cocmasa cepsucHoz2o y3na MX-ONE 6.0 e PATN Boopy>XeHHbIx
Cunax Pecnybnuku Cepbus (Mitel Sweden AB, 2018a).

Cnuka 3 — Nszned 7U kabuHema Media Gateway LIM-a muna ,,MX-ONE Classic ”(ca
nnovyom MGU2) u3 cacmasa ,MX-ONE Service Node 6.0y lMTATnMp BC (Mitel Sweden
AB, 2018a)

Basic traffic characteristics and components of the IP PINX system
MX-ONE Service Node 6.0
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Native support for IPv6 addressing

Regarding the MX-ONE 6.0 version, in addition to (earlier) IPv4, this
switching system also supports new IPv6 addressing. The MX-ONE
Service Node call server and Gateway components can operate as a
native IPv6 network, in accordance with IETF Recommendation RFC
2460 (Deering & Hinden, 1998). It is assumed that the HV platform and
OS software can work using IPv4/IPv6 "dual stack" interfaces for the IP
network. Alternatives are: IPv4/IPv6 “dual stack” or just IPv4. From a
signaling and media perspective, the software components of the MX-
ONE elements (Call Manager and Media Gateways) can be configured to
perform and share standard IPv6 addressing. An IPv4/IPv6 "dual stack"
is installed for Inter-server communication, but only IPv6 is used
regularly. In fact, the entire system (all servers) must use the same IP
version of addressing.

IPv6 and IPv4 addressing are supported for SIP terminals, clients
and trunks. According to H.323 terminals, H.323 client and H.323 trunk,
only IPv4 addressing system is supported. If one terminal only supports
IPv4 and the other terminal only supports IPv6, the call between these
two terminals will only be possible with a gateway. The MGU2 and the
Media Server support both IPv4 and IPv6 addressing, but, in cases
where security (signal encryption) is not used, only the IPv6 addressing
variant is used for the MGU2. (Mitel Sweden AB, 2018a)

VoIP protection interfaces, protocols, QoS and telephone
applications

The software performs call management functions and has complete
control over all ongoing calls as well as resources in the Media Gateway.
The following protocols and interfaces are available for the external
connection of MX-ONE Service Node 6.0, both to systems and
applications of the same manufacturer and to systems and applications
of other manufacturers ("Third Party"):

» Private networking via SIP trunks as well as via H.323 trunks,
where ISDN Q-SIG or proprietary ISDN signaling is transmitted.

* Private networking via E1 (30B + D) and T1 (23B + D) trunks, via
ISDN Q-SIG transmission, where T1 is used only in the MGU2.

* Private networking via ISDN trunks E1 and T1, using proprietary
signaling.

* Private networking via MFC signaling transmission.

+ Private networking via signaling transmission via CAS (Chanel
Asotieitid Signalling).

181

Svrzi¢, S. et al, Transmission of Q-signaling by the tunneling procedure in the automatic telephone network of integrated services of the Serbian Armed Forces, pp.169-206



ﬁ* VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2022, Vol. 70, Issue 1

* Private networking via DASS2 signaling transmission.

» Private networking via DPNSS (Digital Private Network System
Signaling) and CAS transmission via E1 and T1 trunks.

* Public SIP trunk (with different network operator profiles).

* Public ISDN PRA via E1 and T1 and ISDN BRI (2B + D). (Mitel
Sweden AB, 2018a)

When it comes to the quality of service in VolP, i.e. quality of service
- QoS (Quality Of Service), it can be registered upon a call, as follows:
delay, jitter, codec used and packet loss rate can be monitored and
recorded. The data can be displayed in the Service Node Manage” or via
the CIL (Command Line Interface) call log output information.

When it comes to VolIP protection and security, the MX-ONE Service
Node supports the use of the SRTP (Security Real-time Transport
Protocol), as recommended by IETF RFC 3711 (Baugher et al, 2004).
The MX-ONE Service Node also supports TLS (Transport Layared
Security), as recommended by IETF RFC 4346/5246 (Dierks & Rescorla,
2006; Dierks & Rescorla, 2008), which provides secure access to IP
phones and web services and secure signaling between IP phones and
the MX-ONE Service Node. (Mitel Sweden AB, 2018a)

It is quite understandable that the SAF is paying more and more
attention to the security aspects of the IP telephony infrastructure, which
is also characteristic of the civil sector, where it is taken care of by
corporate information directors (ClOs), many IT administrators and users
themselves. Voice over IP traffic (signal and media) must be protected
from possible numerous attacks. For example: media streams are
protected from eavesdropping and intrusion, and signaling from
modifications. For this reason, the PATN SAF specifically performs group
crypto protection on IP/SIP trunks, which is necessary in order to
professionally protect the signaling of VolP messages and the content of
media streams. Regardless of the aforementioned, the MX-ONE Service
Node 6.0 system by default supports the following security measures that
can be applied in practice:

* Use secured RTP (i.e. SRTP) to protect media streams. MX-ONE
supports the use of SRTP to encrypt media streams in IP phones as well
as in MGU2,

» Use Transport Layer Security to protect signal messages. In doing
so, TLS guarantees the privacy of signaling even when SRTP keys are
exchanged between parties, and

» Support a number of flexible security “policies”, i.e. support
environments with different security requirements. If extensions are
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allowed, then the main principle for security policy is guidance: whether
these extensions must be registered in the system or not. After the
registration of the realized extension, in terms of security, calls to any
other party are allowed. SIP terminals must be authenticated using HTTP
digest authentication. If the user is assigned a PIN code, authentication
will be performed together with the SIP dialog, and from the SIP
framework requires "INVITE". MX-ONE servers "spin" on operating
systems that are highly capable of successfully resisting the most
common network attacks. In that sense, recognized endangered services
are immediately turned off, and the integrity of the files is periodically
checked. In addition, clients are advised to implement security "policies"
that cover the management of "patches" and antivirus software
"updates".

To overcome the separation of VLANS, server "farms" need to be
protected by "fire walls" and IDSs (Intrusion Detection Systems), which
can block attacks. All control interfaces to MX-ONE servers can be run
via secure protocols, such as SSH and HTTPS. Management and access
operations of such interfaces are logged to have maximum control in the
system. Users and system administrators must always authenticate
themselves before obtaining permission to access the system. In
addition, the access control mechanism allows different levels of privilege
roles to be assigned to both users and system administrators. With MX-
ONE 6.0, VoIP security keys have been modified to comply with EU
legislation 388/2012 (formerly 1232/2011). The VolP security key is only
allowed to work in one system installation. (Mitel Sweden AB, 2018a)

Media Server system component on the ASU-E board

From the aspect of the problem of IP PINX networking type MX-ONE
Service Node 6.0 and the application of the Q-SIG tunneling procedure
on the part of the central IP network (Core network) from the PTIS SAF,
the system components: Media Server (MX-ONE Media Server variants)
and the Hardware Media Gateway on the MGU2 board are of certain
interest.

The Media Server Unit MX-ONE Media Server has a Novells
SUSE® Linux Enterprise Server (SLES) version 11 operating system,
with a 64-bit architecture. In principle, this variant of the Media Server
unit can be implemented in several variants, but the IP PINX MX-ONE
Service Node 6.0 in the PATN SAF uses a variant of the ASU-E Media
Server board.

The applied variant of the Media Server board type ASU-E is
characterized by improved performance and is based on the COMXpress
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standard. The ASU-E server board is included in the configuration of
LIMs of the MX-ONE Classic type, in variants with service of one or more
Media Gateways. It is the latest server board (which has 16 GB of RAM),
SO in connection with that, there is a novelty in the IP PINX MX-ONE
Service Node 6.0:

* 64 bit OS (SLES11) and also natural n + 1 redundancy (network
redundancy is not necessary; "Split brain" automatic recovery; controlled
return and transition; clusters can be added, removed or reconfigured in
the system),

» Support for IPv6 addressing, so all components (Media Server and
MGW) must be either IPv4 or IPv6 compatible; support for SIP trunks
and SIP extensions; Dual stack is provided; IPv4 translations from/to
IPv6 must be performed via MGW,

« Media Server enhancements, which include a mix of Media
Servers and MGUs, based on a maximum of 15 MGW per server;
increased capacity of 2,000 RTP resources; ~ 50,000 users without using
MGW for G.729 Codec (1/10 capacity),

* “Ring groups” that include new items in “Hunt groups”
(simultaneous ringing permission for up to 16 users - except DECT);
RVA, diversions; Ring and Hunt groups, individual log-in / out; new
procedures for "log-on / out" of individual groups,

» Support for CAS extensions on MGU2,

» Support for CAS trunk signaling, and

* VMware certified ASU. (Svrzi¢, 2019; Mitel Sweden AB, 2018b)

Media Gateway system component on the MGU2 board

The Media Gateway board MGU2 is responsible for reconciling the
IP and TDM environment in the IP PINX MX-ONE Service Node 6.0, with
its specific position in the 7U cabinet, LIM type LBP22, which in practice
is recognized by a special connector , as shown in Figure 4.

The main functions of the MGU2 board are as follows:

» Mediate in all communications to the MX-ONE Service Node,

» Have interfaces for digital ISDN / PRA trunks E1/ T1,

* Provide RTP / SRTP, DTMF detection, DTMF tones and facsimile
tones over RTP and removes jitter on RTP, and echo in VolP
communication,

* Provide T.30 G3 fax transmission using Protocol T.38,

* Realize the reception and sending of DTMF codes for mobile
extensions,

* Realize the sending of tones in accordance with the standards of
particular countries,
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* Provide a conference,

* Provide greeting messages, and
* Provide network redundancy.

* Provides external alarms.
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Figure 4 — Appearance of the LIM Media Gateway 7U cabinet type LBP22, with a display
of precisely defined positions for the MGU2 board and the DC/DC circuit in it (Mitel
Sweden AB, 2017)

Puc. 4 — Nz0bpaxeHue wkagha LIM Media Gateway 7U muna LBP22 ¢ omobpaxeHuem
mMOYHO orpedesieHHbIx no3uyul y3snoe niamsi MGU2 u cxembl DC/DC
npeobpasosamenel (Mitel Sweden AB, 2017)

Cnuka 4 — U3a2ned LIM Media Gateway 7U kabuHema muna LBP22, ca npuka3zom
mayHo OeghuHucaHux nosuyuja 3a MGU2 nnovy u DC/DC ckron y hemy (Mitel Sweden
AB, 2017)

The layout of the front panel of the Media Gateway MGU2 and an
overview of the elements on it are shown in Figure 5.

Also, inside (on the board itself), there is a V24 interface for
accessing the board, while on the back of the board there is a Back plane
interface that can communicate with 16 position-boards. The displayed
LED indication, on the front side of the MGU2 board, indicates the
operational states in the operation of the board via visualization, as
follows:

* Blinking red - the panel is in “boot mode”,

« Solid red - the board is not active,

» Solid green - the board is registered to MX-ONE as well as its
communication ports, and
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* Flashing green - active board and STCP packets are sent from
MX-ONE to MGU2. (Svrzi¢, 2019; Mitel Sweden AB, 2017)

USB connection Key hole

LAN connections | E1/T1 connections

RESET button Status LED
(behind front)

Figure 5 — Appearance of the front panel of the Media Gateway MGU2 (Mitel Sweden AB,
2017)
Puc. 5 — N306paxeHue nepedHeli naHenu Media Gateway MGU2 (Mitel Sweden AB,
2017)
Cnuka 5 — U3ened ¢pponma nnove Media Gateway-a MGU2 (Mitel Sweden AB, 2017)

MGU2 setting

When initializing the MGU2 board, of course for the role of the Media
Gateway in the IP PINX system MX-ONE Service Node 6.0, software
settings are performed using the following commands:

. "setpar eth0_ip ip-address/netmask” - address
media_gateway_config,
. "setpar eth2_ip ip-address/netmask” - address

media_gateway _interface,
* "setpar def_route ip-address" - the default Gateway address,
* “setpar nfs_server ip-address” - MX-ONE address,
* "dispar all" - check parameters,
 "savepar" - save parameters, and
* "restart” - restart.

Note that in terms of the application of command syntax, in MX-ONE
Service Node 6.0 in CIL, the syntax of MML commands for TDM is
retained, as well as the added syntax of new UNIX commands for the IP
(these commands have a record in Linux). (Svrzi¢, 2019; Mitel Sweden
AB, 2017)

Reporting the MGW Signaling Interface

The command that defines the applied signaling of the MGU2 Media
Gatewey and defines the Signaling interface is:

186




“‘media_gateway_config-i-m1A-mgw-type MGU-cidr
192.168.5.56-default gateway 192.168.5.1”, where the most important
parameters are:

* -cidr - address of the interface with the network mask in the format
XX XXX,

« -default-gateway - gateway address,

* -ip-configuration-mode (static, dhcp, slaac),

* -| - number of sheets,

* -link-mode - interface speed,

* -media-gateway - number of lim and gateway; format: LG, L = 1-
124, G = A-O, and

* -mgw-type - type mgw (Isu, mgu). (Svrzi¢, 2019; Mitel Sweden AB,
2017)

Reporting the MGW RTP interface

The command that defines the RTP data for media streams in the
MGU2 Media Gateway and defines the Signaling Interface is:

"media_gateway_interface-i-media-gateway 1A-cidr
192.168.5.55-default gateway 192.168.5.1", and the parameters are
exactly the same, as well as when registering the Signaling Interface,
with the following two parameters:

* -port-start and

* -port-stop, which defines the range of ports for the media. (Svrzic,
2019; Mitel Sweden AB, 2017)

MGW information

The command that prints MGW data is: “media_gateway_info”, and
the important parameters are:

« -attrib - Feature name,

* -boo - Bool value,

* -mgw-name - Resource instance,

* -print - Read general Media gateway information,

* -set - Set data in the resource name,

* -string - String value, and

* - Other parameters used to set MGU2. (Svrzi¢, 2019; Mitel Sweden
AB, 2017)

SIP trunking and other features of a modern private
automatic telephone network

The IP PINX MX-ONE Service Node 6.0 is certified for a large
number of SIP network providers and complies with the SIP Connect 1.1
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standard. The MX-ONE SIP trunking interface is also the basis for
integration with "third party" systems, such as Microsoft Linc 2013/Skipe-
for-Business, IBM Sametime SUT and other platforms to enable
"federation” between different communication platforms (Mitel Sweden
AB, 2018a).

The PINX type MX-ONE Service Node 6.0 can be connected to a
private network with other such MX-ONE systems or Mitel's TSW/MD110
systems, as well as with switching systems from other manufacturers. In
order to use network services between all participants in such a private
network, it must be homogeneous, in terms of the system of applied
standardized signaling. This means that trunks to connect telephone
exchanges must use the same standardized signaling system, since in
the network scenario of switching from one signaling system to another,
network services are not supported on the Gateway. Private networks in
which trunk connections use ISDN, SIP and H.323 signaling systems are
considered homogeneous networks (in terms of signaling). Figure 6
shows the basic scenario of the PINX connection in a modern PISN of a
functional user, which can be analogously copied for use in the PATN
SAF, provided that the shown IP network Intranet WAN is understood as
an existing IP network SAF (Intranet).

PSTN i PSTN PSTN
. ..‘n ::Si :,'
sip ™. p ' 1SDN/QSIG
- PSTN
sip 5
*~..ISDN/QSIG
sip *
PSTN
PSTN

Figure 6 — Principle of the organization of homogeneous PATN with the switching
systems Mitel MX-ONE, Mitel TSW/MD110 and those of other manufacturers (Mitel
Sweden AB, 2018a)

Puc. 6 — lNpuHyun opeaHu3ayuu 00HOopoOHo20 PATN ¢ KoMMymayuoHHbIMU cucmemamu
Mitel MX-ONE, Mitel TSW/MD110 u cucmemamu dpyaux npousdsodumened (Mitel
Sweden AB, 2018a)

Cnuka 6 — lNpuHyun op2aHusayuje xomozeHe lNATnMp ca komymayuoHuUM cucmemuma
Mitel ,MX-ONE”, Mitel ,TSW / MD110” u dpyaux npouseofjaya (Mitel Sweden AB,
2018a)
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The figure shows that switching systems 1 to 4, in fact IP PINX of
the same manufacturer, are interconnected via the IP network with SIP
(and additional proprietary signaling), while switching systems 5 and 6
are ISDN PINX (possibly another manufacturer), connected to the
network via transit IP PINX 4 using ISDN Q-SIG (Q-signaling), via
transmission systems using TDM. In such an ATN organization, all
switching systems shown, i.e. IP PINX and ISDN PINX, can have their
own incoming and outgoing external trunks for connection to the PSTN
(Public Automatic Switched Telephone Network).

The IP PINX MX-ONE Service Node 6.0 supports a number of
shared user services and ANFs (Additional Network Functions). Typical
customer services and network features are: “Call Diversion”, “Call
Back”, “Call Intrusion”, “Call Waiting”, and “Bypass Diversion”
(overcoming redirects). In order for the mentioned customer services and
ANFs to be fully used throughout the entire private automatic telephone
network, it is necessary that there exist a "powerful" signaling system in
that network, which can transmit all the necessary signaling information.
(Svrzi¢, 2019) (Mitel Sweden AB, 2018a). There are two groups of
common network characteristics, i.e. system functions and customer
services (which include basic and additional services). System functions
are those used to switch and route calls in the network, in a controlled
and fast way to the called destinations. The user can only request or
influence user services, while he cannot exert any influence on system
functions.

In addition to the above, the following interesting features are
supported within this type of PINX: "Customer Group”, "Hospitality",
"VolP Recording”, "Recorded Voice Announcement”, "Blasklisting Of
Calling Public Subscribers”, "Streaming On Idle Extension”, some of
which could be applicable in the PATN SAF. (Svrzi¢, 2019; Mitel Sweden
AB, 2018a)

Description of the realized software preparation
procedures for practical application of Q-SIG tunneling
solution on the part of the PATN SAF

The tunneling of Q-signaling through IP proxy using the SIP is
practically realized on one part of the PATN SAF, where the
interconnection between two participating transit IP PINX type Mitel MX-
ONE Service Node 6.0, is realized by a transmission beam of 30 IP
trunks, and via a connection path organized with a capacity of 10/100
Mb/s Ethernet. The participating end PINXs from the corresponding ISDN
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parts of the PISN SAF are connected to both transit IP PINX, via the
transmission beams of 30 TDM trunks each (with E1/ISDN PRI) and with
the application of Network Signaling type Q-SIG. In connection with such
a new situation in the PATN SAF, the necessary software interventions
(for local resources on the IP PINX itself, and for network resources)
were performed on both respective transit IP PINX, necessary to adapt
user and network traffic data to the new situation, which was created by
introducing a new route and establishing an IP/SIP transmission beam on
it. (Svrzi¢, 2019; Svrzic et al, 2019a)

Numbering plan

The first, and very important, step in defining user data was to
supplement the existing Numbering Plan (additional configuration).
Therefore, it was very important to determine the parameters for the
destination of the newly established route and direct the relevant external
destinations from the Numbering Plan to it. The commands that define
the numbering plan and read the entered data are: “number_initiate”
and “number_end_number_print”.

Common categories

The next step was to define the amendments to the Common
Categories, which determine the privileges in the process of making a
basic call and user and network services over the newly established
route. In this regard, we note that the only some categories of locals have
the right of access to external destinations; that the length of dialing digits
varies from category to category, etc. In doing so, we distinguish two
types of Common Categories: for IP extensions and for analog/digital
extensions, which are defined through the CIL interface with different
commands. Common categories of IP extensions are defined with the
command "Extension_profile", while Common categories of analog and
digital extensions are defined through the MML commands, with the
command "EXCCS".

Description of the SIP route definition

To administer specific data about the new route with SIP trunks, the
command: "sip_route" was used. This specific data is used as a
supplement, in addition to the data for defining traditional ISDN routes.
Namely, when defining a new SIP trunk, the command "sip_route" is
used first, and then the so-called "RO" commands: "ROCAI", "RODAI"
and "ROEQI". In this case, if necessary, changes in the data to be
created with the piece: "sip_route", can be made without removing the
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"RQ" data. Therefore, in the given case, the initialization of the new SIP
route took place in 5 steps.

Functioning related to the “sip_route” command

As explained, when the “sip_route” command is used, then the new
data is used in addition to the traditional “RO” route data. So, the
command "sip_route" must be used first, then "ROCAI", "RODAI" and
"ROEQI". Of course, SIP route data must be present before using the
‘ROEQI” command. Note that the SIP routes can also be configured to
only register subscribers in the remote system, without traffic
configuration. In the command "sip_route", to bind external to internal
numbers, together with the command to convert
"number_conversion_initiate", the commands are used: "RODDI: ADC
=", "LCDDI: BTON =", with parameters "uristringN" and "fromuriN" (with
value N =: 0-7). (Svrzi¢, 2019; Mitel Sweden AB, 2017)

Appearance of the requested printout to check the set
parameters of the initiated SIP route

In order to check the correctness and comprehensiveness of the set
parameters of the new SIP route, specific commands are used to print
the "RO" and "sip_route" parameters. In the practice of the PATN SAF,
it could be clearly seen that the default set of parameters, specific to the
“sip_route” command, is much richer than it was needed for a concrete
solution of establishing a new SIP route. Namely, many parameters are
irrelevant for a specific case, so they are without set values. (Svrzic,
2019; Svrzic et al, 2019a)

Description of the realized connection of the end
ISDN PINX, through tunneling Q-SIG via IP/SIP in the
PATN SAF

The scenario for connecting participants from the final ISDN PINX
(located on TKC1 and TKC4), realized by applying the Q-SIG tunneling
procedure via IP/SIP on the part of the connecting road between transit
IP PINX (located on TKC2 and TKC3), in the Private Automatic
Telephone Network SAF, is shown in Figure 7 (Svrzi¢, 2019) (Svrzi¢ et
al, 2019a). This situation, which arose on the Core part of the PATN
SAF, completely coincides with the situation shown on the standardized
PISN model from Figure 4 from the literature: (Ecma International, 2008)
and Figure 1 from the literature: (Svrzi¢ et al, 2019a).
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In this way, the Q-SIG call initiated by the digital participant "A",
connected to the participant board ELU-28 end ISDN PINX, numbering
"380-xxx" with TKC1, first uses Q-signaling and voice transmission to the
2 Mbit/s E1 transmission beam according to the transit IP PINX with
TKC2, to which the specified ISDN PINX is connected, via the E1
connection on the transmission board TLU-76 and via the transmission
system ODS 2.5 Gb/s.

The Q-SIG call initiated by this transmission system comes to the
transit IP PINX, as it is brought from its E1 port to the 2 Mb/s E1 interface
port of its Media Gateway on the MGU2 board (plays the role of the
Inbound Gateway). On the transit IP PINX, the call is processed in
cooperation with the Media Server on the ASU-E board, in terms of
encapsulating incoming Q-SIG messages (for signaling) and establishing
media streams (for speech) within the SIP dialogue (TCP for Q-signaling
and UDP for media streams). By applying the Q-SIG and media tunneling
process by voice transmission within the SIP, the call over 100 Mb/s IP
Switch and 100 Mb/s Ethernet port ODS 2.5 Gh/s crosses over the
proprietary IP network with the SIP to the second transit IP PINX with
TKC3. With a 100 Mb/s Ethernet port ODS 2.5 Gb/s and via the IP
Switch, the call comes to the MGU2 board and the transit IP PINX, i.e. to
its Media Gateway (plays the role of the Exit Gateway).

The cooperation between the Media Gateway and the Media Server
translates encapsulated Q-SIG messages and UDP media streams from
the SIP dialog box into the original Q-SIG processions and the original
speech signal in the ISDN format. With a 2Mb / s E1 interface on the
MGU2, which is connected to the E1 port of the 2.5 Gb / s ODS
transmission system, the Q-SIG call comes to the final ISDN PINX with
TKC4. Namely, from the E1 connection of ODS 2.5 Gb / s, the call comes
to the transmission board TLU-76, and through local switching ends at
the participant "B" connected to the board of digital participants ELU-28,
this ultimate ISDN PINX with the numbering "350 -xxx ” which uses Q-
SIG on the transmission beam to connect to the transit IP PINX with
TKC3. (Svrzi¢, 2019; Svrzi¢ et al, 2019a)
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Figure 7 — Scenario of tunneling Q-SIG over the proprietary IP network with the SIP in the
PATN SAF (Svrzi¢, 2019; Svrzic et al, 2019a)

Puc. 7 — Cuenapuli myHHenuposaHusi Q-SIG no nponpuemapHot IP-cemu ¢ SIP 6 PATN
BoopyxeHHbix Cunax Pecrniybnuku Cepbus (Svrzic, 2019; Svrzi¢ et al, 2019a)
Cnuka 7 — CuyeHapuo myHenosarba Q-SIG npeko enacHu4ke IP mpexe ca SIP y lMATiMp
BC (Svrzi¢, 2019; Svrzic¢ et al, 2019a)
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The realized solution has achieved that, in the PATN SAF, in terms
of transmission of basic and additional user services and all network
services (as well as special Mitel "proprietary” services), there are no
restrictions in terms of either compatibility of Inbound and Outbound
Gateways or Q -SIG capabilities and equivalents of the SIP IP network,
and there is no loss of parts of Q-SIG in the presented scenario of
network "end-to-end" connection. Namely, for Q-SIG tunneling within the
SIP, the necessary inter-PINX TCP connection between two Media
Gateways from the transit IP PINX with TKC2 and TKC3 is provided via
the proprietary IP network. Then the tunnel, provided by the SIP for the
transmission of signaling Q-SIG messages via the TCP, acts as a Dq
signaling channel. At the same time, within the SIP established, UDP
media streams function as Uq-channels for the transmission of user
information (voice, modem information, fax per t.38, data and system
messages). (Svrzi¢, 2019; Svrzi¢ et al, 2019a; Svrzi¢ et al, 2021 — Figure
8).

On the newly established 30-channel SIP transmission beam, the
external group protection of information (ZI) was realized regarding
tunnel-transmitted signaling criteria from the Q-SIG framework, as well as
all user information transmitted through media streams. For this purpose,
two types of devices for group crypto protection (GCP) of transmitted
information were used:

1) For IP/SIP packet transmission, at the level of 10/100 Mb/s Base-
Tx Ethernet which are mounted on both sides of the transmission SIP
beam, i.e. of TKC2 and TKC3, and

2) For 2 Mb/s E1 transmission of voice circuits which are mounted
on both sides of the transmission ISDN beams, i.e. on TKC1-TKC2 and
TKC3-TKCA4.

In this way, the necessary continuity of professional information
protection was achieved along the entire connection path from the ISDN
PINX "380-xxx" with TKC1, through the transit IP PINX "370-xxx" and
"360-xxx" with TKC2 and TKC3, to ISDN PINX " 350-xxx "with TKC4.

The presented transmission network transmission systems (IVN) are
IRITEL's Optical Digital Transmission Systems type ODS 2.5 Gb/s, for
operation via optical media with applied SDH technology and digital
transmission hierarchy. On the participant side, they are configured
according to the principle of flexible multiplexers, based on the specific
needs of users for capacities of 2 Mb/s E1 and 10/100 Mb/s Base-Tx
Ethernet connecting paths, of each of TKC where they are mounted (for
connecting telephone exchanges and others functions). As it can be seen
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from Figure 7, the capacity of 100 Mbit/s Base-Tx Ethernet ports was
used to interconnect the transit IP PINX, with ODS 2.5 Gb/s, while the
capacities of E1 ports 2 Mb/s were used to connect the ISDN PINX.
(Svrzi¢, 2019; Svrzi¢ et al, 2019a)

Implementation of the parameters for jitter impact
reduction and echo cancellation

During the testing of the implemented solution in the PATN SAF, it
was noticed that there were no major problems with the set "RO" and
"sip_route" parameters, i.e. that

they are professionally set up and that they generally form a realistic
backbone for the successful implementation of communications through
the network as a whole. The second situation arose with the appearance
of jitter on the processions of the RTP packets and echo on the VolP
communication channels, which appeared in the network from the very
beginning, so activities had to be taken to reduce the impact of jitter and
suppress echoes in order to maintain the quality of audio speech
transmission (Svrzi¢, 2019; Svrzi¢ et al, 2019a; Svrzi¢ et al, 2019b).

There are three basic components on the MGU2 (Media Gateway
Unit) boards of the implemented Media Gateways of both transit IP PINX
type MX-ONE Service Node 6.0:

« TDM Switch, with a switching matrix type T-S-T (Time-Space-
Time) 2048 x 64 kb/s,

* Ethernet (Layer 2) LAN, with two 10/100/1000 Base-Tx
connections, and

* Media Stream Processor (MSP) for VolP phone applications and
DSP oriented functions, related to the MGU2 (such as VolP, T.38 and
DTMF receivers).

This allows Ethernet signaling packets, such as Non-RTP (say from
the TCP), to be routed to the DP (Device Processor) via Switch Layer 2,
while Ethernet packets to VolP, such as the RTP, are routed to the same
DP in the Media Steam Processor. (Svrzi¢, 2019; Mitel Sweden AB,
2017).

On the newly established SIP route between the transit IP PINX (on
TKC2 and TKC3), with the TCP protocols for signaling and UDP/RTP for
media streams, the network operation was tested in terms of checking
the quality of realized VolP channels, primarily in terms of real presence
of jitter on the RTP packets, as well as echoes in speech transmission.
The essence was to check, for the first time applied (found), the
compromise values of the relevant parameters for reducing the impact of
jitter and suppressing the existing echo. Due to the fact that in a given
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situation, "circuit-switched" calls can sometimes pass through certain
VoIP channels (e.g. between two analog phones via two different
Gateweys), which then leads to a new delay of about 100 ms, this also
had to be taken into account during the testing. (Svrzi¢, 2019; Svrzi¢ et
al, 2019b)

Reducing the impact of jitter

The fact is that the RTP packets, transmitted over the IP network,
can realistically have random variations of delay, can arrive out of order,
and can be ejected from the procession (in case of excessive delay),
which significantly reduces the quality of audio signals. To mitigate this
negative impact, a JB (Jitter Buffer) circuit, installed on the MGU2 board,
is used. In essence, improving the quality of the audio signal via the JB
circuit can only be achieved by applying increased RTP packet delays,
which then (when transmitting speech, and especially in combination with
the echo at the far end) makes the echo more noticeable and disturbing.
"Ad-hock" attempts to minimize this delay in noticeable echo situations
can directly affect the degradation of speech quality (e.g. a situation with
dropped packets can have a negative impact on the echo transmitter).

In terms of the necessary adaptation of the participating IP PINX to
the established jitter in the PATN SAF, the administration of their MGU2
boards was realized with the use of the configuration parameters specially
intended for adjusting the JB circuit to real network conditions. The JB
circuit can be configured to operate in “adaptive” or “non-adaptive mode”,
whereby its configuration is realized on one MGU2 board and affects all
VolIP calls in it, including inter-GW media over the IP. (Mitel Sweden AB,
2017). It turned out that the parametric configuration of the JB on the
MGU2 of each of the participating IP PINX had to be a compromise
between the required audio signal quality and the real increase in delay.
By default for "typical networks", the JB in the MGU2 is set to work in the
adaptive mode with pre-set, default parameter values in order to preserve
the quality of the audio signal in relation to minimizing delays.

However, for those networks that are very sensitive to signal delay,
where the desired audio quality must be achieved by adjustment, and/or in
the case of a very good network, reconfiguration must be considered, i.e.
changing the default values of individual JB circuit parameters, which was
also the case in the PATN SAF. Achieved in testing and acceptable in
practice, the values of parameters for reducing the impact of jitter on RTP
packets in the subject part of the PATN SAF, i.e. in the Core network,
through which the prescribed quality of speech through VolP was achieved,
are shown in the table in Figure 8 (Svrzi¢, 2019; Svrzi¢ et al, 2019b).
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PARAMETAR VREDNOST DEFINICIJA | OBJASNJENJE

ConfortNoiseGeneration Parametar is not used = 0.

Controls the speed at wtich the jitter buffer can adapt
downwards when current network conditions allow. Default
is 10 s, which can be set lower for good networks.

Postavili smo vrednost 10.000 ms.

JB_adaptionPeriod | 1000-65535 ms

Initial delay jitter buffer. Default is 0 ms.

IB-dEIay Init 0-200ms Postavili smo vrednost 0 ms.

Controls maximum size of jitter buffer. Default is 200 ms. If
,Hardmode” is selected this is the maximum size jitter buffer
can Grow. If ,Softmode"” then deletion occurs at
,JB_deletionThreshold”, Postavili smo vrednost 200 ms.

JB_delayMax 0-200ms

Controls minimum size of jitter buffer. Default is 0 ms.
Postavili smo vrednost 0 ms.

JB_delayMin 0-200ms

0 = Softmode (audio quality focus, default).
1 = Hardmode (delay focus).
Postavili smo vrednost 0.

0-1
(boolean)

JB_deletionMode

RTP PARAMETRI

Packets exceeding deletion Threshold are deleted. Default is
500 ms.
Postavili smo vrednost od 500 ms.

delay Max 500
ms

JB_deletion Threshold

PacketLossThreshold Parametar is not used = 0.

Control VAD threshold to improve bandwidth (low value) or
Improve voice quality (high value). Too low value might give
Nudesirable impact on voice quality. It is recommended to
set at least 1 (default). Postavili smo vrednost 1.

VADTune 0-4

VLAN ID for RTP packets (0 disables VLAN tagging).
Postavili smo vrednost 0.

VLANTagValue 0-4095

Note: Setting delayMin = delayMax = dalaylnit makes jitter buffer non-adaptive.

Figure 8 — Set parameters and their values to reduce the impact of jitter on RTP packets
(Svrzi¢, 2019; Svrzic et al, 2019b)
Puc. 8 — YcmaHoerneHHble napamMmemps! U UX 3Ha4eHUs1 07151 CHUXEHUS 8ITUSIHUS
Okummepa Ha nakemsi RTP (Svrzic, 2019; Svrzic et al, 2019b)
Cnuka 8 — lNocmaerbeHu napamemapu U luxose 8pedHoCcmu 3a CMarkere ymuuyaja
yumepa Ha RTP nakemuma (Svrzi¢, 2019; Svrzic¢ et al, 2019b)

During the testing, some experiences related to the "fight" against
jitter were gained. Namely, the JB circuit is primarily intended for the
adaptation of the MGUZ2 to the negative effects caused by the IP network
itself, but it should always be borne in mind that VolP endpoints (IP
phones, gateways, IP proxies, etc.) are also parts of the network that can
cause such influences.
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Soft SIP clients without a dedicated HW timeslot number (e.g. Digital
Signal Processor) in VolP media will have significantly more jitter in
outgoing RTP packets than it is the case with HW (Mitel Sweden AB,
2017). This can then cause an increase in the time buffer in the JB, thus
further increasing the total delay present. Therefore, in these and similar
network scenarios, the delay over the MGU2 may be longer than
expected, which should certainly be taken into account in further practice.
(Svrzi¢, 2019; Svrzic et al, 2019b)

Echo suppression

The EC (Echo Canceler) is an integrated circuit on the MGU2 board
designed to suppress the echo for calls over the IP-IP network with
packet switching (VolP). On the part of the circuit-switched network, echo
is created when a part of the packet network transmitting signal is
mapped to the return signal, i.e. the packet network receiving signal.

Echo is usually caused by reflections at the transitions from 2-wire to
4-wire transmission media (on the part of the circuit-switched network),
but there is also acoustic echo in telephones. This then means that, in a
real network, the EC setting must also be performed as a compromise.
Namely, in VolIP calls, the occurrence of echo, in combination with delays
caused by the IP network, is more disturbing than the echo in the TDM
network with circuit switching, in which it may happen that there is no
signal delay at all. In fact, on the packet-switched network side, the user
perceives echo as the sum of echoes: from the source + from the
suppression operation + from the packet network delays (includes:
delays in Media Gateways during encoding/decoding and in the JB);
delay in the transport part of the network during switching and in routers;
delay at endpoints when encoding/decoding and in the JB). (Mitel
Sweden AB, 2017; Svrzi¢, 2019; Svrzi¢ et al, 2019b)

The MGU2 board, implemented in the IP PINX PATN SAF, supports
two types of EC for VolP Gateway calls: Standard EC and Dual Filter EC
(DFEC). Care should be taken when choosing the type of echo
suppressors and their settings, because in addition to affecting all VolP
calls established via this MGU2 board (including inter-GW media over the
IP), they also have a large impact on the load of the MSP (Media Steam
Processor). Of course, changing the EC type will immediately trigger a
restart of the MCA (Media Control Application) as well as the MSP. The
EC circuit also includes a NLP (Non-Linear Processor), i.e. a sub-
function that is able to "handle" the nonlinear part of the residual echo,
and which the linear EC filter from the circuit cannot cancel. By default,
the NLP is "disabled" during setup and is recommended to be "enabled"
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only when necessary. When the NLP is "enabled" and switched on, it
generates CN (Comfort Noise) to the IP network. However, if for any
reason it is not desirable, CN Generating can also be discontinued to
produce silence (Mitel Sweden AB, 2017).

With the selected "Standard EC", the length of the "Echo tail* can be
adjusted from 8 to 128 ms, in steps of 8 ms, while the filter window is
fixed at 24 ms. The advantage of "Sparse EC" is MIPS savings that
correspond to higher channel density. "Standard EC" can be improved by
"enabling EPCD (Echo Path Change Detection)", which then improves
the adaptation of the filter window position. Setting up the EPCD will
cause the MCA (Media Control Application) to be restarted (Mitel
Sweden AB, 2017).

With the selected "DFEC (Dual-Filter EC)" the length of the "Echo
tail' can also be set from 8 to 128 ms, in steps of 8 ms, with the
advantages of its application: avoidance of increased echo levels caused
by filter divergence during bidirectional conversations and robust and fast
detection of echo path changes. The main disadvantage is that DFEC
reduces the density of DSP channels. (Mitel Sweden AB, 2017).

During the testing, all the mentioned conditions were taken into
account, so through several iterations, a configuration of parameters
acceptable for practice was reached and their values are shown in the
table in Figure 9 (Svrzi¢, 2019; Svrzi¢ et al, 2019b).

The experience gained shows that the following practical procedures
are recommended for suppressing disturbing echo network VolP traffic in
the PATN SAF:

1. The EC must be switched on thus enabling the Echo suppression
function. The path of the media on which the transition from the IP to the
TDM takes place (in the Media Gateway where calls are routed to/from
the public ISDN trunk) is interesting. The “ClearChannel” parameter (i.e.
ClearMode) must not be enabled, as this type of codec is not used for
RTP. The RTP mode requires that the EC is always on.

2. The NLP (Non Linear EC Processor) function must be enabled, as
it eliminates nonlinear residual echo which cannot be solved by a linear
plate filter.

3. The "Dual-Filter EC" algorithm must be included, as it significantly
improves echo suppression, but with caution, as DFE may have some
negative impact on the capacity of the MGUZ2.

4. If, after (re) configuration, echo reappears, you should check
whether the new parameter configuration is fixed. For example: whether
the parameters for "reload" are marked in the PINX itself, and whether a
"back-up" of data has been made.
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controlled indirectly by CNG
settings) ="true”

Name Value range Description EC type

EC_ECType 0.1 Select Echo Canceller type
0=Standard Echo Canceller
(STD) STD
1=Dual-Filter Echo Canceller
(DFE)

EC_DFECFilterSize 8..128ms (in step | Filter length for DFEC=64ms | DFE

of 8 ms)

EC_DFECMinErl DFEC Minimum ERL setting | DFE
(do not change) =20675

EC_DFECAttenuattion DFEC Rx output digital gain | DFE
(do not change) =0

EC_ECCrossCorrelationCalculation Not used

EC_EchoPathChange false”/“true” false“=Disable EPCD STD
“true“=Enable EPCD

EC_ErlChangeDetection Not used

EC_FastConvergenceControl false”/“true” Accelerates filter STD
convergence for long
filters=,false”

EC_ECWindowsSize 24 ms EC windows size for STD
standard EC=24ms

EC_NLPControl false“/“true” false“=Disable EPCD STD
“true“=Enable EPCD

EC_ELPTune 0.2 Not used STD

EC_ECTailLenght 8..128ms (in step | Filter length for STD STD

of 8 ms) EC=64ms

EC_EchoCancellerEnable Not used

EC_CNGEnable false”/“true” CNGEnable ="true” STD

SilenceToPCMinterface Jfalse/“true” Not used (parameter is

densities.

Note: The column tells for which EC type the parameter is valid.
Note: Changing EC parameters for default values might lower VoIP channel and other DSP resource

Figure 9 — Adjusted parameters for echo cancellation on VolP channels (TDO MO)

(Svrzi¢, 2019; Svrzic et al, 2019b)

Puc. 9 — CkoppekmupoeaHHble napamempbl 01151 aIxornodaeneHusi Ha kaHanax VolP (TDO

MO) (Svrzi¢, 2019; Svrzic et al, 2019b)

Cnuka 9 — lNodeweHu napamempu 3a nomuckusare exa Ha VoIP kaHanuma (TDO MO)

(Svrzi¢, 2019; Svrzic et al, 2019b)
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5. When, in practice, the echo duration is longer than the default
value of 64 ms, the set EC cannot cancel it, so the default EC setting
must be changed and adjusted to the actual echo duration. The duration
of echo is the time that elapses from the moment when the speaker
(medium) from the IP side sends a signal to the TDM side of the network
to the moment when a part of that signal is returned (from the TDM
network) to the speaker on the IP side (of course, attenuated). Changes
to this parameter are made in steps of 8 ms, up to a maximum value of
128 ms.

6. If the duration is 64 ms <Echo <128 ms, then the appropriate
length of the filter window can be set in the EC. Since the usual echo
length is less than 10 ms, the length of the filter window should be set to
24 ms. However, in exceptional situations, the duration of echo can be
much longer, so this should be taken into account. Inadequately set
duration of the filter window can have a certain negative impact on the
capacity of the MGU2. (Svrzi¢, 2019; Svrzi¢ et al, 2019b)

Conclusion

In the PATN SAF, the applied tunneling procedure for the
transmission of encapsulated messages from Q-SIG, defined by the
global ECMA-355 Standard, enabled calling between PINX, i.e. "islands"
within PISN parts with circuit-switched circuits that use Q-signaling,
although they are interconnected, in one part, by the transport IP network
(which uses the SIP). At the same time, without any loss of Q-SIG
functionality, the connection of participants with the specified end PINX is
realized, by transiting through the IP PINX type Mitel MX-ONE Service
Node 6.0, which are interconnected by Core network. This then
concretely means that through the heterogeneous

Telecommunication-information Network of the Serbian Armed
Forces, according to the type of connection "from end to end", all basic
and additional participation services and network functions of the ISDN
are successfully transmitted.

The realized solution, through the Intranet SAF, logically connected
the mentioned transit IP PINX, i.e. helped establishing their mutual
communication known as an Inter-PINX link, which contains a signal
channel, known as a Dqg-channel, and one or more channels for user
information, known as Uq channels. Through the IPL, Mitel's IP PINX
MX-ONE Service Node 6.0 successfully realizes one required TCP
connection to support the Dqg-channel and one pair of UDP media
streams to support the Uqg-channels, thanks to the use of mapping
functions that take place in accordance with the global ECMA-336
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Standard. Within the TCP connection, these IP PINXs transmit the
encapsulated Q-SIG messages and Resource Control Information, which
are necessary for the establishment of UDP streams, together on the DqQ
channel.

The applied solution for tunneling Q-signaling via the transit IP PINX,
through the organization of the SIP transmission beam through its own IP
network (Intranet SAF) on the Core part of the Automatic Telephone
Network SAF, represents a novelty in the organization and operation of
the PTN SAF. In this way, the service life of the Q-SIG type network
signaling system, proven in practice, has been extended in the PATN
SAF. By tunneling Q-SIG and transmitting without degradation through
the mentioned IP network with the SIP (encapsulation of Q-SIG
messages into SIP dialogue messages), it was achieved that the PATN
SAF does not violate the previously built PISN status, also in parts where
its TDM/ISDN parts connect to IP Proxy. In addition, monitoring the
operation in the network helped in gaining necessary experience related
to quality software preparation and to defining traffic parameters of the
SIP route as well as to the application of the necessary procedures to
reduce the impact of jitter and suppress echoes, with a view to raising the
quality of VolP communications in the network. Equally important is the
practical knowledge acquired during the physical realization of
completing, connecting, adapting and adjusting the necessary
participating hardware equipment (for switching, IP transmission, IP
Switching, group cryptosecurity on IP and TDM trunks) and using its
elements and details, which will, together with the knowledge acquired in
the preparation of software and the selection of the traffic parameters of
the SIP route, as well as in "fights" with jitter and echo, be applied to
some of future TKC SAF, following the growth rate of the Core network.

In addition to the above, in the PATN SAF, the new solution with the
use of the IP network to connect the IP PINX using the Q-SIG tunneling
procedures opens a whole range of other modern possibilities that will,
with the undoubted growth of the Core network, contribute to the creation
of a wide territorial platform and the implementation of multi-timed
communications in real time, thus leading to the transition to UC (Unifed
Communications).
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MEPEOAYA Q-CUTHANTMSALMM METOOOM TYHHENMPOBAHUA B
ABTOMATUYECKOW TENNE®OHHOW CETU MHTErPUPOBAHHbIX
CNY>KBb BOOPYXEHHbIX CAIN PECIMYBNNKU CEPBUA

Cnadxax M. Cspany?, FOnusH K. BosiHos®

2 000 “Tecna cuctemun®, r. benrpag, Pecnybnuka Cepbusi, koppecnoHaeHT
6 «SoftServe», r. Codomsi, Pecnybnuka Bonrapusi

PYBPUKA T'PHTW: 49.00.00 CBA3b:
49.33.00 CeTu v y3nbl CBA3M;
49.33.29 CeTun cBA3MN

BWO CTATbW: 0630pHas ctatbs

Pesrome:

BeedeHue/uenb: lLlenb  OaHHOU  cmambu  3akno4aemcsi 8
yrnopsidodeHuu npakmuyeckozo rpumeHeHuss Cmarndapmos ECMA-355 u
ECMA-336 myHHenuposaHusi Q-SIG u peanusauyuu  hyHKYUU
MaruposaHusi yepes cyuwecmsyrowyro cems IP (MHmepHem-rnpomokor)
BoopyxeHHbix cun Pecniybnuku Cepbus (MHmpaHem SAF) e YacmHol
asmomamudeckol menegorHHol cemu SAF (PATN SAF), komopas
sAensslemcsi  OCHoeHolU  yacmblo YacmHolU — merneKoMMyHUKaUUOHHO-
UHgbopmayuoHHoU cemu uHmeapuposaHHbix ycrye BC (PISN SAF).

Memodbi: OnucaHue 8HEOPEeHHO20 peweHUs1 U aHanu3 npoepamMmMHbIX
napamMempos ycmaHoe/leHHo20 Mapuwpyma nepedadu SIP, ¢
npedcmassieHUeM  pe3ysbmamos,  [O/Iy4eHHbIX 8  rpouyecce
npedomepauw,eHuss OXummepa u sxornadasfieHus 8 cemul.

Pesynbmamsbi: C nomMowbro 0aHHO20 peweHuUss ydacmHukam U3
nepugpepuliHbix 4yacmel PISN SAF, komopbie pabomarom o
npuHyuny nepedayu U KoMMymauuu KaHamnoge ¢ romouwbito TDM
(MynbmunnekcupogaHue ¢ epeMeHHbIM pa3derieHueM), obecriedeHa
cesi3b Opya ¢ OpyeoMm 4Yepe3 Ho80CO30aHHYy ueHmparnbsHy IP-cemsb
SAF (OnopHasi cems), komopasi pabomaem no npuHyuny nepedayu u
kommymauyuu nakemos ¢ SIP (lpomokon ycmaHoeneHusi ceaHca), 6e3
nomepu  yHKyuoHansHocmu  Q-SIG & pamkax  yugpposol
meneKkoMMYHUKaUUOHHOU cemu UHmeapupoeaHHbix ycrye ISDN
(MlhHmeapupoeaHHbIe ycryau yugposol cemu).
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Bbigodbl: B cmambe paccmampusaromcesi 0cobeHHocmu co8peMeHHOoU
cemu IP PINX (HacmHasi cemb ¢ uHmeepauuel ycrye) npouzeodcmea
Mitel, mun MX-ONE Service Node 6.0, komopass eHedpeHa Ha
mpaHsumHom yposHe PATN SAF u ycriewHo ocywecmensem
npouecc myHHenupoesaHuss Q-SIG uepe3 IP-cemb u HeobxolOumbie
yHkyuu  0nsa  MmanupoeaHuss — nepedadyu  MyHHeUpPO8aHHbIX
coobuweHuli Q-SIG u marnuposaHusi z2onocoeol (u Opyeol ayduo)
uHgpopmayuu 6 meduanomoku VoIP (lNepedaya eonoca no IP) no
OaHHOU cemu. Takxe npusedeHbl OCHOBHbIE 3rieMeHmMbl Ors ee
rpozpaMmHoU MoO20moeKU 80 8peMsi 8HEOPEHUS HOB020 Mapuwipyma
SIP ¢ nponyckHoli criocobHocmbio 30 IP-masucmpanel 8 nydve
nepedayu, peanu3o8aHHOM cO ckopocmbio VMIHmepHema 100 M6/c-T,
u onucaHbl Memodbl axornodassieHuUs U ycmpaHeHus Oxummepa. B
3aKnYeHuu cmambu npedcmaesneHsbl 9KCrepuUMeHmMarsbHO
rorly4yeHHble 3Ha4YeHus napamempos O7si YMEHbWEHUs] 6/UsSHUS
oxxummepa u 3xornodasneHus.

Kntouesbie cnosa: PATN SAF, Q-SIG, PISN, IP PINX, MX-ONE,
meduacepsep, myHHenuposaHue Q-SIG, uHKancynauyus, yHKUuU
MaruposaHus, 0XKummep, 3XO0.

MNPEHOC Q-CUTHANTNM3AUWJE NMOCTYTKOM TYHEJIOBAHA Y
AYTOMATCKOJ TEJIE®OHCKOJ MPEXWN MHTETPUCAHNX
CEPBWNCA BOJCKE CPBUNJE

Crniahan M. Cepanh?, JynujaH K. BojaHoB®

@ Tecna cuctemu a.0.0., beorpaa, Peny6nuka Cpbuja, ayTop 3a npenucky
6 SoftServe”, Coduja, Penybnuka Byrapcka

OBJACT: TenekomMyHukauuje
BPCTA YJIAHKA: nperneagHu pag,

Caxxemak:

Yeod/yure: Lure ooz pada je Oa ce cneyudpuyupa npakmudHa
npumeHa CmaHdapda ECMA-355 u ECMA-336 3a myHenoesawe Q-
SIG u peanusauujy yHKUyuja manupara, npeko mnocmojehe IP
(Internet  Protocol) mpexe Bojcke Cpbuje (MHmpaHem BC), y
npusamHoj aymomamckoj menegpoHckoj mpexu BC (MATaMp BC),
Koja YuHu enasHu 0eo0  fpusamHe  MesIeKOMYHUKaUUOHO-
UHgbopmayuoHe Mpexe uHmeepucaHux ycrnyea BC (IMUCH BC).
Memode: OnucaHo je umnnemMeHmupaHo peuwlere U aHanusupaHu
cogbmeepcku napamempu ycriocmaerbeHe rpeHocHu4ke SIP pyme, ca
npukasom pesynmama 0obujeHux y 6opbu ca yumepom (Jitter) u exom
(Echo) y mpexu.

Pesynmamu: lNpuka3aHum pewereM rnocmueHymo je 0a y4ecHUyU ca
pybHux denosa NNCH BC, Koju ¢byHKUUOHUWY Ha MPpUHYuUy rpeHoca
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u komymauuje kosia rno TDM (Time Division Multiplexing), moey
mefycobHO ocmeapumu 8e3y U [PEeKO HOB80YCroCmMas/beHe
ueHmpanHe IP mpexe BC (Core mpexa), Koja ¢hyHKUUOHUWE Ha
npuHyuny npeHoca u Komymauuje nakema ca SIP (Session Initiation
Protocol), a 6e3 eybumka yHkyuoHanHocmu Q-SIG u3 oksupa
QuaumariHe mesieKOMyHUKayUoHe Mpexe UHmeepucaHux cepsuca
ISDN (Integrated Services Digital Network).

3akmbyyak: AHanusupaHa je caspemeHa IP PINX (Private Integrated
Services Network Exchange) npouseohauya Mitel, muna ,MX-ONE
Service Node 6.0, koja je umnnemeHmupaHa Ha mpaH3umHOM HUBOY
MATnMp BC. Ona ycnewHo peanusyje kako nocmynak myHesoeama
Q-SIG kpo3 IP mpexy, mako u HeonxoOHe yHKUuje 3a manupare
npeHoca myHenogaHux nopyka Q-SIG u manupare 2080pHUX (U
Opyaux ayduo) uHgpopmayuja Ha meduja mokose VolP (Voice over IP)
KOMyHUKayuje Kpo3 my Mpexy. Takohe, Haeode ce OCHOBHU
efleMeHmu 3a HeHy coghmeepcKy npurnpemy rnpu yeoherwy Hoge SIP
pyme, kKanayumema 30 IP mpaHkoga Yy PEeHOCHUYKOM CHOIy
peanuszosaHom 100 Mb/s-T Ethernet-om, me onucyje 6opba ca
npucymdum Jitter-om u Echo-om y mpexu. Ha Kpajy ce npeseHmyjy u
UCKycmeeHo nocmuzgHyme 8pedHOCmuU rapamemapa 3a CMakeHe
ymuuaja yumepa u nomuckKugame exa.

KreyyuHe peyu: MATnaMp BC, Q-SIG, PISN, IP PINX, MX-ONE, meduja
eejmeej, Mmeduja cepsep, myHenosare Q-SIG, eHkaricynauuja,
Manupare pyHKYuja, yumep, exo.
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CABPEMEHO HAOPY>XXAHE N BOJHA OMNPEMA
COBPEMEHHOE BOOPY>XEHVE 1 BOEHHOE OBOPYJOBAHVE
MODERN WEAPONS AND MILITARY EQUIPMENT

OcHoBHU 6opbeHn TeHk T-80BVM ynasn y onepaTtnBHy
ynoTpeby Ha ApKTuky?

Pycku meHk T-72B3M Ha npobu riped napady 3a [aH nobede 2017. 2o0uHe Bude ce

Kymuje peakmuegHoe okrona 4524 oko Kynorne, kao u do0amHe 3awmumHe 3asecuue ca
cmpaHe meHka.

o o ——

Tenk T-80BVM passuna je komnaHnuja ,Omsktransmash” kao
MoAepHusauujy pyckux TeHkoBa T-80B wn T-80BV «koju npencraBrbajy
HajMoaepHuje Bep3uje cepuje T-80.

TeHkoBu T-80 Hamasunu cy ce, o BpeMeHa xnagHor paTta, Y HeKOMNuko
PYCKUX OKMOMHUX jeAunHMLa , @ HOBU KOPUCHULUM MOAepHu3oBaHe Bep3unje T-
80BVM 6uhe ocampgeceTa 1 ABecToTa MOTOopu3oBaHa bpuraga Koje ce Hanase y
obnactn MypmaHck, a genosahe y apkTU4koM pernoHy.

YroBop 3a MogepHusauuvjy 62 TeHka Koju he OuUTMMOOEpPHW3OBaHU Ha
ctangapa T-80BVM notnucad je 2017. rogmHe. Oudekyje ce ga he 6utu
notpebHo 124 TeHka 3a onpemate ABe MoTopusoBaHe bpurage.

1 Janes international july 2020

207

Vuckovié, D., SAVREMENO NAORUZANIE | VOINA OPREMA / MODERN WEAPONS AND MILITARY EQUIPMENT, pp.207-216


file:///C:/Users/INT-VTG-03/Downloads/imageGalleryHref_167541

VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2022, Vol. 70, Issue 1

ModepHu3osaHa eep3uja meHka T-80, 6e3 60YHUX 3aWMUMHUX 3agecuya, Ucropy4yeHa
je Hosum mMomopu308aHUM bpuzadama.

Tenk T-80 npegsuheH je 3a onepaTtuBHy ynoTpeby Ha ApKTuKy
npBeHCTBEHO 300r cBoje racHe TypbuHe. Hawvme, y €eKCTpPeMHO xnagHuM
ycnoBuma racHa TypbuHa TeHka T-80BVM craptyje 3a 52 cekyHge, OOK je
06nyHOM Aausen moTopy noTpebHo yak 45 MuHyTa.

Oo capa cy suheHe Tpu Bep3uje ctaHgapga T-80BVM. [lNpea Bepsuja
npukasaHa je y Jlyru Tokom JaHa TeHkucta 2017. roguHe, Kao 1 Ha Bexbama
»3anag 2017”. Opg ocTtanux Bep3uvja pasnukyje ce no eKCrnrno3nBHO-pPeaKTMBHOM
okrony, ca kacetama 2S42 Relikt Ha 6o4HMM cTpaHama kynone. OBa Bep3uja
Hocw HasmB T-80BVM (2017).

[pyra Bep3uja npukasaHa je y Bnagneoctoky TOKOM npunpema 3a napagy
nosogom [aHa nobene, maja 2018. rogmHe.llpeTnocTtaBba ce 4a je HameweHa
MopHapwuykoj newaguju. OBa Bep3nja Hema H6oyHe 3awTuTHe 3aBecuue Beh je
onpemsbeHa ca Tpy Makbe 3aWTuUTHE nNnoye Ha GOYHMM CTpaHama TeHka, bnuxke
npeawem geny. Hberosa 3BaHW4YHa o3Haka Huje T-80BVM Beh T-80BV(2018),
jep je MogepHM30BaH HEKUM HOBWM MOACUCTEMMMAUN 3HATHO je jeddTUHMjU of
Bep3uvje T-80BVM. KoHauHa Bep3uja nma o3Haky T-80BVM (2019) n npukasHa je
oktobpa 2019. roguHe. OBaj TeHK Moryhe je npeno3HaTh No M3ocTaHKy GriokoBa
€KCMNo3MBHOPEAaKTUBHOT OKIomna ca CTpaHe Kynona.

MpetnocTtaBrea ce ga cy Bep3nje 2018 mn 2019 ywne y onepaTuBHy
ynotpeby, ook Bepaunja 2017 Huje. Pasnor je, moxaa, ckyrna gogatHa 3awTuta
Kynorie Koja Huje ucnnaTtusa 3a CepujcKy NpOn3BOAHY.
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lNpouereHe criocobHocmu

Tenk T-80BVM (2019) 3HauajHO je yHanpeheH y ogHocy Ha cepuje T-
80B/BV. Maca TeHka je noBehaHa ca 43,7 ToHa konuko je 6mo Texak mogen T-
80BV Ha 46 ToHa. [loBehawe Mace TeHka 3axTeBano je u nosehawe cHare
moTopa GTD-1000TF, 1100 KC koja ce Hana3un Ha mogeny T-80B/BV.

bouHe 3asecuue Ha meHKy 72B3M.

TeHk T-80BVM je onpemrbeH HoBuM mMoTopom GTD-1250TF koju passuja
cHary go 1250 KC. HoBu moTop 06e3befyje n mary NoTpolmy ropusa y
ogHocy Ha GTD-1000TF, HapouuTo kaga MoTop paau Ha nepy. [MosehaHa
edmkacHoCcT MoTopa omoryhaea makcumanaH pagujyc gejctea oo 500 km, WTO
je 3HaTHO Buwe of 335 kM kojy moctuxe Bep3uja T-80B/BV. MohHuju moTop
omoryhaea TeHky T-80BVM 1 6orbu ogHoc of 27,17 KC/T y ogHocy Ha 25,17
KC/T npeTxogHe Bep3auje.

MakcumanHa 6p3vHa Huje noTBpheHa, anu je pPycko MUHWCTapcTBO
oabpaHe HaBeno ga je makcumarnHa 6pauHa TeHka 70 km/4. TeneBusmjcku kaHan
~3Be34a” NpuKasano je CHMMak TeHKa KOju JOoCTke Op3vHy of 77 KMm/4 Ha cTasu
NPEKpPMBEHO] CHEroM, LUTO HaBOAM Ha 3akrbydak Aa 6w 6p3avHa Ha nyTy morna
6uTn jow Beha.

Mo nuTawy 3awTute, TeHk T-80BVM je onpemrbeH nakeTtoM akTUBHO
eKcnnosmBHo-peakTmBHor oknona Relikt koju je 3ameHno okron Tuna Kontakt-1
ca TeHka T-80BV. Hucy goctynHe npeumnsHe kapaktepucTuke oknona tuna 4S23
Relikt, ann ce npetnoctaBfba Aa je HaMeweH 3aWwTUTU MPOTUB TaHAEM
BMCOKOEKMNNo3nBHe BojeBe rnaee, koja moxe Aa npobuje go 1.000 mm BarbaHor
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XOMOreHor Okfiona, Kao M 3aWTuTU nNpoTUB noTkannbapHux npojekTuna
(APFSDS) HameneHux npobojy Ao 800 MM BarbaHOr XOMOreHor oksiona.

Ykonuko 6u ce oBu nopaum gdpyradvje npukasanu, Relikt ymamyje
neHeTpauujy KymynaTtmsHe/BncokoekcnnosmsHe 6ojese rnmase 0o 90% u oo 50%
npobojHocT nokanubapHor npjektuna Tvna APFSDS. EkcnnosvBHO-peakTuBHU
oknon (EPQO) Relikt pacnopeheH je oko u nsHag kynone, a Ha GO4YHOj CTpaHU
BO3Mna Hanase ce 3alITUTHE 3aBecule y Kojuma cy Lienosu ca nnoyama EPO
Tvna 4S24.

CwmaTpa ce ga npu ynotpedu 6o4Hux enoea ca EPO HuBO 3awtute pacte
OBOCTPYKO ¢ 063MpoM Ha To ga Hagonasehu npojekTunu mopajy npobuTtn aea
cnoja EPO. 3agwe cTpaHe Lwwacvje M Kynone wmory OutM onpemrbeHe
pelleTKkacTUM OKITONOM paau 3aliTuTe oA pydHuMx Oauada Tuna PG-7V unu
CNUYHNX OpYyXja.

Tenk T-80BVM je onpemrbeH u paguo-ypehajem R-168-25Y-2 VHF wu
WHTEPHUM KOMYHMKaLMOHMM cucTtemoMm. Paguo-cuctem npunaga cagallihsoj
reHepaumju n3 nopoamue R-168 Akveduk ymecTto ns nopogvue R-187 Azart koju
cy codpTBepckm aedmHmucann. Pycuja je ognydmna ga Kopuctu ctapujy paguo-
cuctem y TeHky T-80BVM, BepoBaTHO paan ymMawewa TpOLUKOBa, anuv
nocTteneHo yesoau paguo-cucteme wu3 nopoguue R-187 Azart 36or 6orber
yMpexera 1 OTNOPHOCTU Ha OMEeTame.

TeHk T-80BVM onpeMsbeH je tonom 125 mm 2A46M-4 Koju npeacrtasiba
mMoaepHusoBaH Ton 2A46M-1 uctor kanubpa koju ce KOPUCTUO Ha CTapujum
cepvjama T-80. U3 komnaHuje ,Uralvagonzavod” (UVZ) objawraBajy ga ce
yHarnpehewa HoBOr TOona ofHoce Ha noBehaHy YBPCTMHY W NPELM3HOCT.
Mpoussohau TBpAU Aa je gowno o nosehawa npeumsHocT 3a 20%, kao u
nosehaka NPeuM3HOCTV TOKOM Ucnarbewa y nokpeTty 3a 1,7 nyta y ogHOCy Ha
Ton 2A46M-1. MefhyTum, No pacrnonoXxusMMm CHAMUMMa BUAM Ce Aa Tomn Huje
onpemrbeH peepeHTHUM CUCTEMOM Ha yCTUMa LEeBW KOju jefeo HOBOr Tona
2A46M-4. Moryhe je oa je Taj cMCTeM CKMHYT ca Tona pagu ywrtege unu ga he
OUTW HaKHaAOHO MHCTanNupPaH.

Ton je ynapeH ca HoBMM HuwwaHckum ypehajeM Sosnha-U koju nocegyje
OHeBHe W TepMmarnHe kKaHane, a Kopucte ra HuwaHuvja u komaHgup. OBaj
HULWAaHCKK ypehaj MoXe OTKpUTU MeTy BenuunHe TeHKa Ha garbuHu 0o 5.500 m
dawy 1 3.000 M y HOhHUM ycrnoBrMa 1 uma MoryhHOCT ayTomaTtckor npaherwa
uurba. HuwaHckn ypehaj nosesaH je ca AurnMtanHUM CUCTEMOM 3a KOHTPOMY
BaTpe KOju MMa METEOPOSIOLKM CeH30p, 6anucTuikn KomnjyTep n yHanpeheHu
ctabunusatop 2E58. HuwaHyvja Moxe ga KOPUCTM U OOMYHCKY HULIAHCKY
crnpaBy 1G46-2 koja ce Hanasu Ha HekuM yHarnpeheHum TeHkosuma T-80U .

CHuMUM nokasyjy Aa KomaHOuMp pacnonaxe yHanpeheHom naHopamckom
HOhHOM W pgHeBHOM ocMaTtpadkoMm cnpaBoM TKN-3MK koja ce Hanasu Ha
TeHkoBuMa T-72B3. Mehytum, oBaj ocmatpadkm ypehaj He Moxe
naeHtTucpmkosaTn umrbeBe Hohy Ha pgarbMHama npeko 500 m, na je noTpebHo
KOPUCTUTM HULIAHCKY cnpaBy Sosna-U 3a npoHanaxewe MeTa Ha cperum
JarbMHama TokoM Hohu. Bo3ay kopuctu AHEBHO-HOhHY ocMaTpayky crnpasy Koja
Ce Hanaswna Ha HeKkMM paHujum cepujama TeHkoBa T-80, a koja 06e3behyje
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yBehate of jegHor nyta Ha cnuumn of 27 cteneHn XopmsoHTanHe n 36 ctenexun
BepTMKanHe BUAbUBOCTH.

TeHk je onpemrbeH u cuctemom 9K119M Refleks-M, wTto omoryhasa
BO3UNy naHcupawe MNpoTUBTEHKOBCKe BoheHe pakete 9M119M1 Invar-M ca
TaHgem 6ojeBom rnaBoM u3 Tona. Paketa moxe npobutn 900 mMm BarbaHor
XoMmoreHor yenuka mnsa EPO,

Bampe+Ha moh

HajsHadvajHnje yHanpehewe Ha norby BaTpeHe Mohu npencraerba
MoauduKkaumja ayTomaTcKor nywadya KojoM je OMOoryheHo nywewe ayxe
notkanubapHe myHuumje (APFSDS). Kaga ce pagn o 6annctium n npobojHocTu
noTpebHo je y3eTn Buwe dakTopa y 063up, kao WwTo cy 6p3nHa npojekTuna Ha
ycTMa UeBW, TWUN MNyhweha, aepoauMHaMuKka, OOHOC OYXMHE W aujameTpa,
TeXWHa W cacTaB 3pHa, AM3ajH MeHeTpaTopa WM nojaunm O WHTepakuujm
neHeTpatopa um martepuwjana uwba. [lopeg Tora, Oyxu neHeTpaTtopu Tuna
APFSDS o06u4HO npobujajy Agyxe Kpo3 OKMON uurba y OAHOCY Ha Kpahe
neHeTpaTope yKonuko oba umajy ucte 6p3vHe Ha yctma LieBMW.

lpojekmun 3BM42 Mango Ha dor-em Oerly CrIUKe U eKCriepuMeHmarHu rpojekmurn
Mango-M Ha 2opH-em Oeny Criuke.
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Ha ctapujum pyckum TeHkoBuma T-72, T-80 n T-90 makcumanHa gyxuHa
neHetpartopa 6una je orpaHW4yeHa ayTOMaTCKUM MyHa4emM M M3HOCUNA je OKO
640 mm. Ha ocHoBy Tora, Hajoyxu npuxsaheHu neHeTtpatop 6uo je 3BM42
Mango gyxwHe of 574 mm koju je morao ga npobuje og 500 go 520 mm
BEPTUKANHOr BarbaHOI XOMOreHor 4enuka, Wro je nagano Ha 220 go 230 mm
BEPTUKANHOr BarbaHOr XOMOreHor 4enuka nog Harmbom op 60 creneHw.
Mpojexktun 3BM42 Mango 6uo je y onepatueHoj ynotpebu oa 1986. roguHe, anu
My je NpoBOjHOCT 3HATHO onana y 04HOCY Ha pa3BOj CaBpPEMEHOr OKfona.

Pycuja je, noyeTkom paesefjeceTux roAauHa, ynoxuna Tpya Aa ysede
neHeTpaTope y 06nuky npojektuna 3BM46 Svinets unja je gyxxumHa og 640 mm, a
oAcKopa M BuLWIE, Ca HOBUM M3BO3HO OpUjeHTUCaHuMM npojekturnom 3BM42M
Mango-M pyxuHe o 610 MM koju 6m 6mo komnaTubunaH ca cTapujum
ayToMaTCKUM Nykavuma u3 nocrcosjeTckor goba. MehyTum, n oBakas npojekat
je 3aocrtajao 3a npojektunuma mogepHux HATO TeHKoBa KOju KOpUCTE 3HATHO
ayxe neHetpaTope, kao wWTo cy amepudkn M829A1 agyxuHe o 684 mm unu
Hemaykn DM 53 gyxuHe oa yak 745 mm.

maBHY npenpeky pasBojy JAyXux neHeTpaTopa npeacTaBba cama
ONMEH3Mnja ayTOMaTCKMX MyHhsada Kojy KOpucTe pycku TeHkoBu. 36or Tora je
NpMopUTET CBUX HOBUjUX Mogudmkaumja pyckux TeHKoBa, ykrbyyyjyhu T-72B3,
T-72B3M, T-80BVM u T-90M, noctao MOHOBHO MpOjekToBawke ayTOMaTCKUX
nykaya Koju 6 npumann myHuumjy ayxy og 740 mm.

HoBwja noTkanubapHa MyHuuumja (APFSDS) kojy MoOry KOpuCTUTM OBWU
TeHkoBM je Tuna 3BM59 Svinets-1 n 3BM60 Svinets-2 gyxuHe og 735 mm. Pyckn
N3BOpY Cy HaBenu Aa npojekTun Svinets-1 uma neHeTpaTop of Bondgpamosor
kapbuaa uuja je npobojHocT og 700 o 740 MM BarbaHOr XOMOreHOr Yenvka, JOoK
npojekTun Svinets-2 KOpUCTW NeHeTpaTop Of OCUPOMALLEHOr YypaHujyma
npo6ojHocTn of 800 go 830 MM BarbaHOr XOMOreHor 4yenuka, ¢ TMM Aa ce oBe
BPEOHOCTM OQHOCE Ha BEePTUKANHO NOCTaBIbEHY YENNYHY NMOoYYy, Ha SalbWHN 04
2 kM. MehyTtnm, oBu nogauu HUCy noTBpheHw.

Ha n3nox6bu Haopyxawa Armiya-2019, komnaHuja , Tekmaw” npukasana je
npo6ojHoct 600 MM BarbaHOr XOMOTFEHOr 4Yenuka Ha Hemno3HaToj AarbMHU
npojektunoM Svinets-2. MehyTum, noTnyHa npoboOjHOCT Huje oTkpuBeHa. Y
CBaKOM Cryyajy, HOBM NPOJEKTUNN MnakK npeacTasrbajy 3HayajHo yHanpehewe
BaTpeHe Mohu pycKux TeHKoBa.

Mnak, Svinets-1 u Svinets-2 ce He Mory nopeamMtu ca npojekTunuma
Vacuum-1 (Bondpam) n Vacuum-2 (ocupomallieHu ypaHujymM) Koju cy passujeHun
3a TeHK T-14 Armata 4uju neHeTpaTopu Mmajy ayxuHy og 900 mm. YBoherwe
OBako QJyrmx neHeTpatopa Huje 6uno wmoryhe ca crtapum ayToMaTCKuMm
nywavmmMa u 3axTeBano je gayxu Tpyn u Behn aytomaTcku nykad, kao v Ton ca
BehuM npuTtuckom 2A82-1M.

[pyrn KOpUCHULM COBjETCKMX TeHKoBa, Kao WTo cy [lorbcka n YKpajuHa,
Takohe cy nokywanu pga npesasufly npobrneMm orpaHuyera ayToMaTcKor
nywada. [orbCko pellere CrMYHO je PYCcKOM W cacTojanio ce Y MOHOBHOM
NpojekToBamwy ayToMaTcKor nywada pagu npuxeBaTama AYXKUX MNpojekTuna.
MpojekToBaH je npoTtoTmn nywayva Bumar-tabedy 3a TeHk PT-91M2, anu Huje
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nosHato ga nu je lNorbcka npuxBaTura OBO pellere 3a MogepHusauujy ceor
TeHka T-72 mod.2019. YkpajuHa je npuberna Moxga v eKTpeMHUjeM NpUcTyny
3a cBoj npoTtoTmn T-84-120 Yatagan, WTO je ykrbydmBano yeohewe Tona y
HATO kanvbpy oa 120 MM w jegHogenHo 3pHO, a TuMe U u3baumsare
noctojeher aytomartckor nywadya u popasate Hosor. OBa Bep3uja TeHka
HaMen-eHa je u3Bo3y, anv Huje nNo3HaTto aa nu je buno nopyLbuHa go caga.

Pag Ha wMopepHusaumwju TeHka T-80BVM opBuja ce y dabpuun
~Omsktransmash” y Omcky, 4OK ce nonpaeke 1 TecTupaka TeHkoBa cepuje T-80
obaBrbajy y wesgeceT NPBOM MOCTPOjeky 3a onpaBKy TeHKoBa y 6nunanHu CaHkT
MeTepbypra.

TeHnk T-80BVM (2019) npeacrtaBrba OCHOBY MoAepHU3auuvje TeHKOoBa
cepuje T-80. Mehytum, oBa cy Benuka HegocTaTKa OBOr TEHKa: HegocTajy
He3aBuCHa NaHopaMcka TepMarnHa ocMaTtpadka crnpasa KomaHaupa uaarbMHCKU
ynpaBbaHe 6opbeHe cranuue (OYBC). MWsoctaBmawe [OYBC-a je
WMHTEPECaHTHO pelleHe 3a TEeHK Koju je npeasuheH 3a AejcTBo Ha APKTUKY rae,
3060r aTMocepckux npunukKa, KOMaHaup He Moxe edumkacHo ga ynpasrba
mMuTparbesom. [lopeg Tora, ynpaBrbake eKCTEPHUM MUTParbe3oM U3NOXUIo ou
KOMaHgupa BaTpeHuM gejcTBmMma u pusuumma bojuwra.

Hepoctatak He3aBuCHe naHoOpamcKke TepMarnHe ocmaTtpadke cnpase
orpaHuyaBa ynory KomMaHaupa Yy Tpaxewy UUbeBa Mo YCroBMMa HUCKe
BUASBMBOCTHU, LWUITO YMakryje CUTyaLMoHy CBECHOCT nocaje TeHkKa.

PasHomexa

BojHu nnaHepu y Pycujyu mopanu cy ga Hahy paBHOTeXy nsmely xerba u
poctynHoctu. TeHkoBu T-73B3, T-72B3M, T-80BVM, T-90M wu T-14 Armata
npeacTaBrbajy MewwoButy roTy ca pasnuunutnm cnocobHoctuma. JedTuHuje
TeHKoBe Moryhe je passujaTv y BehM KonvynHama, [OK ce CKyrnrba Bo3una aajy
enuTHUM jeavHuuama. T-80BVM  cToju Herge y CpefuHu CBUX  PYCKUX
mMoaudmkaumja TeHKOBa, a U3bop MUCUOHUX M 3aLLUTUTHUX CUCTEMA YMHU BO3UIIO
Nno H-eroBMMKapakTepmcTMkama aHanorHo TeHky T-72B3M.

Oba Bo3una pacnonaxy MoaudMKOBaHUM ayTOMaTCKUM MNykavyem Koju
npumMa Ayxa notkanubapHa 3pHa (APFSDS). T-72B3M je onpemrbeH TOMOM
2A46M-5 koju je cnnyaH Tony 2A46M4 | a HameweH je nopoauun TeHkoea T-72
n T-90, gok je Tonom 2A46M-4 onpemrbeHa cepuja TeHkoBa T-80. Oba Bo3una
umajy HuwaHckn ypehaj Sosna-U 3a HuwaHuunjy un ypehaj TKN-3MK 3a
KoMaHaupa, a cnu4yHa cy no saTpeHoj Mohu 1 CUTyaLMoHOj CBECHOCTMW.

Tenk T-80BVM (2019) nma HewTo Borby 3awtuTy o TeHka T-72B3M, jep
nocegyje EPO Ttuna Relikt Ha 4YeoHoj cTpaHu 1 kynonu, gok T-72B3M kopucTu
ctapujy EPO Ttuna Kontakt-5 Ha uctum mectuma. Mehytum, T-72B3M  je
onpemrbeH GrokoBuma EPO Tmna 4S24 Relikt ca ctpaHe kynone, OOK Ha
Bep3uju T-80BVM (2019) oHu Hu1cy npumeheHu.

Oba TeHka MOry umaTtu peLleTKacTW OKIIoM,Kao W 3aBecuue NykeHe ca
EPO. [dakne, TEHKOBM MMajy CNWYHY 3aWTUTy ca OOYHWX cTpaHa, anu ce
pasnukyjy no 4eoHuMm oknonuma. Haume, T-80BVM npeacTtasrea
MoaepHusauujy cepuje T-80B/BV kojuma cy LWynrbUHE Y Kymnonu ucnyHeHe
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KepaMunyknum martepujanom kvartz”, pgok T-72B3M 3agpxaBa Kynony TeHka T-
72B 4uvjn oknon npeAcTaBrba MELUaBMHY Yernuka U rymMe ca HEeeKCrnsio3vBHVM
peaKkTUBHMM OKIMOMOM YMMe Cy MOonykeHe LWynrbuHe y kynonu. Ha Taj HaumH
Kynona TeHka T-72B npyxa 6orby nacvBHy 3alITUTY MPOTUB KyMynaTUBHMX
nyweHwa 1 neHeTpaTropa ca KMHETUYKOM eHeprujoM. MefRyTtum, 36or ynotpebe
ctapujer EPO tuna Kontact-5 Ha kynonu TeHka T-72B3M TeLlKo je 3akrbyuntu
KOju TEHK uMa 6orby 3alITUTY ca YeoHe CTpaHe.

J
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lMoaned Ha T-90M: Hosa kynona, komaHOupos AYBEC u boyHa 3awmuma.

TeHk T-80BVM je cynepuopaH no nutawy MOBUITHOCTM Yy OOHOCY Ha cepujy
T-72 3axBarbyjyhm cBojoj racHoj TypbuHu cHare go 1.250 KC. Maca TeHka T-
72B3M un3Hocu 46,5 T, a nokpehe ra motop V92S2 cHare go 1.130 KC ca
mewadeMm APP-172. To gaje ogHoc cHare un TexuHy Yy pa3mepu 24.3 KC/T u
noTeHuujanHy MakcumanHy O6p3vHy po 65 km/y4 Ha nyty. Wako cy oBe
KapaKTepucTuKe pecrnekTaburnHe v garbe cy 3HaTHO folivje of kapakTepucTuka
NOKPEeT/bMBOCTU TeHKa T-80BVM,

Cepuja T-80U uma gpyraumjy kynony oa cepuje T-80B Ha kojoj noctoje
n3bodynHe Ha Kynonm Koje Cy MNOMyweHe MOAEPHWOM  MeLLaBMHOM
Kepamuke/nonumepa/vyenvka pagu oOCTBapuvBaka Oorbe 3awTute npoTuB
Hanaga KyMynaTUBHUX MPOjEeKTUa U KMHETUYKMX noTkanubapHux neHeTpaTopa.
C ppyre cTtpaHe, ¢ 063MpoM Ha To Aa kyrnona TeHka T-80B Kojy MMa TeHk T-
80BVM cagpxun kepamMnuku matepujan ,kvartz”, nacuBHa OKMornHa 3awiturta Ha
Kynonu TeHka T-80BVM cnabuja je y ogHocy Ha cepujy T-80U. Cepuja T-80U

214



file:///C:/Users/INT-VTG-03/Downloads/imageGalleryHref_167544
file:///C:/Users/INT-VTG-03/Downloads/imageGalleryHref_167544

onpemrbeHa je ca EPO tuna Kontakt-5 ymecto ca EPO Ttuna Relikt, 3HaTHO cy
Kpahe 3aBecuue Ha GOYHMM CTpaHama, a HeJoCTaje MM U peLleTKacTu OKIoM.
Mopen Tora, cutyaumoHa cBeCHOCT 1 BaTtpeHa moh TeHka T-80U je uHdpepmropHa
y ogHocy Ha T-80BVM, nako je HUBO NOKPEeTIbMBOCTU 0ba TEHKA CrnYaH.

MakeT mogepHu3aumje TeHka T-90M ambuumMO3HUjK je og moaepHusaumje
TeHka T-80BVM. Unak, oba TeHka mmajy Ton 2A46M-5 ca pegusajHMpaHum
ayToMaTCKUM MNyadeM Yy Koju CTajy Ayxa notkannbapHa 3pHa.

Kaga ce npsu nyT nojaBuna uHdopmaumja o TeHKy T-90M, MHOrn nokanHu
n3Bopu cy npetnoctasunu ga he 6utu onpemrbeH UCTMM TOMOM O3Hake 2A82-
1M kao Ha TeHKy T-14 Armata, anu ce To HWje 4ecuno, BEpoBaTHO 300r BENUKNX
TpowkoBa. T-90M nma ncte 3awTUTHe 3aBecuue ca EPO Ha 6o4HMM cTpaHama
TEHKa, Kao M peLUEeTKacTN OKMNon Koju ce Hanase Ha TeHkoBuma T-72B3M u T-
80BVM, anu je onpeMrbeH 1 MpeXoM MPOTUB AejCTBa PyYHMX pakeTHUX bauava
npeko Aoker gena Kynone.

Tenk T-90M Takohe je pobno mogepHusosaH motop, V-92S2F cHare 1.130
KC, wto my omoryhaBsa 6p3nHy of 60 km/4 Ha nyteBuma. BepoBaTtHo je ga je
Op3uHa n Beha ¢ 0631poM Ha TO A4a pycko MUHUCTaApCTBO oabpaHe HaBoau Aa
TeHk T-90A pasBuja makcumanHy 6p3vHy oa 60 km/4 ca macom o 45,6 ToHa n
moTopom cHare og 1.000 KC. CHara moTtopa TeHka T-90M je Beha, a maca ce
npouemyje Ha 48 go 50 ToHa, wto 6m 3Hauyuno Behu ogHoc KC/ToHa, na Tume u
Behy Bp3unHy.

3a pasnuky oa TeHkoBa T-72B3M u T-80BVM, T-90M uma HoOBY Kynony
Koja je onpemrbeHa MOTNYHO AMMMTanu3oBaHOM apXUTEKTYPOM, YKIbyyyjyhu
aurntTanHu CUCTeM 3a ynpasribakbe BaTpOM W paBHe naHerne ca MnpojeKkToOBaHOM
CnukoM 3a cBe uynaHoBe nocage. OBaj TEHK MMa W He3aBUCHY NaHOPaMCKy
ocMaTpayky crnpasBy 3a KoMaHAMpa Koja je WHTerpMcaHa ca [JarbUMHCKU
yrnpaBrbaHOM OpPYXXHOM CTaHuuoM mutparbesa 12,7 mm KORD, wTto omoryhaBa
KOMaHOupy Hanag Ha uurbeBe Ha BehuM parbMHama M He3aBuCHO raharse
MEeKMX MeTa Ha MakMM yaarbeHocTuma 6e3 notpebe okpeTara Kynone.

JlokanHa cuTyauuoHa ceBecHOCT je Takohe yHanpeheHa Ha TeHKy T-90M
3axBarbyjyhu cuctemy kamepa y pagujycy op 360 creneHn. OBaj cuctem
YKIby4yje kamepy Ha cTyby usHag TeHka koja omoryhaBa CUMTyauuoHy CBECHOCT
Ha MakUM JarbuHama n Kamepy 3a BOXhY YHas3az Koja ce ykibydyje kaga Bo3au
ybaum Merad 3a BOXhY yHa3aa.

HuwaHynja ynpasrba HuwaHckum ypehajem Sosna-U kao U Ha TeHkoBMMa
T-72B3, T-72B3M un T-80BVM. [lopen Tora, Ha TeHky T-90M Hanasu ce u
CeKyHOapHa TeneBu3Mjcka ocMaTpadka cnpaBa, no3HaTta kao PDT, koja uma
COMCTBEHN W3BOP Hanajawa, na je y dyHKUMjM U Kaga je rrnaBHU cuctem
Hanajawa y npekuay. Bo3uro je onpemMrbeHo u yHanpeheHuM KOMyHUKaLNoHUM
CYCTEMOM KOju YKIbyYyje n MOAEepHU MpPEeXHN paguo-ypehaj us nopoguue R-187
Azart SDR, a BepoBaTHO ce paau o mogeny Azart-BV.

TeHk T-90M wuma wmMoryhHOCT naHcupaka BasfgylHopacnpckasajyher
npojektuna 3VOF128 Tel’nik. NMpojekTun je pa3sujeH Ha OCHOBY pYCKOI UCKyCTBa
y Cwupujn, roe cy TeHKOBCKe nocage Tpaxune MoryhHocT edmkacHor
ernMMrH1cara NPOTUBTEHKOBCKUX TUMOBA.
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Ynpkoc 6pojHuUM npedHocmuma, nompaxra 3a meHkosuma T-14 u darwe je mana.
OdpeheHu cucmemu meHka ripebadyeHu cy Ha meHk T-90M, kao wmo cy AYB6C u
o0peheHu denosu Kyrore.

EBngeHTHO je pga TeHk T-90M omoryhaBa 6Gorbum  komdop
nocage:npoTMBKNM3ajyhn crnoj Ha Tpyny TeHKa, cMakyje MOryhHOCT Knusana
nocage, ceauiTa y Kynonm cy yaobHuja, a gogatum cy n knuma ypehaj u cuctem
3a rpejane. OBakBe NpoOMeEHe NpBM NyT Cy NPMMEHeHe NPUITMKOM MpPojeKToBaHa
TeHka T-14 Armata.

TeHk T-14 Armata npegcTtaBrba BpxyHal, AM3ajHa PYCKMX TEHKOBa W, Kao
TakaBs, CyNepuopaH je y 0OgHOCYy Ha CBe MOAEpHM30BaHE pycke TeHkoBe T-72/T-
80/T-90. Tako je gocTurao ctaHgape HajHOBUjUX 3anagHUX TEHKOBA.

lNognHe 2015. komnaHwuja ,Uralvagonzavod” HaBena je pQa ou4ekyje
nopyL6buHy og 2.300 TeHkoBa Armata, ykrbydyjyhm T-14 MBT, Tewko 6opbeHo
BO3Mmno newaauje T-15, kKao 1 nHXMUHepUjcko Bo3nno T-16. MeRyTum, To ce Huje
Jecuro, na je Pycuja ognyuuna ga yhe y nporpam jedTuHunje moaepHmusauuje
cBoje TeHkoBcke dnoTe. NognHe 2016. noTnucana je yroBop 3a npBy cepujy of
100 Bo3una Ha 6as3u nnatdopme Armata, a 3atmm je cnegmo yroesop 3a 132
Bo3una tuna T-14 n T-15 Tokom 2018. roguHe.

LleHa osor Bosuna nosehana ce ca 320 munuoHa pybara (4,6 MunmoHa
ponapa) Ha 350 mwunuoHa pybarba, OBaj M3HOC je MHOro Behu op cyme
notpebHe 3a mogepHu3auujy TeHka T-72B3 koja u3HocM Oko 52 mMunmoHa
pybarea. MehyTum, nako je ueHa HOBOr BO3una Bpfi0 BMCOKA, TO UMNak Huje
rmaBHM pasnor. Behu npobnem 3a macoBHuje yBohewe TeHka T-14 y
onepaTtuBHy ynotpeby npeacTaBrbajy TPOLLKOBW pPe3epBHUX OeroBa, NOMMCTUKe,
obyke M nonpaBke BO3uNna koja MMajy Bpro Mano 3ajefHWYKMX Aenosa ca
nocTojeNnm pycknM TeHKOBUMA.

Hpaeax M. Byykosuh (Dragan M. Vuckovié),
e-mail: draganvuckovic64@gmail.com,

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

NO3UB N YIIYTCTBO AYTOPUMA O HAYUHY NMPUNPEME YNAHKA

YnyTcTBO ayTtopuma O HauuHy npunpeme unaHka 3a objaBrbuBare Y
BojHoTexHM4KkOM rnacHuky ypafeHo je Ha ocHoBy [lpaBunHuka O kaTeropusaumjn u
paHrupamy Hay4Hux vaconuca MuHucTapcTBa NpocseTe, Hayke U TEXHOMOLLKOr pasBoja
Peny6nuke Cpbuje ("Cnyx6eHun rnacHuk PC", 6poj 159/20). MNMpumeHa osor NpaBunHuka
MPBEHCTBEHO CMyXK yHanpeherwy KBanuTeTa AoMahnx Yaconmca 1 HKXOBOr MOTRyHWjer
YKIby4nBama y MeflyHapogHu cnucteM pasmeHe Hay4YHux nHdopmauuja.

BojHoTtexHuuku rnacHuk / Vojnotehnicki glasnik / Military Technical Courier
(BTr.mMo.ynp.cp6, www.vtg.mod.gov.rs, ISSN 0042-8469 — wrtamnaHo usgawe, e-ISSN
2217-4753 - online, UDC 623+355/359, DOI: 10.5937/VojnotehnickiGlasnik;
https://doi.org/10.5937/VojnotehnickiGlasnik), jecte MynTMAUCUMMNMHAPHW  Hay4YHU
yaconuc MwuHuctapcTBa onbpaHe u Bojcke Cpbuje. Yaconuc objaBrbyje HayyHe wu
CTPy4YHe YnaHke 13 obrnacTn OCHOBHUX UCTpaxuBamwa (MaTtemaTuke, pavyyHapCKux Hayka
M MEexXaHuKe) M  TEeXHONMOWKOr pasBoja  (EeNeKkTpoHuKe,  TenekoMyHuKauuja,
NHOPMAaLMOHNX TEXHOMOMja, MaluMHCTBA, MaTepujana n XeMmnjckmx TeXHonoruja), kao u
TEXHWYKE UHGOpMaumje O CaBpeMEeHUM CUCTEMMMA HaopyXakwa W CaBpPEMEHVM BOjHUM
TexHornorujama. Yaconuc npatu jeAMHCTBEHY MHTEPBUOOBCKY TEXHUYKY NMoapLuky Bojcke
Ha NPUMHUMMY NOMMCTUYKE CMUCTEMCKe MOoApLUKe, 0bnacTV OCHOBHMUX, MPUMEHEHUX U
Pas3sBOjHUX NCTPaXKMBaHa, Kao U NPOU3BOAY U yNoTpeby cpeacTaBa Haopyaka 1 BojHe
onpeme. Yaconuc objaBrbyje M ocTana Teopujcka M npakTU4Ha p[ocTurHyha koja
JOMpuHOCe ycaBpluaBakwy CBMX MpWNagHvWKa cprcke, pervoHanHe u MehyHapogHe
akagemcke 3ajegHuue, a nocebHoO npunagHuKa BOjCKM U MUHMCTapcTaBa ogbpaHe.

YpehuBayka nonutuka BojHOTEXHMYKOr rmacHWKa 3acHMBa Ce Ha nperopykama
Opbopa 3a etmyHocT y uspaBawTtBy (COPE Core Practices), kao n Ha Hajborbum
npuxsaheHMm nNpakcama y Hay4yHoM n3gasaluTey. BojHoTexHuuku rmacHuk je unaH COPE
(Committee on Publication Ethics) o 2. maja 2018. roguHe.

MwuHucTapcTBO npocBeTe, Hayke W TexHOnowkor passoja Penybnuke Cpbuje
yTBpauno je gaHa 23. 12. 2021. roguHe kateropusauujy BojHOTexHWYKOr rnacHuika, 3a
2021. roguHy:

— Ha NIMCTX Yaconuca 3a padyHapcKe Hayke:

KaTeropwvja UCTakHyTK HauuoHanHm yaconuc (M52),

— Ha NMCTK Yaconuca 3a eneKTPOHUKY, TeNeKkoMyHuKaumje n nicpopmaumnoHe
TexHonoruje:
KaTeropwja UCTakHyTK HauuoHanHu Yaconuc (M52),
— Ha NUCTM Yacomnuca 3a MalNHCTBO:
KaTeropuja BPXyHCKM Yaconuc HauMoHanHor 3Hadaja (M51),
— Ha NIUCTK Yacomnuca 3a MaTepujarne u xeMujcke TexHororuje:
KaTeropuja BPXyHCKM Yaconuc HauuoHanHor 3Hadvaja (M51).

YcBojeHe nucte gomahux vaconmca 3a 2021. roguHy Mory ce BMAETU Ha cajTy
BojHoTexHW4Kor rnacHuka, ctpaHuua Kameeaopu3sayuja Yaconuca.

OeTarbHuje nHdopmaumje mory ce npoHahu v Ha cajty MunHucTapcTBa npocseTe,
Hayke 1 TexHonowkor passoja Penybnuvke Cpbuje.
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Mopaum o kateropusauuju mory ce npatuti u Ha cajty KOBCOH-a (KoHsopuujym
6ubnunoteka Cpbuje 3a objeanteHy HabaBky).

Kateropusaumja yaconuca ussplueHa je npema [paBunHmky o kateropusauujn u
paHrupawy Hay4Hux Yaconvmca MuHMCTapCTBa NPOCBETE, HAYKe U TEXHOJMOLIKOr pa3Boja
Peny6nuke Cpbwje ("Cnyxbenun rnacHuk PC", 6poj 159/20).

Yaconuc ce npatu y koHTekcty Cpnckor uymtaTHor uHgekca — CLUWHpekc (6asa
nopgataka gomahux HayyHux Yaconuca) u Pyckor nHgekca HaydvHor umTtupara (PUHLL).
MopBprHyT je cTtanHOM BpeaHoBawy (MOHUTOPWHIY) Y 3aBMCHOCTM Of YTULAJHOCTU
(vmnakta) y camum Gasama u, nocpegHo, y MehyHapogHum (Clarivate Analytics)
uMTaTHUM  MHOekcuma. [leTarbM O  UWHAEKcupawy Mory ce BuaeTu Ha  cajTy
BojHoTexHu4Kor rnacHuka, ctpaHuua MHoekcupare Yaconuca.

BojHoTexHu4kn rmacHuk omoryhaBa u  npumekyje  Creative  Commons
(CC BY) ogpenbe o aytopckum npasuma. [etarbm O ayTOpCKuM MpasBuma Mory ce
BMOETU Ha CajTy Yaconuca, cTpaHuua Aymopcka npasa u rnoaumuka camoapxusupara.

PapoBn ce npepgajy nyTtem OHMajH cuctema 3a €nekTpoHCKo ypehuBame
ACUCTEHT, koju je passuo LieHTap 3a eBanyauujy y obpasoBany u Hayum (LLEOH).

MpucTyn u pernctpauuja 3a cepBuUC BpLUe ce Ha cajTy www.vtg.mod.gov.rs, npeko
ctpatuue ACUCTEHT wvnm CUMHOEKC, OBHOCHO OWPEKTHO Ha  JIMHKY
aseestant.ceon.rs/index.php/vtg.

JeTtarbHo ynyTcTBO O peructpaumju 1M npujaBu 3a CepBUC Hamasu ce Ha cajTy
www.vtg.mod.gov.rs, ctpanuua Ynymcmeo 3a ACUCTEHT.

MoTpebHO je Oa ce cBM ayTopu KOju nogHoce pykonuc 3a objaBrbmBare Yy
BojHoTexHnukoM rnacHuky peructpyjy y peructap ORCID (Open Researcher and
Contributor ID), npema ynyTCcTBY Ha cTpaHuum cajta Peaucmpayuja 3a dobujarbe ORCID
udeHmuuKayuoHe wugpe.

BojHOoTexHMYkM rnmacHuk objaBrbyje 4YnaHKe Ha eHrrneckom jesuky (arial, BenvunHa
cnosa 11 pt, npopeg Single).

MocTynak npunpeme, nucawa u ypehusawa YnaHka Tpeba aa 6yge y carnacHocTtu
ca MWsjasom o emuykom nocmynamy (http://www.vtg.mod.gov.rs/izjava-o-etickom-
postupanju.html).

UnaHak Tpeba ga cagpxu caxeTak ca Kiby4dHUM pedvma, YBof4, paspajy, 3akibyyak
n nutepatypy (6e3 Hymepauuje HacnoBsa u nogHacnosa). O6um unaHka Tpeba ga Oyae
OKO jeaHor aytopckor Tabaka (16 ctpanuua dopmata A4 ca npopegom Single), a
HajBuLe 24 cTpaHuue.

UnaHak Tpeba pa Oype HanvcaH Ha obpacuy 3a nucamwe 4naHka, koju ce y
€NeKTPOHCKO] hopMM MOXe Mpey3eTn ca cajta Ha crpanuum Obpasay 3a nucame
yraHka.

Hacnos

Hacnos Tpeba na ogpaxaBa TeMy YnaHka. Y MHTepecy je yaconuca v aytopa Aa ce
KOPUCTE peyun NpuKagHe 3a MHOEKCHpare U NpeTpaxuBare. AKO TaKBUX peyn Hema y
HacnoBy, NOXeIbHO je Aa ce npuaoaa v NogHacroB.

Tekyhu HacnoB

Tekyhn HacnoB ce ucnucyje ca CTpaHe CBake CTpaHuue 4naHka pagun nakwe
naeHTudmkaumje, NnocebHO konmja YnaHaka y enekTpoHCKoM obnuky. Cagpxu npesvme u
WHMUMjan MMeHa ayTopa (ako ayTtopa MMa Bulle, NpeocTanu ce o3Hayaeajy ca ,et al.”
unu 1 ap.“), Hacnose paga un 4Yaconuca u konauujy (roanHa, BonyMeH, CBecka, noveTHa
1 3aBpLUHa cTpaHuua). Hacnoeu yaconuca n unaHka Mory ce aatu y ckpaheHom obnuky.
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Ume ayTopa

HaBoawu ce nyHo nme u npesmme (cBux) aytopa. Beoma je noxeroHo ga ce Haseay
n cpegka crioBa aytopa. MimeHa n npesumeHa gomahux aytopa yBek ce WChuUCyjy Y
OpUrMHanHom obnuky (ca CpNcKMM AMjakpUTUYKMM 3HAKOBMMA), HE3ABUCHO Of je3nka Ha
KojeMm je HanucaH pag.

Ha3uB ycTaHoBe ayTtopa (achunujaumja)

HaBoau ce nyH (3BaHW4HK) HA3MB 1 CeauvLUTe YCTAHOBE Yy KOjOj je ayTop 3arnocrneH,
a eBeHTyarlHO M Ha3vB YCTaHOBE Y KOjOj je ayTop 00aBMO UCTpaxuBawe. Y CIOXEHUM
opraHusaumjama HaBoOW Ce YKynHa xwujepapxuja (HNp. YHuBep3auTeT opbpaHe y
Beorpany, BojHa akapemuja, Kategpa npupogHo-matemaTtuykmx Hayka). bBap jegHa
opraHusaumja y xujepapxuju Mmopa 6utu npaBHO nuue. AKO ayTopa Mma BWLIE, @ HEKu
noTM4yy M3 MUCTe YCTaHOBE, Mopa ce, MOoCebHVMM O3Hakama WNM Ha ApYru HauuH,
HasHa4YMTU M3 KOje Of HaBeAEeHUX YCTaHOBa MOTUYE CBakM O HaBedeHMX ayTopa.
Adwmnujaumja ce ncnmcyje HenocpeaHo HaKOH MMeHa aytopa. PyHKUMja 1 3Bame ayTopa
ce He HaBofe.

KoHTakT nogauu
Agpeca nnu e-agpeca CBUX aytopa gaje ce nopes umeHa v npesumeHa aytopa.

KaTteropwmja (Tun) unaHka

KaTteropusauuja unaHaka obaBesa je ypegHuwTBa M of nocebHe je BaKHOCTM.
Kateropujy 4naHka mory npegnaraTv peueH3eHTM U YNaHoBM ypeaHWUWTBa, OAHOCHO
ypeaHvuum pybpuka, anm OArOBOPHOCT 3a KaTeropusauujy CHOCU UCKIbYYMBO [MNaBHU
YPEQHWK.

UnaHuu y BOjHOMEXHUYKOM eriacHUKy Knacudukyjy ce Ha HayyHe W CTpyyHe
ynaHke.

Hay4Hu unaHak je:

— opurMHanaH HayyHu pag (pag y kojeM ce W3HOce MpeTXodHO HeobjaBrbeHu
pe3ynTaTi CONCTBEHWUX UCTPaXuBaHa Hay4HM METOAO0M);

— npernegHn pag (pag Koju CaapXv OpurMHanaH, AetarbaH U KpUTWYKM npurkas
UcTpaxueaykor npobnema wunu nogpydja y Kojem je aytop ocTBapuo ogapeheHn
[OMNPUHOC, BUATBUB Ha OCHOBY ayTouuTara);

— KpaTKO WM MPEeTXOOHO CaonLiTeHe (OPUrMHanHW Hay4yHW pag nyHor dopmara,
anu mawer obrmMa nnv NpenMMMHapHOr Kapaktepa);

— HayyHa KpuTWMKa, OOHOCHO nonemwuka (pacnpaBa Ha oppefeHy HaydHy Temy,
3acHOBaHa MCKIbYUMBO Ha Hay4HOj aprymeHTauwmju) n ocBpTy.

M3y3eTHOo, y Hekum obnacTvma, Hay4yHW paj Yy 4acomucy Moxe umaTtn obnuk
MoHorpadcke CTyauje, Kao MU KPUTUYKOr u3paka HayyHe rpafe (MCTopujcKOo-apXMBCKe,
nekcukorpadpcke, 6ubnuorpadcke, nperneja nogaraka wu ch.), AOTaf HenosHaTe wnu
HEe[0BOJBHO MPUCTYNayHe 3a Hay4YyHa UCTpaXKnBaa.

PapoBwn knacndumkoBaHm kao Hay4YHn Mopajy nmatu 6ap aBe No3UTUBHE peLieHsuje.

Ako ce y yaconucy objaBrbyjy 1 NpMnosu BaHHay4YHOr KapakTepa, HayYHu YnaHum
Tpeba ga 6yay rpynmcaHu 1 jacHo U3ABOjEHN Y MPBOM Aeny CBECKe.

CTpyYHM UnaHak je:

— CTPy4YHM pag (Mpwunor y Kojem ce Hyde MCKyCTBa KOpMCHa 3a yHanpehetrse
npodecrmoHanHe npakce, anu Koja HUCY HYy>KHO 3acHOBaHa Ha Hay4HOM MeToay);
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— MHGOPMAaTUBHM NPUOT (YBOOHWK, KOMEHTap U cr.);
— npuKas (Kkbure, padyyHapckor nporpama, criyyaja, HayyHor gorahaja, u cn.).

Je3suk paga
Jesuk paga Tpeba na Gyae eHrnecku.

TekcT Mopa BUTK je3anyknM 1 CTUNCKM JoTepaH, cucTemaTn3oBaH, 6e3 ckpaheHnuua
(ocum cTangapaHux). Cee dusmyke BenuymHe mopajy 6utn nspaxeHe y MehyHapogHom
cuctemy MepHux jeamHuua — Sl. Pegocnep obpasaua (dopmyna) o3HavaBa ce pefHUM
OpojeBnmMa, ca fecHe cTpaHe y OKpyrnnM 3arpagama.

CaxeTak

CaxeTak jecte KpaTak MHGOpMaTMBaH MpuKas cagpXaja unaHka Koju uutaouy
omoryhaBa ga 6p30 1 Ta4HO OLIEHU HEFOBY PENeBaHTHOCT. Y MHTEpeCy je ypeaHuwTasa
M ayTopa [a CaxeTaKk CagpXu TEPMUHE KOju Ce 4YeCcTo KOpUCTe 3a MHOEeKcupawe U
npeTtpary unaHaka. CacTaBHM LOenOBW CaxeTka Cy yBOA/UMIb MCTpaXuBaka, MeToaw,
pesyntati u 3akrbyyak. CaxeTak Tpeba ga mma og 100 go 250 peun n Tpeba ga ce
Hanasu uamely 3arnaerba (HacnoB, UMeHa ayTopa W Op.) U KIbyYHUX PeYM, HAKOH KOjux
cnenu TEeKCT YnaHka.

Krby4yHe peun

KrbyyHe peun cy TepmuHu unu dpase Koje afgekBaTHO npeacTaBrbajy caapxaj
YnaHka 3a notpebe MHAeKcupawa n npeTpaxueara. Tpeba nx gogersusatu ocnamajyhn
ce Ha Hekn MehyHapodHu u3BOp (MONWC, PeYHUK WM Tesaypyc) Koju je Hajwuvpe
npuxsaheH wnn yHyTap Agate HayyHe obnactu. 3a Hnp. Hayky yonwTe, TO je nucTa
kiby4yHux peun Web of Science. Bpoj krbyyHux peun He moxe 6utu Behu og 10, a y
WHTEpeCy je ypeaHULWTBA U ayTopa Aa yvecTtanocT wuxose ynotpebe Oyae wro Beha. Y
YnaHKy ce NuLly HenmocpeaHO HakoH caxeTka.

Cunctem ACUCTEHT y 1y cBpxy kopuctu cneuujanHy anatky KWASS: aytomaTtcko
eKCTpaxoBame KIbYYHUX peun M3 AMCUMNIMHapHUX Tesaypyca/pevHuka no usbopy u
pyTUHe 3a UuxoB ogabwp, Tj. npuxsaTawe OAHOCHO ofdbauvBare Of CTpaHe ayTopa
n/vnn ypegHuka.

,EIaTyM npuxeataka 4aHKa

JaTtym kaga je ypeaHULITBO NPUMUIIO YnaHak, 4aTyM Kaaa je ypeaHULUTBO KOHauHO
NpMXBaTUIO uYnaHak 3a objaBrbuBakbe, kao M [aTyMu kaja cy y MefyBpemeHy
[OCTaBIbeHe eBEHTyarlHe UCMpaBKe PyKONMUCca HaBoge Ce XPOHOMOLLKUM peaocnenom, Ha
CTarnHoOM MecTy, Mo NpaBusy Ha Kpajy YnaHka.

3axBanHuua

Ha3sne n 6poj npojekTa, 0O4HOCHO Ha3WB Mporpama y OKBMPY KOjer je YnaHak HacTao,
Kao M Ha3nB WHCTUTYUMWje Koja je dmHaHcupana npojekaTt unm nporpam, HaBoau ce y
noceBHOj HaNMOMEHN Ha CTarnHOM MeCTY, MO NpaBuNy Npu AHY NpBe CTpaHe YnaHka.

MpeTxoaHe Bep3uje paaa

AKO je unaHak y NpeTxXofHOj Bep3vju OGMO M3MNOXEH Ha CKyny y Buay YCMeHOor
caonwTewa (Mo UCTUM UK CIIMYHMM HACcNoOBOM), mogaTak o Tome Tpeba pa byne
HaBedeH y nocebHOj HanoMeHu, No npaBuIy Npu AHy NpBe cTpaHe ynaHka. Pag koju je
Beh objaBrbeH y HEeKOM Yaconucy He Moxe ce 00jaBuTu y BOjHOTEXHMYKOM rmacHuKy
(MpewTamnatu), HM NOA CIIMYHUM HACIIOBOM U U3MEHEHOM OBNHUKY.
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TaGenapHu u rpachuykmn npukasm

MoxersHO je Aa HacnoBwu CBWMX NpuKasa, a No MOryhcTBY W TEKCTyanHW cagpxaj,
Oyay oatv ABOje3NYHO, Ha je3nKy paga v Ha eHrNecKoM je3unky.

Tabene ce nuLy Ha UCTU HAYMH Kao M TEKCT, a O3Ha4yaBajy ce pedHum 6pojeBuma
ca ropwse ctpaHe. doTorpaduje n upTexun Tpeba aa byay jacHu, npernegHn 1 NOroaHn 3a
penpoaykuynjy. Liptexe Tpeba pagutn y nporpamy word wnu corel. ®otorpadpuje u
upTexe Tpeba NOCTaBUTU Ha XKerbEHO MECTO Y TEKCTY.

3a cnvke n rpadukoHe He CMe Ce KOPUCTUTM CHUMAaK ca ekpaHa padyHapa
nporpamMa 3a npukynrbake nogartaka. ¥ caMoMm TeKCTy YnaHka npenopy4yje ce ynotpeba
crvka u rpacpukoHa HenocpegHo M3 nNporpama 3a aHanuady nogartaka (kao wrto cy Excel,
Matlab, Origin, SigmaPlot n gpyru).

HaBoheke (uuTupame) y Tekcty

HaunH nosmBara Ha n3BOpe y OKBUPY YnaHka Mopa 6utn jegHoobpasaH.

BojHOTexHMYKM rnMacHuK 3a pedepeHunpame (UMTupame 1 HaBohewe nutepaType)
npumeryje XapBapackv cuctem pedepeHumn, OAHOCHO XapBapAcKku NPUPYYHUK 3a CTUM
(Harvard Referencing System, Harvard Style Manual). ¥ camom TekcTy, y OOGUYHUM
3arpagama, Ha MecTy Ha KOjeM Ce BpLUM MOo3uBake, OOHOCHO UMTMpare nutepartype
HabpojaHe Ha Kpajy 4YnaHka, o6aBe3HO y 0OOMYHOj 3arpagn HammcaTu npesmme LmMTupaHor
ayTopa, roguHy usgamwa nybnukauuje M3 Koje uMtuparte u, eBeHTyanHo, 6poj ctpaHuua.
Hnp. (Petrovi¢, 2012, pp.10-12).

[JeTtarbHO ynyTCTBO O HayMHy uMTUpara, ca npuvMepvMa, AaTo je Ha CTpaHuum
cajta Ynymcmeo 3a XapeapOcku npupy4HuK 3a cmur. MNMotpebHo je na ce no3nBamwe Ha
nuTepaTtypy y TEKCTY ypaau y cknagy ca MoOMeHYTUM YynyTCTBOM.

Cnctem ACUCTEHT y cBpxy koHTpone Hasohewa (uMTvpara) y TEKCTY KOpUCTH
cneumjanHy anatky CiteMatcher: oTkpuBarwe N30CTaBIbEHUX LMTaTa y TEKCTy paga u'y
nonucy pedepeHum.

HanomeHe (dycHoTe)

HanomeHe ce gajy npu OHy CTpaHe Ha KOjoj ce Hamasu TEKCT Ha Koju ce OfHoce.
Mory cagpxatv mMawe BaxHe AeTarbe, JONyHcKa objalirera, HasHake O kopuwheHuM
nssopuma (Ha npumep, HayyHoj rpafu, npuvpyYHuuMma), anum He mory 6uTn 3ameHa 3a
UMTUPaHy nNuTepaTypy.

INucra pedepeHumn (nutepatypa)

Lintupana nutepatypa obyxsaTta, no npasuny, 6ubnuorpadpcke nssope (4naHke,
MoHorpadvje 1 cn.) u gaje ce UCKIbY4YMBO Yy 3acebHOM oferbKy unaHka, y Buay nicre
pedepeHumn. PedepeHue ce He npeBode Ha je3auk paga u Habpajajy ce y nocebGHom
oferbKy Ha Kpajy YnaHka.

BojHOTEXHMYKM rNMacHUK, KAao HayvH ucnuca nutepaType, NpuMensyje XapBapAcku
cuctem peddepeHumM, 0OHOCHO XapBapAcku mpupyyHuK 3a ctun (Harvard Referencing
System, Harvard Style Manual).

JlutepaTypa ce o6aBe3HO nuLle Ha nMaTMHUYHOM NMCMy M Habpaja no abeueaHoM
pepocneny, HaBoaehu Hajnpe npe3umeHa aytopa, 6e3 Hymepauyje.

JeTarbHO ynyTCTBO O HayuHy nonuca pedepeHuun, ca npuMmepuma, AaTo je Ha
CTpaHunum cajta Ynymcmeo 3a Xapeapdcku npupy4YHUk 3a cmus. [oTtpebHo je ga ce
nonuc NuTepaType Ha Kpajy YnaHka ypaau y ckrnagy ca noMeHyTUM yryTCTBOM.
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HectangapaHo, HenoTnyHo unu HedocneaHo HaBofewe nuTepaType y cuctemmma
BpedHOBaka Yaconuca cmaTtpa ce [AOBOSbHMM pasfnoroM 3a OcrnopaBake Hay4yHor
cTaTtyca Yaconuca.

Cnctem ACUCTEHT y cBpxy KOHTpOMe MpaBWiHOI ucnuca nucte pedepeHLm
KopucTu cneumjanHy anatky RefFormatter: koHTpona obnmkoBama pedepeHumn y cknagy
ca XapBapACKUM NPUPYYHUKOM 3a CTU.

UsjaBa o ayTopcTBY

Mopen unaHka goctaBrba ce Msjasa 0 aymopcmey Yy KOjoj ayTopu HaBOAEe CBOj
nojeanHayHu JONpUHOC Yy u3paamn vnaHka. Takohe, y Toj usjasm nNoTephyjy Aa cy 4naHak
ypagunu y cknagy ca [lo3usom u ynymcmeoMm aymopuma W M3jagom o emuykom
rnocmynarby vyaconuca.

CBu pagoBu Noanexy CTPYYHOj peLeH3uju.

Cnucak peueH3eHaTa BojHOTEXHWMYKOr rnmacHUKa MOXe ce BMOETU Ha CTpaHuum
cajta Criucak peuyeH3eHama. [lpouec peueH3Mpawa objalweH je Ha CcTpaHuum
cajta PeueH3seHmcKU riocmyrnak.

YpeaHuwTeo
Appeca pepakuuje:
BojHOTEXHWYKM rMacHMK
Berbka Jlykuha Kypjaka 33
11042 beorpag
e-mail: vojnotehnicki.glasnik@mod.gov.rs.
Ten: BojHM 40-260 (011/3603-260), 066/8700-123
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NPUIMALWUEHUE N UHCTPYKLUWUA ANA ABTOPOB O NOPAOKE
NnoaAroToBKU CTATbU

MHCTpyKuMSa Ons aBTOpPOB O nopsigke MOAroTOBKW CTaTbuM K OnybrnvkoBaHuio B
XKypHane «BoeHHO-TeXHWYeckuiA BecTHUK» paspaboTaHa cornacHo PernameHty o
KaTeropusaumMm 1 paHXUpOBaHUM HayuHbIX XypHanoB MuHucTepcTBa o6pasoBaHus,
Haykun 1 TexHonornyeckoro passutus Pecnybnuku Cepbus («Cnyx6eHun rmacHuk PCy», Ne
159/20). TllpumeHeHne aToro PernameHta cnocobCTBYET MOBbLILLEHNIO KavecTBa
OTEYECTBEHHbIX >XypHanoB M Kx Gonee MOMHOMY BOBEYEHUIO B MEXAYHaPOAHYIO
cucTemMy obMeHa Hay4HOWM nHpopmaumen.

BoeHHo-TexHu4Yeckun BecTHUK (Vojnotehnicki glasnik / Military Technical
Courier), BTr.Mo0.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, sBnsietcs
MYyNbTUANCLMMINHAPHBIM Hay4HbIM XypHanoMm MuHucTepcTBa 060pOHbI U BOOpYXEHHbIX
cun Pecnybnukn Cepbus.. B xypHane nybnukyloTCs HaydHble M npodecCuoHarnbHbIe
cTaTbM, wuccrnegywwme Takue ob6nacTy kak: MaTemaTtuka, KOMMbITEPHble Hayku W
MexaHuKka, a Takke 00nacTu  TEeXHONOMMYecKoro  pasBUTUS:  JNEKTPOHWKA,
TenekoMMyHMKaLMKn, MHPOPMALIMOHHbIE TEXHOMOMMW, MaLUMHOCTPOEHWe, maTtepuansl U
XMMUYECKe TeXHOmoruu, B XypHane Takke nybnukyeTcsa: TexHuyeckas MHdopmaums o
COBPEMEHHBIX CUCTEMax BOOPYXEHWS N COBPEMEHHbIX BOEHHbIX TexHomorusx. XXypHan
creavT 3a edVMHON MeXBWOOBOW TEXHWYECKOW MOAAEPKKOW BOOPYXKEHHbIX Cul,
OCHOBaHHOW Ha NPUHLMMNax CUCTEMHOM NOMMCTUKK, 3@ NPUKNAgHLIMU U MIHHOBALMOHHBLIMU
Hay4HbIMW WCCNedOoBaHWsMKM, B TOM 4ucre, B ob6nactu npov3BOACTBA BOOPYXEHUS U
BOEHHOW TeXHWKW. B xypHane nybnuvkyloTcs u npoyne TeopeTudeckue U npaktuyeckue
OOCTWXEHUS, KOTOpble CMNOoCcOoBCTBYIOT MOBLILLEHWIO KBanudukauum npeactaBuTenei
cepbCcKOro, permoHanbHOro U MeXxayHapogHOro akageMmyeckoro coobLecTsa, 0cobeHHO
BOeHHocnyxaLmx MuHuctepctesa O60poHbI 1 BOOpYXEHHBIX cun.

PepakumoHHasi nonuTuka ypHana «BOeHHO-TEXHUYECKMI BECTHUK» OCHOBaHa Ha
pekoMeHaaumsix Komuteta no atuke HayudHbix nybnukaumi (COPE Core Practices), a
TaKkke Ha nydwen npakTuke B Hay4yHO-U3AaTenbCKOW AeATenbHOCTU. «BoeHHo-
TexHM4Yecknin BecTHUK» asnsetcsa uneHom COPE co 2 masa 2018 roga.

MwuHucTepcTBoM 06pa3oBaHUs, HaykM U TEXHOMNOrMYECKoro pas3suTus Pecnybnuvkm
Cepbua ytBepxgeHa 23 pekabps 2021 r. karteropu3aumsi XypHana «BoeHHO-
TEXHUYECKMI BECTHUK» 3a 2021 roa:

— Obnactb KOMNbLIOTEPHbIE HAYKMU:

BbICOKOKaY€CTBEHHbIN HauuoHanbHbIn XypHan (M52),

— O6bnacTb 3NeKTPOHUKU, TENEKOMMYHUKaLUA U MH(POPMALMOHHbIX TEXHOJOMMN:

BbICOKOKaY€CTBEHHbIN HauuoHanbHbIn XypHan (M52),

— ObnacTb MalIMHOCTPOEHMUS:
BeOYLUMI XypHan rocygapCTBeHHOro 3HayveHus (M51),
— O6nacTtb MaTepranoB U XMMUYECKOW TEeXHONOTUN:
BeOYLLMI XypHan rocyaapCcTBeHHOro 3HayeHms (M51).

C nHdbopmaumen oTHOCUTENBHO KaTeropmsaunm 3a 2021 rog MOXHO O3HAaKOMUTBLCSA
Ha CTpaHuue canTa «BoeHHO-TEXHNYECKOro BECTHUKa» Kamezaopu3auyus BecmHuka.

Bonee nogpoGHyt0 WHOpPMaUUO MOXHO HaWTu Ha canTte MwuHucTepcTBa
obpasoBaHus, Haykv 1 TexHonornyeckoro passutus Pecrnybnukn Cepbus.
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C vHopMaumen o kaTeropusauuMnm MOXHO O3HakOMUTbCA M Ha canTe KOBCOH
(KoHcopumym 6nbnuotek Pecnybnuku Cepbusi no Bonpocam 00beAMHEHUS 3aKyMOK).

KaTteropusauna BecTHuka npoBegeHa cornacHo PermameHTy O kaTteropusauun u
PaHXMPOBaHWN  Hay4HbIX ypHanoB MwuHucTepcTBa 00pa3oBaHusl, Haykun U
TexHomnornyeckoro passutusi Pecny6nuku Cepbus («Cnyx6exu rmacHunk PCx», Ne 159/20)

XypHan cooTBeTcTByeT ctaHgapTam Cepbckoro MHAeKca HayyHOro LUTUPOBaHUS
(CUMNHpekc/SCIindeks) — HaykomeTpuyeckor 6asbl  [aHHbIX Hay4YHbIX >KypHaros
Pecny6nukn Cepbus, a Ttakke Poccuiickoro nHaekca HayvHoro umtupoBanus (PUHLL).
XKypHan nocTosHHO noaBepraeTcs MOHWUTOPWHIY W OLIEHWBAETCH KONMYECTBEHHbIMU
HayKOMETPUYECKUMW MNoKasaTensmu, OTPaXaloMMW €ro HayyHyl LEHHOCTb, B T.u.
onocpenoBaHHO B MeXayHapoaHbiX nHaekcax uutuposanus (Clarivate Analytics).

C uHdopmaumen o6 MHAEKCUPOBAHUM MOXHO O3HAKOMWTBLCA Ha CTpaHuue canTa
XypHana UHOekcuposaHue BecmHuka.

«BOEHHO-TEXHNYECKMIA  BECTHUK»  obecneymBaeT uuTaTensm  BO3MOXKHOCTb
OTKpbITOFrO  gocTyna, B  COOTBETCTBMM C  MNOMOXEHUAMM 06  aBTOPCKUX

npasax, yTBepxaéHHbiMn  Creative Commons (CC BY). C wuHcTpykumen o6

aBTOPCKMX MpaBax MOXHO O3HAKOMWUTLCH Ha CTpaHuue Asmopckue rnpasa U Moaumuka
camoapxuguposaHusi, nepenas no ccoinke http://www.vtg.mod.gov.rs/index-ru.html.

Pykonucn ctaten HanpaBnsaoTCcs B pegakumio XXypHana ¢ ucnonb3oBaHvem online
cuctembl ASSISTANT, 3anyweHHon LleHTpom nogaepxu pas3suTus obpasoBaHnsa wm
Hayku (LINPOH).

Pernctpauus B cucteme n odopmiieHne npas [OCTyna BbIMOMHAETCS MO agpecy
http://www.vtg.mod.gov.rs/index-ru.html, yepes ctpanuuy ASSISTANT wnu CUMHOEKC
(aseestant.ceon.rs/index.php/vtg).

C VHCTpyKUuMen no pernctpauumM v npaBaMm JOCTyna MOXHO O3HaKOMUTbCA MO
agpecy http://www.vtg.mod.gov.rsf/index-ru.html, Ha cTpaHuue UHcmpykyuss o
ASSISTANT.

Bce aBTOpbl, mMpepocTaBnslowmMe CBOM pykonucu Ang nybnvkauum B pepakumio
XypHana «BOEHHO-TEXHUWYECKUI BECTHMK»  [AOMKHbI  MPONTU  MpeaBapuUTENbHYH
peructpauuio B peectpe ORCID (Open Researcher and Contributor ID). 9Ta npoueaypa
OCYLLIeCTBNSIETCA B COOTBETCTBMM C WMHCTPYKUMEN, pa3MelleHHON Ha cTpaHuue cawnTa
Peaucmpauyusi 8 peecmpe ORCID dns npuceoeHusi udeHmughukayuoHHO20 Koda.

«BOEHHO-TEXHNYECKNI BECTHUK» MyONMKyeT cTaTby Ha aHrnuMmuckoM sasbike (Arial,
wpndT 11 pt, npoben Single).

lMpouecc noAroToBKM, HanNWCaHUs W PEAaKTUPOBAHWS  CTaTby  [OIDKEH
OCYLLEeCTBNATLCA B COOTBETCTBMM  C  NpuHUMnamu  Omuyeckoeo  KoOekca
(http://lwww.vtg.mod.gov.rs/etichyeskiy-kodyeks.html).

CrtaTbsa pomkHa cogepxaTb pestoMe C KIoYEBbIMU CNOBaMK, BBEAEHUE, OCHOBHYIO
YacTb, BbIBOAb!I M CMIUCOK MCMOMb30BaHHOW nutepaTtypbl (6e3 Hymepaummn 3aronoBKOB U
nopsaronoskoB). O6bEM cTaTbu He OOMKEH npeBbllaTb OAWH aBToOpckun nucT (16
cTpaHuy dopmaTa A4 ¢ npobenom Single).

Cratba gomxHa ObiTb HabpaHa Ha KOMMNbIOTEPE C MCMONb30BaHWEM CrneunanbHO
MOArOTOBMEHHOIO  pefakuuelr MakeTa, KOTOpbIl  MOXHO CkadaTb Ha CTpaHuue
canta lNpasuna u obpasey cocmassieHusi cmamau.

3aronoBokK

3aronoBoK OOMKeH oTpaxaTb TeMy cTaTbW. B uMHTepecax xypHana u aBTopa
HEoBXOAMMO MCMOMb30BaTh CrOBa W CrOBOCOYETaHUs, yaobHble ONnA WHOeKcauunm u
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noucka. Ecnu Takne crnoBa He coaep)kaTcsl B 3arosfioBke, TO XenaTesfibHO UX nobaBuTb B
noa3aroyioBOK.

TeKyLwmii 3aronoBok

TekylwmMin 3aronoBOK MULLIETCA B TUTYMNE KaXOOW CTpaHuubl CTaTbuM C LEnblo
ynpoweHnsa npouecca wuaeHTudUkaummM, B NEpBYD oO4Yepedb KOMUM CTaTben B
3MNEeKTPOHHOM BuAe. 3aronoBoK CoaepXunT B cebe hamunuio 1 nHnuman uMeHn astopa (B
criyyae ecrnv aBTOPOB HECKOSbKO, ocTallbHble 060o3HavalTca ¢ «et al.» unu «u ap.»),
Ha3BaHne paboTbl M XypHanma (rod, TOM, BbIMYCK, HayanbHas W 3aKMlOYUTENbHAs
CTpaHuua). 3arornoBOK cCTaTbM W Ha3BaHWe XypHana MoryT ObiTb npuBeaeHbl B
COKpaLLLeHHOM BUAE.

®PUO aBTOpa

MpuBogaTca nonHasa damunusa 1 NonHoe MMs (Bcex) aBTopoB. XKenaTtenbHo, YTobbl
ObINM yKa3aHbl MHULUManbLl oT4ecTB aBTopoB. Pamunus U nMsa aBTopoB M3 Pecnybnuvku
Cepbus Bcerga nuWyTCS B OPUIMHanNbHOM Buae (C CcepbCckMMU  AMaKpUTUHECKUMMU
3HaKamu), He3aBUCKUMO OT A3blka, Ha KOTOPOM HanucaHa paboTa.

HaunmeHoBaHue yupexaeHus aBTopa (acdpcmnuauyms)

MpuBogutcs nonHoe (odhmumanbHOE) HaMMEHOBaHMe U MeCTOHaxoXaeHue
yypexaeHus, B KOTOPOM paboTaeT aBTop, a TakkKe HaVMEHOBaHue YYpEeXAeHus, B
KOTOPOM aBTOp MPOBEN uccrnegoBaHne. B cnyvae opraHv3aumin Co CrOXHON CTPYKTYpOW
NPUBOANTCA UX Mepapxmyeckast ConoguMHEHHOCTb (Hanp. BoeHHasa akagemus, kadeapa
BOEHHbIX 3MEKTPOHHbIX cuctem, r. benrpan). Mo kpaiHeln mepe, ogHa U3 opraHusauui B
nepapxum [OMKHa UMeTb cTaTyc lopuaudeckoro nuua. B cnyyae ecnu ykasaHo
HeCKONbKO aBTOPOB, M €CMN HEKOTOopble M3 HUX paboTaloT B OAHOM YUPEXOEHWUMN, HYXHO
OTAENbHLIMM 0603HAYEHNAMWU UMN KaKUM-NMBO ApyruM crnocobom ykasaTb B KakoM W3
NPMBEAEHHBIX YyYpexaeHun paboTaeT kaxabi n3 aBTopoB. Addunuaumsa nuwercs
HenocpeactBeHHo nocne OO aBTopa. [JOmKHOCTbL M CreuManbHOCTb MO AUMNSIOMY He
yKa3blBaloTCS.

KoHTaKkTHbIe AaHHble

SJ'IEKTDOHHI:IVI ajpec aBToOpa YyKasblBaldTCA paAgomMm C ero MMeHem Ha nepeon
CTpaHuLbl CTaTbW.

KaTteropwms (Tun) ctatbu

KaTteropusaums ctatben sBnsietca 0653aHHOCTbIO pedakumm m umeet ocoboe
3HayeHue. Kateropuio ctatby MOryT npeanaratb PeLeH3eHTbl U YNeHbl pedakumu, T.e.
pepakTopbl pybpuK, HO OTBETCTBEHHOCTb 3a KaTeropmsauuio HeceT WCKIYUTENbHO
rmaBHbIn pegakTop. CTaTby B XXypHane pacnpefenstorcs no crneayowmum KaTeropusim:

Hay4Hble cTatbm:

— opuruHanbHas HaydHas cTatbs (paboTta, B KOTOpOW NPUBOAATCH paHee
HeonybnvKoBaHHblE pe3ynbTaTbl COOCTBEHHbLIX WCCNEAOBaHWMN, MOMYYEHHbIX HayYHbIM
MeToa0M);

— ob63opHas crTaTes (paboTa, cogepxalliasi OpWUrMHanbHbIA, OeTanbHbli U
KpUTU4Yeckuin ob3op unccrnegyemoin npobrembl Mnv obnactu, B KOTOPbLIN aBTOp BHEC
onpegenéHHbIV BKNaa, BUANMbINA HA OCHOBE aBToUMTaT);

— KkpaTkoe cooblieHne (opurMHanbHasi HaydyHas paboTta nonHoro chopmaTta, HO
MeHbLUero oo6bEmMa unu nveroLasa npeaBapuTenbHbIi XapakTep);
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— Hay4Hasi KpUTudeckas ctatbsi (QUCKYCCUSA-NONIEMMKA Ha ONpPEeAEenEHHYI0 Hay4HYHo
TEMY, OCHOBaHHasi WCKMIOYMTENbHO Ha HayyYyHOW aprymeHtaumvM) W  HayYHbIA
KOMMEHTapum.

OpHako, B HeKOTopbIX 06nacTax 3HaHWM Hay4yHas paboTa B XypHane MoXeT UMeTb
dopmy MOHOrpadn4eckoro nccnefoBaHus, @ Takke KpUTUYECKOro 0bCyXaeHUs Hay4yHOro
martepuarna (MCTOPMKO-apXMBHOIO, NeKcukorpaduyeckoro, bubnunorpaduyeckoro, o63opa
AaHHbIX U T.M.) — A0 CUX NOP HEM3BECTHOTO MM HEAOCTAaTOYHO AOCTYMHOIO AN HAaYYHbIX

nccnenosaHuin. PaboTbl, KnaccudULUMPOBaHHbIE B KAYecTBe Hay4HbIX, AOMKHbI UMETb,
Mo MeHblLel Mepe, ABEe NOMOXUTENbHbIE PELIeH3NN.

B cnyyae ecnu B XypHane o0bABMAKTCA U NPUINOXEHUS, HE UMEIOLLNE HayYHbIN
XapakTep, Hay4Hble CTaTbU OOMKHbI OblTb CrPyNNMPOBaHbI M YETKO BblAENEHbl B NEPBON
yacTu Homepa.

[podeccroHanbHble cTaTbu:

— npodpeccuoHanbHasi pabota (MPUNOXeHWs, B KOTOPbIX MpeanaratTcs OnbiThl,
nonesHble AN COBEPLUEHCTBOBAHUS MpoheccMoHanbHOM MpakTUKM, HO KOTOpble He
DOMXKHbI B 0683aTeNbHOM nopsiake 6bITb 060CHOBaHbI HA HayYHOM METOAE);

— UHOPMaTVBHOE NPUNoXeHne (NnepeaoBas CTaTbs, KOMMEHTapUA 1 T.N.);
— 0630p (KHWMMN, KOMMBIOTEPHOWN NPOrpaMMbl, Criy4asi, Hay4HoOro cobbITust 1 T.1.).

A3blk paboThbI

CtaTtbs AomKkHa ObITb HaNMcaHa Ha aHIMMACKOM A3bIKE.

TexkcT AOJIKeH ObiTb B JIMHIBUCTUYECKOM N CTUIUCTUYECKOM CMbICIE ynopsaao4yeH,
cucTemaTusmpoBaH, 6e3 cokpalleHun (3a ucknYeHnem ctaHaapTHeix). Bee dmnsmyeckne
BENMNYNHbI OOJKHbI COOTBETCTBOBATb Me»myHaponHon cucrteme eguHUL, U3MepeHua —
CW. OuepeaHocTb chopmyn obo3HavaeTcs NopsAAKOBbIMU HOMEpPaMu, MPOCTaBIAEMbIMA C
npaBol CTOPOHbI B KPYrIbiX CKOBKax.

Pestome

Pesiome dABnfeTca KpaTkuMm MHGOPMaTUBHBIM OB30pOM COAEPXKaHWUSA CTaTbM,
obecneyvBaoWwmM YuTaTento ObICTPOTY M TOYHOCTb OLEHKM €€ peneBaHTHOCTW. B
MHTepecax pefakuMm W aBTOPOB, 4TOObI pes3loMe CcodepXano TepMWHbl, 4acTo
ncnonb3yemble M5 MHAEKCMPOBaHMA 1 noucka ctateen. CocTaBHbIMM YacTAMU pesiome
ABMSATCS BBeAeHve/uenb UccrefoBaHns, Metoabl, pesynbTaTbl U BbiIBOAbl. B pesiome
JomkHO ObiTb OoT 100 go 250 croB, M OHO [OOIMPKHO HaxXOAUTCA MeXay TUTyramu
(saronoBok, PO aBTOPOB M Ap.) U KIOYEBBIMU CIIOBaMu, 32 KOTOPbLIMU CreayeT TeKCT
cTaTbu.

KnioueBble cnoBa

KnioueBbiMr  crioBamu  SBASIOTCS  TE€PMUHbI  unnM ppasbl,  ageksBaTHO
npeacTaBngalolmMe cogepxaHwe ctatbu, Heobxoaumble ONA MHOEKCMPOBAHUS W MOWCKa.
KnioueBble croBa HeoOXxoAMMO BbiIOMpaTb, OMMpascb MpuM 3TOM Ha Kakom-nubo
MeXOyHapOAHbI UCTOYHMK (perncTp, crnoBapb, Tesaypyc), Hanboree nCnonb3yembin
BHYTPY [LaHHOW HayyHoW obracTtu. Yucno knoyveBbIX CNoB He MoxeT npesblwaTe 10. B
MHTepecax pedakuuy 1 aBTOpoB, YTOObI YacToTa UX BCTPeYM B cTaTbe Obina kak MOXHO
6onbLen. B ctaTbe OHU NULLYTCA HENOCPEACTBEHHO MNocre pesiomMe.

Mporpamma ASSISTANT npegocTtaBnsieT BO3MOXHOCTb MCMOMb30BaHUSA cepBuUca
KWASS, aBTomaTtuuyecku hMKCUPYIOLLIErO KITHoYeBble CoBa M3 UCTOYHUKOB/CNOBapew no
BbIOOpY aBTOpa/pedakTopa.
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HaTa nony4yeHus crtatbu

[lata, Korga pefakuus Monyyuna craTtblo; daTta, Korga pefakumsi OKOHYaTerlbHO
npuHana crtatblo K nybnukauun; a Takke parta, korga Obinu  npeaocTaBneHsbl
HeoGXoaUMbIE UCMPAaBIIEHNS] PYKOMUCHK, NMPUBOASATCA B XPOHOSOMMYECKOM Mopsiake, Kak
npaBuno, B KOHLIE CTaTbM.

BbipaxeHue 6narogapHocTu

HanmeHoBaHue n HOMep NpoekTa, T.e. Ha3BaHWe nMporpaMmbl 6narogapsi KOTOpon
CTaTbsl BO3HMKNA, COBMECTHO C HAUMEHOBAHMEM YUPEXAEeHUS, KOTOpoe MHaHCMpoBarno
NPOEKT UnM nporpaMMy, NPUBOASTCA B OTAENbHOM MPUMEYaHUW, Kak NpaBuno, BHU3Y
NepBON CTpaHMWLbl CTaTbMy.

Mpeabiaywme Bepcum pabotnbl

B cnyyae ecnn crtatbs B npeabigylien Bepcun Obina M3noxeHa YCTHO (MOA
OOMHAKOBBIM UMM MOXOXMM HasBaHWEM, Hanpumep, B BWAe AOKNaga Ha HayyHoW
KOHdepeHunn), cBefeHnss 06 9TOM AOMKHbl ObiTb yKa3aHbl B OTAEMbHOM MpUMeYaHuu,
KaKk npasBuno, BHW3y MEepBOM CTpaHuubl cTatbn. PaboTa, koTopas yxe 6bina
onybnukoBaHa B KakoM-nnbo M3 XypHamnoB, He MoxeT OblTb HamevataHa B «BoeHHo-
TEXHUYECKOM BECTHUKE>» HU MO NOXOXMM Ha3BaHMEM, HN B U3BMEHEHHOM BUAE.

Hymepauus n Ha3BaHue Tabnuu u rpadukoB

XenatenbHo, 4TOObI Hymepauus W HasBaHue Tabnuy u rpadumkoB Oblnn
WCMOMHEHbl Ha [ABYX A3blkax (Ha A3blke OpUrMHana W Ha aHrmuinckom). Tabnuubl
NoAMMCHIBAIOTCA TaKMM e crnocobom Kak M TekCT M 0bo3HavaloTcs MopsLKOBbIM
HOMEPOM C BepxHew CTOpOHbl. doTorpacdum U PUCYHKU [AOMKHbI ObiTb MOHATHBI,
HarnagHbl M yaoGHbl Ana penpoaykuun. PucyHkn Heobxogumo Aenatb B nporpammax
Word unu Corel. ®oTorpadmm n pucyHkM Hago NOCTaBUTb Ha Kenaemoe MeCTo B TEeKCTe.
Ona co3paHna m3obpaxeHnin n rpaduKoB UCMONb30BaHME (OYHKLMU CHUMKA C 3KpaHa
(ckpuHWOTa) He ponyckaeTcd. B camom TekcTe craTby pekomeHOyeTcs MNpuMeHeHue
nsobpaxeHuin n rpacukos, 06paboTaHHbIX TaKUMKU KOMMbIOTEPHBLIMW NPOrpaMMamu, Kak:
Excel, Matlab, Origin, SigmaPlot n gp.

CcbIKu (UMTMPOBaHWE) B TEKCTE

OdbopmneHne CCbIIOK Ha WCTOMHWMKM B paMKax CcraTbW [OOMMKHO  ObITb
ofHo0o6pa3sHbiM. «BOEHHO-TEXHUYECKMI BECTHUK» Ansi 0POPMIIEHMS CCbINOK, LMTaT U
cnucka MCMonb3oBaHHOM nuTepaTypbl NpuMeHsieT [apBapackyto cuctemy (Harvard
Referencing System, Harvard Style Manual). B TekcTe B ckobkax npuBoautcst hamunums
unTUpyemoro astopa (Mnv chamunua nepBoro aBTopa, eCnvM aBTOPOB HECKONbKO), rof
n3gaHvsa 1 nNo HeobxoaumocTn Homep cTpaHuusl. Hanpumep: (Petrovic, 2010, pp.10-20).
PekxomeHpaumm o cnocobe uUMTUPOBaHWS pasMeLLeHbl Ha CTpaHuue canTta MHempykyus
no ucnonb3oeaHuto apsapdckoeo cmuns. MNMpu oopMneHnn CCbInok, LMTaT U Cnmcka
MCMOMb30BaHHON NUTepaTypbl HEOOXOAMMO NPUAEPKMUBATECH YCTAHOBIIEHHBIX HOPM.
Mporpamma  ASSISTANT  npegoctaBnsieT nNpu  UUTUPOBAHMM  BO3MOXHOCTb
ncnonb3oBaHus cepsuca CiteMatcher, dukcupytowero nponyLleHHble uitatel B pabote
1 B CNnCKe nutepaTtypsbl.

MpumeyaHus (CHOCKK)

MprMeyvaHust (CHOCKM) K TEKCTY YKa3blBalOTCS BHW3Y CTpaHuubl, K KOTOPOW OHU
oTHocsiTcs. lNpumevaHusi MOryT cofepaTb MeHee BaxHble AeTanu, AOMONHUTENbHbIE
06bsICHEHUSs!, yKka3aHUsi 06 MCMOMb30BaHHbLIX MCTOYHMKAX (Hamp. HayYyHoOM MaTtepuarne,
CNpaBOYHMKaX), HO HE MOTYT BbITb 3aMeHOW NpoLeaypbl LUTUPOBaHUS NUTEpaTypsbl.
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Nurepatypa (pecepeHunn)

LintuposaHHon nuTepaTypomn oxBaTblBalOTCH, Kak npaswuno, Takve
Bubnuorpadmyeckne MCTOYHMKM Kak cTaTbu, MoHorpadum u T.n. Bca mncnonbsyemas
nuTepaTypa B Buae pedepeHumin pasmeLlaeTca B OTAENbHOM pasaene ctaTbi.

HasBaHus nuTepaTypHbIX MICTOYHMKOB HE MEPEBOASTCA Ha A3bIK paboThl.

«BOEHHO-TEXHNYECKNI BECTHUK» [AONns OOPMIIEHMS CNUCKa MUCMONb30BaHHOMN
nutepatypbl npumeHsieT [apBappackyto cuctemy (Harvard Style Manual). B cnucke
nuTepaTypbl UCTOYHMKKN YKasbiBalOTCA B andaBuUTHOM nopsgke damMunuin aBTopoB Unn
pepakTopoB. PekomeHgaumm o cnocobe LUTMPOBaHMA pa3MeLLeHbl Ha CTpaHuue canta
UHecmpykyusi no ucrnionb3oeaHuro [apeapdckozo cmusns. [pu odopmneHMn cnuvcka
NCMNONb30BaHHOW NMTepaTypbl HEOOXOAMMO NPUAEPKMBATLCS YCTAHOBIEHHBIX HOPM.

Mpu odopmneHun cnucka nutepatypbl nporpamma ASSISTANT npepocraBnsiet
BO3MOXHOCTb WCMONb30BaHMsA cepBuca RefFormatter, ocyllecTBRAWOLWErO KOHTPOIb
odopMIeHMs cnvcka nuTepaTypbl B COOTBETCTBMM CO CTaHgapTamu [apBapackoro
cTUns.

HecTtanpgapTHoe, HenomnHoe u HenocnefoBaTenbHOE NPUBEAEHVEe nuTepaTypbl B
CMCTEMax OLEHKM XypHamna cuuTaeTcs [OCTaTOYHOM MPUYMHON AfA  OCnapyBaHus
Hay4HOro craTtyca XypHana.

ABTOpCKOe 3asBneHne

ABTOpCKOE 3asiBNeHWe npegocTaBnsieTCss BMeCTe CO CTaTbel, B HEM aBTOpbl
3adBN4Ai0T O CBOEeM JIM4YHOM BKnage B HanucaHuwe CcTaTbMu. B 3asBneHuun aBTOpbI
noaTBepXOaloT, 4YTO CTaTbs HanucaHa B cooTBeTCTBUM € [lpuenaweHuem U
uHcmpykyusamu 0ns aemopos, a Takke c Kodekcom rnipogheccuoHanbHOU 3muku
XKypHana.

Bce pykonucu cTaTen noanexar npod)eccuouanbl-lomy peueH3npoBaHUIO.

CnnCOK peLeH3eHTOB >XypHana «BOEeHHO-TEXHWYECKUI BECTHWK» pasMeLllEéH Ha
cTpanuue canta Criucok peuyeH3eHmos. [pouecc peLeH3npoBaHMs onvcaH B pasgerne

lpasuna peuyeH3uposaHusi.

Pepakuus
MouToBbLIV agpec pegakuun:
«BOjHOTEXHMYKM rMacHNK»
yn. Benbka Jlyknya Kypsika 33
11042 benrpag, Pecnybnvka 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.mMo0.ynp.cp6, ISSN 0042-8469 — print issue,
e-ISSN 2217-4753 - online, UDC 623+355/359, DOI: 10.5937/VojnotehnickiGlasnik;
https://doi.org/10.5937/VojnotehnickiGlasnik) is 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 2021, on December 23,
2021

—on the list of periodicals for computer sciences,

category: quality national journal (M52),

—on the list of periodicals for electronics, telecommunications and IT,

category: quality national journal (M52),

—on the list of periodicals for mechanical engineering,
category: reputed national journal (M51),

—on the list of periodicals for materials and chemical technology,
category: reputed national journal (M51).

The approved lists of national periodicals for the year 2021 can be viewed on the
website of the Military Technical Courier, page Journal categorization.

More detailed information can be found on the website of the Ministry of Education,
Science and Technological Development of the Republic of Serbia.

The information on the categorization can be also found on the website of KOBSON
(Consortium of Libraries of Serbia for Unified Acquisition).

The periodical is categorized in compliance with the Regulations on categorization
and ranking of scientific journals of the Ministry of Education, Science and Technological
Development of the Republic of Serbia (Official Gazette of the Republic of Serbia, No

229

POZIV | UPUTSTVO AUTORIMA / IPUMTAWEHUVE U MHCTPYKUNA ANA ABTOPOB PABOT / CALL FOR PAPERS, pp.217-233



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2022, Vol. 70, Issue 1

159/20). More detailed information can be found on the website of the Ministry of
Education, Science and Technological Development.

The journal is in the Serbian Citation Index — SCindex (data base of national
scientific journals), in the Russian Index of Science Citation/Poccuiickuii nHgekc
HayyHoro uutmpoBanusa (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
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).

230




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.)
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
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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.

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
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citing, with examples, can be found on Military Technical Courier website on the page
Instructions for Harvard Style Manual. In-text citations should follow its guidelines.

For checking in-text citations, the ASSISTANT system uses a special tool
CiteMatcher to find out quotes left out within papers and in reference lists.

Footnotes
Footnotes are given at the bottom of the page with the text they refer to. They can

contain less relevant details, additional explanations or used sources (e.g. scientific
material, manuals). They cannot replace the cited literature.

Reference list (Literature)

The cited literature encompasses bibliographic sources such as articles and
monographs and is given in a separate section in a form of a reference list.

References are not translated to the language of the article.

In compiling the reference list and bibliography, the Military Technical Courier
applies the Harvard System — Harvard Style Manual. All bibliography items should be
listed alphabetically by author's name, without numeration. A detailed guide for listing
references, with examples, can be found on Military Technical Courier website on the
page Instructions for Harvard Style Manual. Reference lists at the end of papers should
follow its guidelines.

In journal evaluation systems, non-standard, insufficient or inconsequent citation is
considered to be a sufficient cause for denying the scientific status to a journal.

Authorship Statement

The Authorship statement, submitted together with the paper, states authors’
individual contributions to the creation of the paper. In this statement, the authors also
confirm that they followed the guidelines given in the Call for papers and the Publication
ethics and malpractice statement of the journal.

All articles are peer reviewed.

The list of referees of the Military Technical Courier can be viewed at website
page List of referees. The article review process is described on the Peer Review
Process page of the website.

Editorial Team

Address of the Editorial Office:

Vojnotehnicki glasnik / Military Technical Courier
Veljka Luki¢a Kurjaka 33

11042 Belgrade, Republic of Serbia

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

tel.: +381 11 3603 260, +381 66 8700 123
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OBABELWUTEHA CAPAOHNLIMMA U HYATAOLIMMA
COOBLUEHNA ONA ABTOPOB U YATATENEW
INFORMATION FOR CONTRIBUTORS AND READERS

MMWHUCTaApCTBO NPOCBETE, HAayKe N TEXHOSOLLKOr pa3Boja
Peny6nuke Cpbunje objaBuno kateropusaunjy
,BOJHOTEXHMYKOr rnacHuka” 3a 2021. roguHy

MuHUCTapCcTBO MNpocBeTe, Hayke W TExXHOMOWKOr pasBoja Penybnuke
Cpbuje, carnacHo [lpaBunHWKY O KaTeropusaumju 1 paHrmpawy Hay4HuX
yaconuca (,CnyxbeHn rnacHuk PC”, 6poj 159/20), ytBpamno je gaHa 23. 12.
2021. roguHe kaTeropusauujy ,BojHoTexHuykor rmacHuka” 3a 2021. roguHy:

Ha INCTM Yaconuca 3a pavyyHapcKe Hayke:

KaTeropuja UCTakHyT1 HauuoHarnHu Yaconuc (M52),

— Ha JIMCTU Yacomnuca 3a eNieKTPOHUKY, TerleKOMyHuKauuje wu
MHcopmaLMoHe TexHonoruje:

KaTeropuja UCTakHyT1 HauuoHarnHu Yaconuc (M52),

— Ha nucTM Yaconuca 3a MalWuHCTBO:
KaTeropuja BPXyHCKM Yaconuc HaumoHanHor 3Havaja (M51),

— Ha NMCTM Yaconuca 3a Mmartepujane M XeMujcKe TexHosoruje:
KaTeropmja BpXyHCKM 4aconuc HaumoHanHor 3Ha4vaja (M51).

YcBojeHe nucte gomahux yaconuca 3a 2021. roguMHy Mory ce BUMAETU Ha
cTpaHuuu cajta Kameeopusayuja Y4aconuca
(http://www.vtg.mod.gov.rs/kategorizacija-casopisa.html).

HetarbHuje mHdopmauuje mory ce npoHahm u Ha cajty MuHuctapcTBa
NpPOCBETE, HAayke U TexXHosnoLKor pa3soja Penybnvke Cpbuje
(https://mpn.gov.rs/nauka/nauka-i-istrazivanje-u-srbiji/lkategorizacija-naucnih-
casopisa/).

MwuHncTepcTBO 06pas3oBaHUA, HayKn N TEXHONOMMYECKOro
pa3sutusa Pecnybnunkn Cepbus yTBepanno kateropmsaumto
XypHana «BoeHHo-TexHn4yecknin BeCTHUK» 3a 2021 rog

MuHucTepcTBOM 00Opa3oBaHUsi, Haykm W TEXHOSOrMYEecKoro pasBuTUA
Pecnybnuku Cepbus, cornacHo PernameHTy 0 KaTeropmsauny 1 paHXupoBaHum
HayuHbIX XypHanoB («Cniyx6enn rmacHuk PCy», Ne 159/20), ytBepxaeHa 23
aekabpsi 2021 r. kateropmsauus xypHana «BoeHHO-TEXHMYECKMI BECTHUK» 3a
2021 roa:
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O6nacTb KOMNbIOTEPHbIE HayKM:

BbICOKOKAY€CTBEHHbI HauMoHanbHbIN XypHan (M52),

— O6nacTb 3NMEKTPOHUKU, TeNNEKOMMYHUKaLUN U UH(OPMaLIMOHHbIX
TEXHOJIOTMN:

BbICOKOKa4YeCTBEHHbI HaLMoHanbHbIN xypHan (M52),

— O6nactb MalWMHOCTPOEHMUS:
BeAYLLNI XXypHan rocygapcTBeHHoro 3HayeHus (M51),

— O6nacTtb matepmanoB U XMMUYE€CKOW TEXHONOIUN:
BEAYLLMIA XypHarn rocygapcTBeHHOro aHadeHus (M51).

C uHdopmaumen o kateropusauum 3a 2021 rog MOXHO O3HAKOMUTLCS Ha
CTpaHuue Kamezaopu3sauyusi eecmHuka
(http://www.vtg.mod.gov.rs/kategorizacia-vestnika.html).

Bonee nogpobHO ¢ uWHOPMAUMEN MOXHO O3HAKOMUTLCA Ha canTe
MwuHncTepcTBa 06pa3oBaHunst, HAYKU U TEXHONOrMYEeCKoro passutus Pecnybnukm
Cepbus (https://mpn.gov.rs/nauka/nauka-i-istrazivanje-u-srbiji/kategorizacija-
naucnih-casopisa/).

Ministry of Education, Science and Technological
Development of the Republic of Serbia classified
the Military Technical Courier for the year 2021

Pursuant to the Regulations on categorization and ranking of scientific
journals (Official Gazette of the Republic of Serbia, No 159/20), the Ministry of
Education, Science and Technological Development of the Republic of Serbia
classified the Military Technical Courier for the year 2021, on December 23, 2021

— on thelist of periodicals for computer sciences,

category: quality national journal (M52),

— onthelist of periodicals for electronics, telecommunications and IT,
category: quality national journal (M52),

— on thelist of periodicals for mechanical engineering,
category: reputed national journal (M51),

— on the list of periodicals for materials and chemical technology,
category: reputed national journal (M51).

The approved lists of national periodicals for the year 2021 can be viewed
on the web page Journal categorization (http://www.vtg.mod.gov.rs/journal-
categorisation-1.html).

More detailed information can be found on the website of the Ministry of
Education, Science and Technological Development of the Republic of Serbia
(https://mpn.gov.rs/nauka/nauka-i-istrazivanje-u-srbiji’lkategorizacija-naucnih-
casopisa/).
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npesume MHTEepecoBak-a)
Ba3ayLHW caobpahaj,
cucTemcka KoOHTpona;
Cnaswvwa W. aﬁgxi“ﬁ;gg;ﬁﬁ;a; https://orcid.org/0000- nhttps://publonslCom/aj1604
Bnauuh i ’ 0001-9336-0512 062
MOpPHapu4kmM 6opGeHn n
HaBWUraLMoOHN CUCTEMMU;
cumynaumja
npMMeH-eHa MexaHuka,
OparoreyG A. | o https:/orcid.org/0000- ~ (Elhttps://publons.com/a/1627
Byjuh 0001-6999-6828 346

cucTtemun ogpxasama
TEXHUYKUX cuctema

MHOPMaLMOHN
Visan 6. Bynvih cucTemMu, reorpadpckm https://orcid.org/0000- nhttps://publons.com/a/lGOG
' MHopMaLVoHN 0002-5161-5422 268
cucTeMm
reorpadwja,
JTby6omup J V]Hr(?)c('))g):ila((l)ﬂHM https://orcid.org/0000-0002- nhttps;//publons.com/a[]_4]_8
lvrosuh 8388-3624 283
cucTeMm, reonpocTopHa
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Mwupo J. https://orcid.org/0000-  [llhttps://publons.com/a/1539
[oBepapuua reouHgpopmaTmka 0003-1698-0800 peip 597

lopan [. Oukuh

cucTemMu ayToMaTcKor
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https://orcid.org/0000-
0002-0858-1415

nhttps://publons.com/a11634
756
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eHepreTcka
CHexaHa M. Mamemfgrnggg;’apHa https://orcid.org/0000- nhttps://publons.com/a/1604
Hparnhesunh - 0002-6244-0111 121
eHepruja,
TEPMOUHXEHEPUHT
Yepomup B. MOTOpU, MOTOpPHa https://orcid.org/0000- nhttps://publons.com/a/1627
[y6oka BO3una 0003-2944-2278 827
npouecu u metoge y
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BobaH [. TpaHCnopTy, https://orcid.org/0000- nhttps://publons.com/a/1633
hoposuh TpaHCnopTHE Mpexe, 0001-8133-2389 020
opraHusaumja
TpaHcnopTa
Bnapo M. npmmek:s;foanzxawka https://orcid.org/0000-  ([Blhttps://publons.com/a/1622
ypkosuh 0002-5064-4117 194

aedopmabunHor Tena

OejaH P. NHAuh

TakTuka ABX cnyxb6e,
opyje 3a MacoBHO
YHULLITaBakE,
Tepopusam opyxjeM 3a
MacoBHO YHULLITaBak€,
HYKIeapHU 1 XeMmjcku
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https://orcid.org/0000-
0001-9111-0472

nhttps://publons.com/a/1616
130
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nhttps://publons.com/a/1596
778

Bnagumup A.
KaTtuh

eHepreTcka
eneKTpoHuKa,
eneKkTpuyHe MaLlumHe,
€I1eKTPOMOTOPHMN
MOroHu, KBanuteT
eneKkTpuyHe eHepruje,
0BHOBILMBM M3BOPU
ernekTpuyHe eHepruje

https://orcid.org/0000-
0002-0138-8807
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3awTnTa nogartaka
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https://orcid.org/0000-
0002-5161-5422

nhttps://publons.com/a/1606
268

TNoBommp W.
vrosuny

reorpadwmsi,
reorpaduyeckas
MNHMOPMaLUMOHHas
cuctema,
reonpocTPaHCTBEHHbIN
aHanu3

https://orcid.org/0000-
0002-8388-3624

nhttps://publons.com/a/1418
283

Mwupo W.
loBegapuua

reovHgopmaTtuka

https://orcid.org/0000-
0003-1698-0800

nhttps://publons.com/aJ1539
597

Bo6aH [.
[xoposuy

TPaHCMOPTHLIE NPOLECChI
U MeTofbl,
TPaHCMOPTHLIE CETU,
OpraHu3aums TpaHCnopTa

https://orcid.org/0000-
0001-8133-2389

nhttps://publons.com/a/1633
020

Bnapgo IM.
[hxypkoBuY

npuvKnagHas MexaHuka
TBepabIX 1
AedopmmpyeMbix Ten

https://orcid.org/0000-
0002-5064-4117

mhttps://publons.com/a/1622
194

lopaH .
Ouvkny

cucTeMsbl
aBTOMaTUYECKOTO
ynpaeneHus,
NpULEsMBaHs, CUCTEMbI
HaBefeHus 1
TeneynpaeneHus paket

https://orcid.org/0000-
0002-0858-1415

nhttps://publons.com/a/1634
756

CHexaHa M.
HparnueBny

9HeproadeKTUBHOCTb,
MaLLMHOCTPOEHME,
CONHeYHas aHeprus,
TennoTexHuka
TEepPMOUHXeHepusi

https://orcid.org/0000-
0002-6244-0111

nhttps://publons.com/all604
121
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(o17[e)

O6nacTu Hay4YHoW
AeATEeNIbHOCTU

ORCID iD

nPublons identifier

Yepomup B.
[y6oka

aBuratenu, aBTomoounm

https://orcid.org/0000-
0003-2944-2278

nhttps://publons.com/a/1627
827

Oamup 0.

EpkoBuy

BOOPY>XEHMWE, YNCTIEHHbIN
aHanus, CFD
BblYMCUTENBbHAsA
rMapoavHamuka,
BHELLHSAs 6annmcTuka,
Gannuctuka,
TepMUHasbHas
OannucTuka,
VHTErpmMpoBaHme
BOOPYXKEHUSI

https://orcid.org/0000-
0001-5182-7057

nhttps://publons.com/all500
127

OesH P.
NHoKmny

TaKTUKa siaepHo-
XMMUYECKOMN
Ouronornyeckon 3awmTbl,
Oopy>X1ne MaccoBoro
YHUUTOXEHUS,
TEPPOPU3M C OPYXKNEM

https://orcid.org/0000-
0001-9111-0472

nhttps://publons.com/a/lGlG
130

Bopwuwa XK.
VosaHoBMY

MH(OPMaLMNOHHbIEe
TexHosormu,
nporpaMMHas
NHXeHepus,
6e3onacHoCTb
KOMMbIOTEPHBIX CUCTEM,
KOMMbIOTEPHbIE CETU

https://orcid.org/0000-
0002-9353-724X

mhttps://publons.com/a/3851
268

Mwurap T.
NouaHoBuy

Tpubonorusi n Teopust
CMa3ku, TeXHUYeckoe
obcnyxuBaHue
TEXHOMOMMYECKNX
cuCTeM, rmapaBnMyeckmx
cucTem

https://orcid.org/0000-
0003-1088-5028

nhttps://publons.com/a/1596
778

Brnagumup A.
KaTtuy

CUNOBasi ANEKTPOHWKA,
3neKTpu4eckne MalluHbl,
lanekTpuYeckue nNpmBoabl,

Ka4yecTBo
3MNEKTPOIHEPrUM,
BO306HOBMsIEMbIE
MCTOYHUKM 3HEpruu

https://orcid.org/0000-
0002-0138-8807

nhttps://publons.com/a/1318
533

Mwupko C.
Kosuny

MexaHuKa XUOKoCcTen,
BblYMCAUTENBbHAsA
OVUHAMUKA KUOKOCTEN,
aspoanHamuyeckme
Harpysku

https://orcid.org/0000-
0002-7287-0780

nhttps://publons.com/a/1627
334

KomneH I
Nanoswny

MH(OPMaLMOHHbIE
TexHonornu,
nporpaMMupoBaHue,
3awmTa AaHHbIX

https://orcid.org/0000-
0002-4590-2185

mhttps://publons.com/a/lGlO
913

Mapus 3.
ManHnap

SNEeKTPOTEeEXHUKA,
TeneKkoMMyHUKaunum

https://orcid.org/0000-
0003-1416-8253

nhttps://publons.com/a/3269
205

3opaH [x.
MwunbkoBuKY

TexHonorus
Npou3BOACTBA, MPOLECCHI
06paboTkum,
poBOTOTEXHNKE,

https://orcid.org/0000-
0001-9706-6134

nhttps://publons.com/a/l410
489
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(o17[e)

O6nacTu Hay4YHoW
AeATEeNIbHOCTU

ORCID iD

nPublons identifier

NCKYCCTBEHHBbI
WHTENNeKT, aBTOHOMHbIE
CMCTEMbI U MaLUVMHHOE
obyueHue,
NCKYCCTBEHHbIE
HeWpOHHbIE CeTH,
VHTEnneKTyanbHble
NPOV3BOACTBEHHbIE
CUCTEeMbI 1 NPOLLECCHI,
MPUHSTWE PELLIEHUI

Hapguua C.
Mwunkosuy

obpaboTka
GroMeaNLMHCKMX
CUrHamnoB, 3NeKTPOHHOEe
3QpaBoOXpaHeHue,
3MEKTPOTEXHMKA,
6uomeanuUMHCKas
NHXeHepus,
anekTpodmamonorus

https://orcid.org/0000-
0002-3933-6076

nhttps://publons.com/a/1628
814

CpaxaH T.
MuTpoBuy

MOGWIbHBIE POBOTHI,
yrnpaereHve B peanbHOM
BpEMEHW, HeYeTkast
noruka, HeyeTkoe
yrpaBnexuve,
MWKPOMNPOLECCOPHbIE
CUCTEMbI, yNpaBneHve
cMcTeMamMy aBTOMaTUKH,
anropuTMbl HaBurauum
TpaHcnopTa,
HaBUrauMoHHbIE CUCTEMBI
Ans cyaos n 6oeBoro
TpaHcnopTa

https://orcid.org/0000-
0002-1287-2792

nhttps://publons.com/a/1467
408

OesH M.
MwuukoBuy

KOHCTPYKLWSI
Krnaccu4eckoro
KOHBEHLMOHaNbHOro
BOOPYXEHUS,
aBTOMaTHNYECKOE OpYyXUe,
BHYTPEHHsisi Gannmctuka

Oparan, O.
MnageHoBu4

MNHMOPMaLUMOHHas
6e3onacHoCTb,
Knbepbe3onacHoCTb,
Knbep-KoHNUKT,
Knbep-BonHa,
MH(OPMaLMOHHbIE
TexHomnoruu,
MeXayHapogHoe MpaBo

https://orcid.org/0000-
0003-4530-633X

nhttps://publons.com/a/1604
465

Bob6aH 3.
Masnosuy

TeNeKoMMYHVKaLMOHHbIe
ceTu, Ka4yecTBO
obcnyxumBaHus,

TENekoMMYHUKaLMOHHBIV

Tpaduk

https://orcid.org/0000-
0002-5476-7894

nhttps://pubIons.com/a/lGOG
407

CpeTeH P.
Mepuy

MaLUNHOCTPOEeHne

https://orcid.org/0000-
0002-7270-5187

nhttps://pubIons.com/a/lGZO
400
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Mwpocnas B. KOMnbloTepHas https://orcid.org/0000- nhttps://publons.com/a/1558

Monosuy MHXeHepus 0002-1118-6491 230
tOrocnas P. 6oenpunacei, https://orcid.org/0000- nhttps://publons.com/a/lGll

Pagynosuy | MEHEO)KMEHT, Ka4ecTBO 0002-4003-7209 389
https://orcid.org/0000- |[Ellhttps://publons.com/a/1716

Haem Canem maTtematvka 0002-1485-6163 462

TexXHu4eckoe
obcnyxuBaHue,

Bnapa C.
CokonoBuy

TexHu4eckasi nogaepxka,
VNHTErPUPOBaHHbIE
HaBUrauMoHHbIe
cuctembl, GPS, GNSS,
CMYTHUKOBbIE CUCTEMBI,
norucTvka

https://orcid.org/0000-
0003-0782-0506

mhttps://publons.com/a/1559
198

Jobuwa K.
TaHumy

BHYTPEHHsIA 6annmcTuka,
BOOpPYKeHWe

https://orcid.org/0000-
0003-1242-9333

mhttps://publons.com/a11623
091

MBaH A. ToTt

0asbl AaHHbIX,
MH(OPMaLMOHHbIE
CUCTEMBI, 3almuTa
MHOPMALMOHHBIX
cucTem

https://orcid.org/0000-
0002-5862-9042

nhttps://publons.com/a/1558
155

Obpag T.
Yabapkana

NpoMbILWNeHHaa
COOCTBEHHOCTb, 3awuta
WHTENNeKTyanbHon n
NPOMBILLIIEHHON
cobCTBEHHOCTH,
naTeHTHas 3awuTa,
ynpasneHue npoekTamu,
MaLUMHOCTPOEHME,
BOOPYXXEHUE,
ynpasfeHne nNpoekTamu

https://orcid.org/0000-
0002-3949-8227

nhttps://publons.com/a/1600
393

Hapa M.
YurakoBmy

cdusmka

https://orcid.org/0000-
0003-2813-2323

nhttps://publons.com/a/lGOl
584

Tomucnas b.
Lllekapa

ynpasneHue
npoteccamu,
onTumarnbHble
NMPOMBILLINIEHHbIE
perynstopsl,
AvckpeTusaums n
obpaboTka curHanos,
CeHcopbl
1 aKTyaTopbl,
KOMMeHcaumsi
3NEKTPO3HEPrnn B
3NEKTPOIHEPreTUHECKUX
cuctemax

https://orcid.org/0000-
0001-8031-3135

mhttps://publons.com/a/1596
795

[opaH IM.
WMy

MHOPMAaLMOHHbIE
cucTeMbl, UHoOpMaTyKa,
nporpaMMupoBaHue,
0a3bl AaHHbIX,
VNCKYCCTBEHHBIN
VHTeNneKkT

https://orcid.org/0000-
0002-7563-699X

nhttps://publons.com/a/lGOO
386
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Scientific research

initial and competence area ORCID iD Elrubions identifier
surname
Marko D. i https://orcid.org/0000- .
Andrejic logistics 0002-6753-9786 mhttps.//pub;c;r;s.com/a/lSQ?
Sy . . https://orcid.org/0000- nhtt ://publ /a/1604
I t t ps://publons.com
Milo$ Z. Arsi¢ ogistics managemen 0001-7853-0819 21
Dorde B. alg;:éil]zttg/p;l%gy, https://orcid.org/0000- mhttps://publons.com/a/3574
Barali¢ 0003-2836-7958 650

combinatorics

Sasa T. Bakra¢

environmental protection,
environmental risk
assessment, eco-
management

https://orcid.org/0000-
0003-0211-3765

mhttps://publons.com/a11597
282

Vojislav J. general mechanical https://orcid.org/0000- nhttps://publons.com/a/1643
Batini¢ engineering constructions 0001-6786-7846 029
Dragana business information
Bedejski- systems, business https://orcid.org/0000- nhttps://publons.com/a/1623
Vuiakliia intelligence, ERP, IT 0002-9615-3620 502
12Kl management
geodetic engineering,
geomatics, geographic
Mirko A. |nformtaet|rcr>érl1ins;r/sg%r2|ss, digital https://orcid.org/0000- nhttps://publons.com/a/1613
Borisov ’ 0002-7234-6372 254
cartography, geodesy,
multimedia cartography,
web mapping
lti-criteria decisi
Darko . mutt C&gﬂi?\g ecision https://orcid.org/0000- ﬂhttps://publons.com/
Bozani¢ management in defense 0002-9657-0889 a/1524010
operational research, mass
Ugljesa S. semca;&gtr?;:rrl\gglogy ~ | Phttps://orcid.org/0000- |Elhttps://publons.com/a/1596
Bugari¢ . ' 0003-2459-2656 666
transportation and storage
systems
industrial property,
protection of intellectual
and industrial property, . .
Obrad T. ; h https://orcid.org/0000- mhttps://publons.com/a/1600
Cabarkapa | Patent protection, project | 5445 3949 8757 393
management, mechanical
engineering, armaments,
project management
Nada M. physics https://orcid.org/0000- nhttps://publons.com/a/1601
Citakovié 0003-2813-2323 584
automatic control systems,
Goran D. Diki¢ target tracking, missile https://orcid.org/0000- nhttps://publons.com/a/1634

guidance and control
systems

0002-0858-1415

756
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Name, middle

Scientific research

initial and competence area ORCID iD Elrubions identifier
surname
energy efficiency,
Snezana M. | mechanical engineering, https://orcid.org/0000- nhttps://publons.com/ajl604
Dragi¢evi¢ solar energy, thermal 0002-6244-0111 121
engineering

Cedomir V. . . https://orcid.org/0000- nhttps://publons.com/a/1627

Duboka engines, motor vehicles 0003-2944-2278 807

processes and methods in
Boban D. traffic and transportation, https://orcid.org/0000- nhttps://publons.com/a/1633
Porovié transportation networks, 0001-8133-2389 020
transport organization

Vlado P. applied mechanics of rigid https://orcid.org/0000- nhttps://publons.com/a/1622

Burkovi¢ and deformable bodies 0002-5064-4117 194

. . eography, geographic .
Ljul?oml_r’;l. 9 inf%m?at)i,or? sygter%, https://orcid.org/0000- nhttps://publons.com/a/1418

Gigovi¢ geospatial analysis 0002-8388-3624 283

Miro J. geoinformatics https://orcid.org/0000- [lhttps://publons.com/a/1539
Govedarica 0003-1698-0800 597

Dejan R. Indi¢

tactic of Nuclear Chemical
Biological Defense,
weapons of mass
destruction, terrorism with
weapons of mass
destruction, nuclear and
chemical incidents

https://orcid.org/0000-
0001-9111-0472

nhttps://publons.com/a/1616
130

weapons, numerical
analysis, CFD simulation,

?zmgv% external ballistics, ballistics, ht(t)%solllosrggizt_);gls();)OO— Bhttps://publons.com/a/1500
terminal ballistics, weapons 127
integration
tribology and theory of
Mitar T. lubrication, maintenance of| " https:/orcid.org/0000- nhttps://publons.com/a/1596
Jocanovié¢ technological systems, 0003-1088-5028 778
hydraulic systems
o IT, software engineering, .
Borisa Z. - |.omputer systen?s secur?ty, https://orcid.org/0000- |Elhttps://publons.com/a/3851
Jovanovic¢ computer networks 0002-9353-724X 268
power electronics, electric
Viadimir A. m:;;g?;' aerl]zc;rtg:ti%cr)]vsver https://orcid.org/0000- nhttps://publons.com/a/1318
Kati¢ ) L 0002-0138-8807 533
electric power quality,
renewable energy sources
mechanics of fluids,
Mirko S. Kozié computational fluid https://orcid.org/0000- nhttps://publons.com/a/1627

dynamics, aerodynamic

load

0002-7287-0780

334
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Name, middle
initial and
surname

Scientific research
competence area

ORCID iD

nPublons identifier

Komlen G.
Lalovi¢

information technology,
programming, data
protection

https://orcid.org/0000-
0002-4590-2185

nhttps://publons.com/a/1610
913

Marija Z.
Malnar

electrical engineering -
telecommunications

https://orcid.org/0000-
0003-1416-8253

nhttps://publons.com/a/3269
205

Dejan M.
Mickovi¢

construction of classic
weapons, automatic
weapons, internal ballistics

/

/

Nadica S.
Miljkovi¢

biomedical signal
processing, e-health,
electrical engineering,
biomedical engineering,
electrophysiology

https://orcid.org/0000-
0002-3933-6076

nhttps://publons.com/a/1628
814

Zoran .
Miljkovi¢

manufacturing technology,
machining processes,
robotics, artificial
intelligence, autonomous
systems and machine
learning, artificial neural
networks, intelligent
manufacturing systems and
processes, decision-
making methods

https://orcid.org/0000-
0001-9706-6134

nhttps://publons.com/a/l410
489

Srdan T.
Mitrovi¢

mobile robots, real time
control, fuzzy logic, fuzzy
control, microprocessing
systems, system control
(automation), vehicle
navigation algorithms,
naval combat and
navigation systems

https://orcid.org/0000-
0002-1287-2792

nhttps://publons.com/a/1467
408

Dragan D.
Mladenovi¢

information security,
cyber security,
cyber conflict,
cyber warfare,
information technology,
international law,
emerging technologies

https://orcid.org/0000-
0003-4530-633X

nhttps://publons.com/a/1604
465

Boban Z.
Pavlovi¢

telecommunication
networks, quality of
service, telecommunication
traffic

https://orcid.org/0000-
0002-5476-7894

nhttps://publons.com/a/lGOG
407

Sreten R. Peri¢

mechanical engineering

https://orcid.org/0000-

nhttps://publons.com/a/1620

0002-7270-5187 400
Miroslav V. ; ; https://orcid.org/0000- nhttps://publons.com/a/1558
Popovié computer engineering 0002-1118-6491 230
Jugoslav R. |ammunition, management,| " https://orcid.org/0000- nhttps://publons.com/a/16ll
Radulovi¢ quality 0002-4003-7209 389
. https://orcid.org/0000- (Ellhttps://publons.com/a/1716
Naeem Saleem mathematics 0002-1485-6163 462
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Name, middle
initial and
surname

Scientific research
competence area
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mPublons identifier

Vlada S.
Sokolovi¢

maintenance, technical
support, integrated
navigation systems, GPS,
GNSS, satellite systems,
logistics

https://orcid.org/0000-
0003-0782-0506

nhttps://publons.com/a/1559
198

To[nislav B.
Sekara

control of processes with
concentrated and
distributed parameters,
industrial regulators with
optimum performance,
fraction laws of control in
industrial application,
process characterisation,
adequate signal
discretisation and
processing, sensors and
actuators, electric energy
compensation and saving
in electric energy
distribution systems

https://orcid.org/0000-
0001-8031-3135

nhttps://publons.com/a/1596
795

Goran P. Simi¢

Inform. systems, computer
science, programming,

https://orcid.org/0000-

nhttps://publons.com/a/l600

databases, artificial 0002-7563-699X 386
intelligence
Ljubisa K. | ot https://orcid.org/0000- nhttps://publons.com/a/1623
Tandié internal ballistics, armaments 0003-1242-9333 091
| A Tot databases, inform.systems,| ‘" https://orcid.org/0000- nhttps://publons.com/a/1558
van A. 10U linformation system securityl  0002-5862-9042 155

Slavisa |. VIaci¢

air traffic, system control,
automatic control, vehicle
navigation, naval combat
and navigation systems,
simulation

https://orcid.org/0000-
0001-9336-0512

mhttps://publons.com/a/l604
062

applied mechanics,

Dragoljub A. | diagnostics, sofisticated https://orcid.org/0000- nhttps://publons.com/a/1627
Vuji¢ systems for technical 0001-6999-6828 346
system maintenance
information systems, . . ]
Ivan B. Vuli¢ | geographic information https://orcid.org/0000- | Ellttps://publons.com/a/1606

systems

0002-5161-5422

268
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N3JABA O ETUYKOM MOCTYTMNAHY
STUYECKUIN KOOEKC
PUBLICATION ETHICS STATEMENT

N3JABA BOJHOTEXHUYKOT MNMACHUKA O ETUMKOM NOCTYMNAKY

OG6jaBrbuBame 4YraHaka HakoH CTPy4YHE peLieH3uje OCHOBHA je AenaTHOCT HayyHor
Yaconuca BojHomexHu4ku enacHuk. HeonxogHo je noctuhm carnacHoCT O eTUYKUM
HayenMma y nocTynuMMa CBUX YYeCHMKa MpUIMKOM objaBrbMBama uYnaHaka, of aytopa,
Pepakupje yaconmca n CTpy4HUX peueH3eHaTa oo u3gasava.

O6aBe3e Pegakuuje BojHomexHU4YKo2 asiacHuUKa

YpeaHuwTeo BojHomexHUYKo2 aracHuKa He Tpaxu of aytopa nnahake HakHage 3a
annuuupare 4rnaHka 3a objaBrbMBame. YuTaB noctynak ypehuBawa u objaBrbuBara
YnaHka 3a ayTope je noTnyHo GecnnaraH.

Pepakunja BojHomexHu4Ykoe enacHuka oAroBOpHa je 3a AOHOLUeHe oafyKe Koju
he oa npucnenux YnaHaka 6utn ogabpaH 3a objaBrbMBake. YpeaHUK HE CMe nmaTu
cykob MHTepeca y Be3u ca pykonucuma koje pasmatpajy. AKo TakaB cykob nHTepeca
nocTtoju, o wn3bopy peueHseHaTa W cyabuHM pykonuca oOAanyYyje YpeaHuLWTBO.
YUnaHoBu ypehusaudkor ogbopa Ko Kojux MOCTOjU CyKoO uHTepeca OyXHu cy Aa ce
MOBYKY M3 npoueaype.

Pepakumja Ttpeba pa noctyna y cknagy € nonuTtukom Ypehusaukor opbGopa
BojHomexHu4yKoe enacHUKa Kao U y CKrnagy ca 3aKOHCKMM MponucrMMa Koju ce ogHoce Ha
KNeBeTy, KpLUewe ayTopcKuMx npasa v nnarvjate. Pegakunja moxe ga ce KOHcynTyje ca
ynaHoBmma YpehuBadkor ogbopa unm peLeH3eHTUMa Npu OHOLLEHY OAJTyKe.

Pepakumja npouewyje cagpxaj pykonuca He3aBMCHO Of pace, nona, MorHe
opuvjeHTaumje, penurmjckux yBepera, eTHUYKOr Nnopekna, NofMTUYKNX yBepeka 1 ApxXaBHe
npunagHoCcTu ayTopa.

Y cBom pagy, npema npenopyum LleHTpa 3a eBanyauujy y obpasoBary M Hayum
(LEOH), Pepakuuwja kopuctu enektpoHckm cuctem ypehueawa ACWUCTEHT, «koju
omoryhaBa TpaHCMapeHTHOCT U jaBHOCT paga, noapa3ymeBajyhu nmyHy OAroBOPHOCT 3a
npuxeaTtame 1 06jaBrbuBame YnaHka.

Mpe cnawa Ha peueHanjy Pepakuuja npoBepaBa fa nu je cagpxaj pykonuca
nnarvjat, kopuwhewem cepsuca iThenticate (CrossRef u CrossCheck). [Mpema
cTaHfapavMa Koje Yaconuc npumMensyje, nnarvpame, O4HOCHO npey3nmare Tyhux naeja,
peun nnu apyrmx obnvka KpeaTuBHOr U3pasa 1 npeAcTaBrbare Kao CBOjMX, NpeacTaBrba
rpybo kpwewe HayyHe n m3gasadke eTuke. lNnarvpare Moxe Aa yKrbydyje M Kpluewe
ayTOpCKUX Mpaea, LWTO je 3aKOHOM KaxkwsuBo. lNMnarnjat obyxBaTta: AOCNOBHO UMK rOTOBO
OOCMOBHO Mpeys3MMare WM CMUWIbEHO napadpasvpawe (y uurby nprKprBaka
nnarvjata) gernosa TekcToBa Apyrmx aytopa 6e3 jacHor ykasuBawa Ha M3BOp WU
obenexaBare KonupaHux dparmeHata (Ha npuMmep, KopuwhewemM HaBOAHUKA);
Konupawe cnvka unu tabena 3 Tyfux pagosa 6e3 npaBunHor HaBohewa u3Bopa u/mnu
6e3 fgo3Bone aytopa Unm Hocunaua ayTopckux npasa. Pykonucy koa kojux nocroje jacHe
nHanuMje aa ce pagu o nnarvjaty 6uhe aytomartcku oabujeHn.

Yaconmc npumeryje ,OBOCTPYKM CrenyM MocTynak peueHavje® 4naHaka, Koju
nogpasymeBa [a ayTopu He 3Hajy KO Cy UM PELEH3EHTU, HUTU Cy peLeH3eHTMMa no3HaTu
ayTopw.

Huko 13 ypehusauke kyhe He cMe ga OTKpuje HujedHy UHGOopMaLmnjy O NpUCTUMNOM
PYKOMUCY WKOME, OCMM ayTopy, PEeLEeH3eHTUMa, MOTEHUWjanHUM peLeH3eHTMMa, OPYriM
caBeTHUUUMa ypehuBadke kyhe 1 nsgasady, npema notpebu.
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HeobjaBrbeH Mmatepwjan u3 npuCTAMMX pykonMca He CMe [a Ce KOpucTu 3a
ncTpaxusadkv pag ypehmsaya, ocuM ca uspmunTM NMCMeHNM ofobper-em ayTopa.

Penakuuja ce obasesyje na he nosyhu Beh o6jaBrbeHun YnaHak y cryyvajy HakHagHor
OTKpMBaka cnegehux OKONHOCTM y Be3n paja:

— nnarvjapmsam,

— ayTonnarujapmsam,

— pag je Beh objaBrbeH y Apyrom 4aconucy unm Hekoj Apyroj nyénukaumjn,

— HeTayHu modaum o ayTopcTBy (MpucBajake Tyher paga, HaBohewe ayTopa Koju
HWCY y4yecTBOBanu y nucawy paja, M3oCTaBrbake ayTopa Koju Cy ydvecTBOBanu y
nucary paga),

— cykob nHTepeca,

— naxupare unu dabpukoBare pedyntara,

— HEe03BOIbEHE TEXHMYKE MHTEPBEHLWjE Ha CnvKama,

— 030USbHUWja TEXHMYKA rPeLUKa, Kao LITO je U30CTaBIbake OerioBa TEKCTA, rpeLuka
y penpoayKumju nnycTpaTMBHOr Matepujana.

CraHgapav 3a paspellaBame cuTyaumja kaga mopa gohu [o nosradewa paga
AecuHncanu cy og ctpaHe GubnmoTeka M HayyHWX Tena, a UcTa Mpakca je ycBojeHa v of
CTpaHe 4aconuca: Yy eneKTPOHCKOj Bepauji M3BOPHOr 4fnaHka (OHOr Koju ce MnoBrayu)
ycrocTaerba ce Be3a (HTML nuHk) ca obaBeluterem o nosnayemny. MNoBy4eHn yYnaHak ce
yyBa y M3BOPHOj hopmu, anun ca BoaeHnM xunrom Ha PDF gokyMeHTy, Ha CBakoj CTpaHuLm,
Koju ykasyje Aa je unaHak nosy4eH (RETRACTED).

OnosumBn w© wucnpasBke ce nybnukyjy npema 3axteBuma LIEOH-a
(http://mvww.ceon.rs/pdf/postupanje_s_nelegitimnim_radovima.pdf) kao n3gaBaya HaumoHanHor
uMTaTHOr MHAEKCca rae ce meTanodauy onosvsBa M ON3BaHWX pagoBa MOpPajy O3HaAYUTU
ogrosapajyhvum ynosoperuma 1 meflycobHo noBe3aTu yHaKpCHUM SIMHKOBMMA.

Ob6aBe3e peueH3eHaTa

PeLeH3eHT cy OyXHW fa CTPyYHO, apryMeHTOBaHO, HEMpuCTpacHo W y 3agaTum
poKoBMMa [loCTaBe ypeaHUKY OLeHy Hay4yHe BpedHOCTH pykonuca. PeleH3eHTn esanyupajy
pagjoBe y ofHOCy Ha yckrnaheHoCT Teme paja ca npodurnom 4Yaconuca, perneBaHTHOCT
UCTpaxusaHe 06NacT M NPUMEHEHNX METOAA, OPUMMHAMHOCT U Hay4yHy peneBaHTHOCT
nogataka W3HECEeHUX Yy PYKOMUCY, CTUN Hay4yHOr wusrnaraka W ONpemMIbeHOCT TeKkcTa
Hay4HV/M anapaTom.

CTpy4HM peueH3eHT nomaxe Pepakumjyu y [OOHOLWeHy OAnyke, a MocpeacTBoM
KOHTakaTta ca ayTtopuma npeko Pepakuuje Moxe pAa nomaxe W ayTopuma Ha
noborsbLuaBamy TekcTa paga.

Ykonuko nzabpaHu peueH3eHT cmaTpa Aa Huje AOBOSbHO KBanudukoBaHa Aa M3spLum
peLeH3njy NCTpaxXmBara y PyKONMUCY Unu je nak CrpeyveH Aa 3aBpLum U JOCTaBu peLeH3unjy
y AOrOBOPEHOM POKY, 0 Tome Tpeba GnaroBpemeHo aa obasectn Penakunjy.

Csaku pykonuc npuxsaheH Ha peueH3njy mMopa da ce TpeTMpaTh Kao MOBEeprbvB
OoKymeHT. He cme ce nokasusatu TpehuMm nuuyMa HUTKM OUCKYTOBAaTU Ca HMMa, OCUM Kada
TO ono6pw Pepakupja.

PeuLeHavja Tpeba pa 6yne objektvBHa. HenpuxBatrbuBa je nuyHa kputuka ayTtopa.
PeueHseHT Tpeba jacHo fa obpasnoxe cBoje CTaBoBe U MOTKperne Ux apryMeHTMma.

PeLeH3eHTn Tpeba oa naeHTMdMKyjy penesaHTHe noctojehe pagoBe Koje ayTop Huje
untnpao. CBaka MpeTXOAHO jaBHO caonwiTeHa TBpAHa unu aprymeHt Tpeba ga Oyay
nponpahexHn ogrosapajyhum umtatom. [yXHOCT peLeH3eHTa je [da CKpeHe Maxhy
yPeOHUKY Ha 3HayajHa MoKranakwa WM CIMYHOCT pykonuca ca Beh objaBrbeHnM pagom,
YKOMMKO O TOME MMa fIMYHa ca3Haka.

MHdopmaumje 1 ngeje 0o Kojux ce AOLWNO CTPYYHOM PELIEH3UjOM MOBEPSbMBON Cy
KapakTepa 1 He CMejy ce KOpUCTUTK 3a concTBeHe notpebe. PeueHseHTn He 6w Tpebano
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Oa npumajy pykonuce Koju MX JoBoAe Y CykoD MHTepeca Ha OCHOBY KOHKypeHuwje,
3ajegHMYKOr paja wnM  gpyrux ogHoca C 6uno Kojum ayTopoM, KOMMaHwjoM Wnm
WHCTUTYLMjOM MOBE3aHUM C PaZioM.

Pepakumja BojHomexHu4Ykoe 2facHuka TOACTMYE peLeH3eHTe [[a  peleHsuvje
BEPUdMKYjy Ha CBOjUM MepcoHanu3oBaHvM cTpaHuuama y 6asu Publons, y cknagy ca
yNyTCTBOM Ha CTpaHuum cajta: lo3us u ynymcmeo peueH3eHmuma 3a peaucmpauujy y
Publons-y (http://iwww.vtg.mod.gov.rs/poziv-i-uputstvo-recenzentima-za-registraciju-u-
publons.html). PeueHseHTcka nonutika Yyaconuca, Koja je BepudpukoaHa y Publons-y:

— omoryhaBa jaBHO NpuKasnBawe peLeH3nje (MCKIbyuMBO HakoH objaBrbuBara
ynaHka),

— owmoryhaBa pelLeH3eHTVMa nNpuKas3vMBake HacnoBa peLEeH3NpaHor 4naHka
(nckrbyuMBO HaKOH 06jaBrbMBaHba YnaHka), y cknagy ca cMepHuuama Publons-a.

O6GaBe3e ayTopa

AyTOpwW rapaHTyjy Aa pyKonucC NpeacTaBrba HUXOB OpWUrMHanaH OOMpuHOC, Aa Huje
objaBrbeH paHuvje 1 aa ce He pa3marpa 3a 00jaBrbMBare Ha Apyrom MecTy. IcToBpemeHo
npeAaBake UCTOr PyKonuca y BULLE Yaconuca NpeacTaBrba KpLuekwe eTUYKMX CTaHgapaa.
TakaB pyKon1c ce MOMEHTAIHO UCKIbyYyje U3 Aarber pasMaTtpasa.

Kapga aytopu nuwy o opurHanmHOM uCTpauvBakwy Tpeba npeunsHo da npukaxy
obaBrbeHN pag v Aa objeKTMBHO M3noxe heroB 3Havaj. MNopgaumn Tpeba ga Gyay npeumsHo
HaBegeHw. YUnaHak Tpeba Aa cagpxu OOBOMLHO AeTarba v pedepeHum aa 6u morao aa ce
penpogykyje. JlaxHe nnm HamepHoO HeTavyHe TBpAH-E NPeaAcTaBrbajy HEETUYKO NOCTynare 1
HenpuxeaTrbuee Cy.

AyTtopu Tpeba na 06e3bene HeobpaheHe nogaTke y BE3M Ca YNaHKOM 1 NpyXe MX Ha
yBua Pepakumjun, kao v jaBHM NpuUCTyn TMM nogauvma, ako je 1o moryhe, u ga, y cBakom
cnyuajy, 6yay cnpemHu Aa cavyBajy Te nogaTke y pasyMHOM POKy nocre objasrbueamsa.

AyTopu Tpeba fa HanwLy NoTNyHO OpUrMHaNHe pagose, a ako Cy KOpUCTUIKM padose
nivnn copmynauuje Apyrux, oHaa To Tpeba Aa HaBedy Ha ogroBapajyhn HaumH.

Y npuHumny, aytopu 6u Tpebano Aa objaBe pyKonuc Koju ce CyLUTUHCKM 6aBn nctum
UCTPaXUBakeM CamO Yy jedHOM 4aconmucy unu npumapHoj nybnukaumju. Cnawe umcTor
pykonuca y BuLle peakumja Yaconvca y UCTO Bpeme NpeacTaBiba HeeTMYKO NoHallame U
HenpuxBaTIbMBO je.

ObGaBe3Ho je oa ayTop HaBede pajoBe Koje je KOPUCTMO y Mucaky pPyKonmca, Kao u
Aa untupa nybnukaumje Koje cy ytuuarne Ha Heros pag.

AyTopcTBo Tpeba Aa byade orpaHMYeHO Ha OHe KOoju Cy 3HayajHO AOMpWHenNu uaejn,
HEHOM 00nMKoBakby, M3Boherwy U nHTepnpeTaumju y gatom uctpaxmsany. CBu Koju cy
3HayajHo gonpuHenu pagy Tpeba ga Oyay HaBegeHu kao koayTopu. AKO Cy NojeavHLm
6unu BUTHM y NojeauHMM acrnekTuMa MCTpaXMBadKor npojekta, Tpeba um y 3axsanHuum
ofaTtu npy3Hame 3a OOMpPUHOC.

AyTop Tpeba ga ce noctapa ga CBu KoayTopu Oydy HaBedeHW Kao Taksu, kao U aa
mefy HaBeAeHUM Hema OHKX KOju TO He 3acnyXyjy. AyTopoBa AY>XHOCT je Aa CBW KoayTopu
Buae v ogobpe dmHanHy Bepaujy paaa, kao 1 Aa ogobpe veroso objaBrouBatre.

AKO ce y UcTpaxusamy MnojaBrbyjy Xemujcka jeaurersa, NoCTynuy unm ornpema Koju cy
OMacHM Mo 34paBrbe fbyay UMK XMBOTWHA, ayTOP TO MOPa jaCHO Aa Ha3Haun y pyKonucy.

Csakn aytop Tpeba Oa HaBefde y pykonucy cBe BpCTe (PUHAHCMCKUX M OcCTanux
3HayajHMX KOHbrMKaTa WHTEpeca kKoju OM MormM Ja yTudy Ha pesynrtate  unm
WHTepnpeTauujy weroeor paga. Ceu n3sopu uHaHcujcke noapLuke Tpeba aa Oyay takohe
HaBegeHw.

Kapa ayTop oTkpuje maTtepujanHy rpeLuky Uim HeTa4yHOCT y CBOM ObjaBrbeHOM paay,
HEroBa je AyXHOCT Aa ogmax obasecTu Pepakumjy yaconuca unu nsgaeada v ga capahyje
ca Pepakumjom npy noBnavexy unm Kopuroeawy paga.

252



PaspelwaBare cnopHUxX cutyauuja

CBaku nojeauHaL, unu MHCTUTYUmMja Mory y 6runo KoM TpeHyTKy Aa ypeaHuKy w/vmu
ypeaHULLITBY NpujaBe ca3Hama O KpLUeky eTUYKUX cTaHgaapaa U ApyrmM HenpasuHOCTUMA
M ga o ToMe [JocTaBe HeonxoaHe MHdopMaumje/gokase. ocTynak npoBepe M3HECEHMX
pokasa ogsujahe ce y cknagy ca cnegehum npuHUMnuma: ypeaHuwteo he AoHeTV oanyky
0 MOKpeTaky MOCTyMKa Koju MMa 3a Lurb NPoBepY M3HECEHMX HaBoAa WM JoKasa; TOKOM TOr
MOCTyMKa CBW W3HECeHW pJokasn cmatpahe ce noBeprbMBMM MaTtepujanom u 6uhe
npefoYeHn caMo OHUM NULMMa Koja Cy ANPEKTHO YKIby4eHa y NocTynak; numumma 3a koja ce
CyMHa Ja Cy npekpwuna etudke crtaHgapae 6uhe gata moryhHOCT Aa oaroBope Ha
onTyx6e nsHeceHe NPOTUB HMX; aKO Ce YCTaHOBM Aa je 3ancTa AOLUNO A0 HenpaBUHOCTH,
npoueHuhe ce ga nu ux Tpeba okapakTepucaT ako Mawu npekpLiaj unu rpybo kpLuexe
eTnukux crtaHgapda. CuTyaumje okapakTepucaHe kao MawW Mpekpllaj pelwasahe ce y
OVIPEKTHOj KOMYHMKaUMju ca nuuumMa koja cy npekpluaj yumHuna, 6e3 ykrbyumBama Tpehux
nvua, Hp.: obaBelUTaBakeM ayTopa/peLieH3eHaTa [Aa je AOLOo A0 Makser NpekpLuaja Koju
je npouctekao M3 HepasymeBawa WNM MNOrpellHe NpUMeHe akageMCKMX CTaH4apaa;
CnareM yrno3opera ayTopy/peLeH3eHTy KojU je YYMHUO Mansu npekpLuaj. Y cnyyajy rpybor
KpLUEH-a eTUYKUX CTaHdapaa, YPeaHWULWTBO OHOCK oanyke o Aarbum akuujama. Mepe koje
he npegy3etn wmory Outm cnegehe (M Mory ce npuMEHUBATUM MOjEAMHAYHO UMK
NCTOBPEMEHO): 00jaBrbMBare CaonLUTeHa UM yBOAHUKA Y KOM Ce ONucyje Criy4vaj KpLuera
eTUYKUX CTaHdapAa; crnane cnyxbeHor obaBellTera pyKoBOAMOLMMa UK nocnogasLuymMa
ayTopa/peLieH3eHTa; nosnayewe objaBrbeHOr pada y cknagy ca npouedypom OnucaHoM
nog lNMoenayewe Beh objaBrbeHnx pagosa; aytopuma he 6yt 3abpareHo ga TOKOM
ogpefheHor nepvogda Larby pajoBe Yy Yacomnuc; Yno3HaBake perieBaHTHUX CTPYYHWX
opraHuM3auvja WnuM HagnexHWx opraHa ca cryvajem kako 6u mormu ga npegysmy
oproeapajyhe mepe. lNpunukom paspeluaBara CMOPHUX cuTyaumja pedakuuvja yaconuca
pefakumja ce pykoBOAM cMmepHuuama v npenopykama Opbopa 3a eTuKy y m3gaBaluTBy
(Committee on Publication Ethics — COPE): http://publicationethics.org/resources/.

OppuvuaHe oaroBOpHOCTH

MN3HeceHn cTtaBoBu Yy OGjaBJ'bEHVIM pagosMMma He V|3pa>KaBajy CTaBOBe ypeHuKa U
YnaHoBa pep,aKu,Mje vaconuca. AyTOpM npeyammajy npaBHY U MopanHy oAroBOpPHOCT 3a
Mueje n3HeceHe y CBOjVIM pagoBuma. Mspaesay Hehe cHocuTum HUKaKBY OAroOBOPHOCT Y
cnyqajy ncrnocTaBrbaka bUno KakBMX 3axTeBa 3a HakHagy wteTe.

Peknamupame
Huje [o3BOrbLEHO peknamupane Y BojHomexHU4YKoM 21acHUKY.
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KOOEKC MPO®ECCUOHAIbHOWN 3TUKN XXYPHATA
«BOEHHO-TEXHUYECKWUWA BECTHUK»

My6nukaumsa ctatben nocne mx nNpoceccnoHanbHOM peLeH3nn ABMSEeTCS OCHOBHOW
[eATEeNbHOCTLIO HAaY4YHOTO XXypHana «BoeHHO-mexHUYecKul 8ecmHuUK». B nepByto ovepeab
HeobXoaAMMO LOCTUYb JOFOBOPEHHOCTM 00 STUYECKUX HOPMaX U MPUHLMMNAX, MPUMEHSIEMbIX
KO BCEM Yy4acCTHMKaM B MpoLecce BbiNycka XXypHana, HauvMHas ¢ aBTopa, PeaakumoHHoON
Konnernu, npocpeccrmoHarnbHbIX peLeH3eHToB A0 usaaTensi.

0O6s13aHHOCTH peaaKkropoB «BOEHHO-mexHU4YecKko20 eecCmHukKa»

Pepakums xypHana «BoeHHO-mexHU4eCcKuli 8eCMHUK» CO0bLLaeT, YTO He B3bIMAET C
aBTOpPOB nNnaty 3a nybnukauulo KX cTaTten, TO €eCTb, BCe [OEWCTBUS, CBA3aHHble C
pefakTMpoBaHWeM W pasMelleHneM ctated B BecTHuke sBnsioTcs  abconioTHO
fGecnnaTtHbIMW.

Pepakuusi « BoeHHO-mexHUYeCcKo20 8€CMHUKa» HECET OTBETCTBEHHOCTL 3a NPUHSTHE
peweHMn o nybnukauun npeacTaBfeHHbIX B agpec XypHana crtaTtei. lpu Hanmumm
KOH(MMKTA WHTEPecOoB pefdaKkTop He MNpUHMMaeT y4vacTns B MpoLecce pacCMOTPEeHWs
pykonucu. B Takom cryyae pelleHue O BbiOOpe peleH3eHTa M nybnukaumm pykonucu
npuHumaet pegkonnerns. MNpyv HanuuMm KOHMMKTA MHTEPECOB YreHbl PeaKkornnerum He
MPUHUMAIOT Y4acTMS B NPOLIECCe PACCMOTPEHNS PYKOMUCH.

Pepakums obsszaHa cobniogatb nonutuky PegakumoHHOM konnerun «BoeHHo-
MEeXHUYECKO20 B8eCMHUKa», a Takke MOMOXEeHUs [EeWCTBYIOWEro 3akoHoAaTenbCTBa,
perynvpytoLime BOMPOChI PacripoCTPaHEHNs 3aBEOOMO JTOXHbIX CBEAEHWA, MOpOYaLLMX
4YecTb ¥ AOCTOMHCTBO APYroro nuua My NoApbIBaOLLMX ero penyTaumio 1 HecobnogeHus
aBToOpckuMx npaB. Pedakums vmeeT npaBO MPOKOHCYNbTUPOBaTbcs C  PegakunoHHoW
Konnermemn nnu peLeH3eHTaMm OTHOCUTENBHO MPUHATUA PELLeHUA O NyGnvKaummn ctaTbu.

Pepakuus otbmpaeT v oueHMBaeT MaTepuarnsl He3aB1CMMO OT Mona, Penurim, pacel,
HaLMOHANBHOCTM, MONUTMYECKNX YOEeXOEeHWI aBTopa.

Mo pekomeHgaumam LieHTpa nopaepkku passutua obpasosaHusi n Hayku (LINMPOH),
pefakums >xxypHana B cBoel paboTe nomnb3yeTcsa 9NeKTPOHHOW CUCTEMON pefdaKTpOBaHNS
ASSISTANT, obecneuvBaroLlell TPaHCMAPEHTHOCTb WM AOCTYMHOCTb WHGOPMauuM o
TeKyLlleM COOTOSIHMM PYKOMWCKM, a Takke nogpasymeBaeT MOMHYI0 OTBETCTBEHHOCTb 3a
NPVHATUE peLleHns o e€ nybnukauum.

MyTém ncnonb3oBams cuctemsbl iThenticate (CrossRef u CrossCheck) pegakumsa no
MOMeHTa NpeACTaBMneHusi CTaTbl peLieH3eHTaM NpoBepsieT eé cogepxaHue Ha nnarvat. B
COOTBETCTBMM CO CTaHgapTamu >XypHamna, nnarmat, TO €CTb MPUCBOEHUE YyXUX WOew,
BbICKa3biBaHWN nMbBo Apyron opMbl TBOPHECKOTO BbIPAKEHUS U MPEACTaBMeHNe MX Kak
cBOuX coBCTBEHHbIX npeacTaBnseT cobon rpyboe HapyLueHne Hay4yHOM U pefakLMOHHOMN
aTuku. MNnarvat ABnNAeTCs yronoBHO HakadyembiM HapylleHnem aBTOpckux npas. C Toukn
3peHust pegakumn, NnaraTtoM siBMsieTcs: AOCNIOBHOE KOMMpoBaHue paboTbl Apyroro mvua,
nmbo umuTMpoBaHue paboTbl Apyroro nvua 6e3 yka3aHusi ero aBTOPCTBA, CCbINKW Ha
WCTOYHVK; HEKOPPEKTHOE NepedpasnpoBaHye NponsseaeHns Apyroro nuua 6es cobinkv Ha
WCTOYHVWK; MCMONb30BaHNe anemMeHToB paboThl (pucyHKoB, Tabnuu, rpacdukos, Auarpamm)
apyroro nuua 6e3 ykasaHus aBTOPCTBA, CCbIIKM Ha UCTOYHWK; aBTOPbI AOSMKHbI MONyYUThb
pa3pelleHne BnagenbLa aBTOPCKUX MpaB Ha MCMNONb30BaHWe 3aneMeHTOoB ero paboTbl. B
criydae BO3HWKHOBEHUSI ODOCHOBAHHOTO COMHEHMS B TOM, 4TO pabota dABnseTcs
nnarvaTtoMm, pefakums oTkasbiBaeT aBTopy B nybnukauuu.

Pepakuus xypHana npoBOAWT KOH(MAEHUManbHoe peLeH3MpoBaHue, NpUMeHss
«[JBOVHON Crenon MeToa». ABTOPbI CTaTby U PELIEH3EHTbI HE 3HAKOT ApYr Apyra.

HukTO 13 paboTHWKOB M34aTeNbCKOM KOMMaHUM He MMeEeT NpaBo packpbiBaTh fobble
CBefeHNs1 O NMpeACTaBNeHHOW Hay4yHOW CTaTbe, 3@ WCKIMIOYEHMEM CryvaeB, ecrniv OHW No
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Mepe NoTpeBHOCTU HyXHbl aBTOPY, PELEH3eHTaM, BO3MOXHbIM pELEH3eHTaM U Apyrim
COBETHVKaM pefakTopoB 1 n3garens.

Heony6nukoBaHHbIMY maTepuanamm Henb3s BOCMONb30BaTbLCS ans
uccriegosartenbckux pabot 6e3 cornacus aBTopa.

Pepakums obsgyeTcss ucknmiounTb M3 nNyGnvkauuyM NPUHATYO CTaTtblo, B Criydae
crnenyoLmx HapyLUEHWIA:

— nnaruar,

— aBTONnarvar,

— NOBTOpHas NyGnukauus B 4aHHOM N APYroM U3aHuu,

— HeBepHble AaHHble 00 aBTope (MPUCBOEHWE YyXOW paboThl, ykazaHue aBTopa He
NPUHUMABLLETO y4acTus B HanncaHum paboThbl),

— KOHNUKT UHTEPECOB,

— hanbcudmkaumsa pesynbTaToB NCCNEA0BaHUs,

— HenpaBuIbHO OHOPMIEHHbIE PUCYHKN (rpadhvkuy, UnniocTpauum) n Tabnuubl,

— KpYMNHbIE TEXHUYECKMe OLWNBKN B 0OPOPMMEHUN TEKCTa, Ha-Npumep, Nponyck Yyacten
TeKcTa.

CraHpoapTbl pernameHTupylolimMe npouenypy CHATUS onybnvkoBaHHOW paboTbl C
nyonukaumn, KoTopble MNpUMeHsieT «BOEHHO-TEXHWMYECKUIA BECTHWMK»  MnpeanucaHbl
HauunonanbHoi 6ubnuotekonn Cepbun (HBC) 1 apyrumm HayuHbIMK yypexaeHusmn. 3a
cTatbel (onpedenéHHon K CHATUIO) B anekTpoHHOM dopmarte 3akpennsioT HTML cebinky ¢
yBeAOMINEHNEM O €€ CHATUM ¢ nybnukaumn. N3baras ctatba XpaHUTCA B UCXOQHOM BUAe,
HO kakgas cTpanuua MNMAP dopmaTa BU3MPYETCS NeyaTbo, CBUAETENLCTBYIOLLEN O CHATUM
ctatbu ¢ nybnukaumm (RETRACTED).

OT3bIBbI M ucnpaeneHus nybnukyrTcs B COOTBETCTBUM C TpeboBaHusaMuM
LUMPOH - Cepbckoro wuHaekca HayyHoro uutmpoBanus (CUWHaoekc/SCindex)
(http://lwww.ceon.rs/pdf/
postupanje_s_nelegitimnim_radovima.pdf), npn 3ToM MeTagaHHble 0TO3BaHHbIX U CHATBLIX C
ny6nvkauumn ctaten 4OoMmkKHbl ObiTb 0603HAYEHbI COOTBETCTBYHOLLMM NpeaynpexaeHueM n
coeaunHeHbl Mexay cobow CCbinkamu.

065A3aHHOCTU peLIeH3eHTOB

PeLieH3eHTbl OOmKkHbI NPOdecCMoHanbHO M OOBEKTMBHO apryMeHTUpOBaTb CBOH
no3vUMI0 M B YKa3aHHbIM CPOK MPefoCTaBWUTb PEeOaKTOpy OLIEHKY Hay4HOW LIeHHOCTU
pykonucw.

PeLeH3eHTbl, paccmaTtpvBas paboTbl OLEHVMBAKOT COOTBETCTBME TeMbl paboTbl C
npodunem xypHarna, peneBaHTHOCTb uccriegyemori obnactm y NpMMEHEHHbIX METOOB,
OpWUMMHaNbLHOCTb M Hay4Hyl0 3HAYMMOCTb pe3ynbTaToB, MPEACTaBMEHHbIX B PYKOMWCH,
CTUIb HAYYHOTO U3MNOXEHWS, a TaKKe UCMOMNb30BaHNE B TEKCTE HAy4HOro annapara.

MpodheccrnoHanbHbI peLeH3eHT OKasbiBaeT nopaepkky Pegakumm npu npuHAaTAM
peweHu o nybnukauum ctaTtber, a Takke, OKa3biBaeT COAENCTBME aBTOpaM B LEnsiX
ynydweHns kadectBa wux paboTel. B3sammopgencteMe peueHseHTa € aBTopamu
OCYLLIECTBNSETCA MyTEM KOHTAKTOB C HUMM Yepe3 Pegakuuio.

B cnyyae ecnv peueH3eHT cuMTaeT, YTO OH B JOCTATOYHOM CTEneHu He obragaet
Ka4yecTBaMm, HEOOX0AMMbIMM Af1s1 OCYLLECTBNEHUS NPpOoeCccnoHanbHoNM peLeH3un paboThbl,
WM He CMOXeT €€ OcylecTBUTb BO Bpemsi, TO emy Heobxogumo 06 3TOoM
npouHdopmMmupoBaTtb Peaakuuio.

Jlobass paboTta, npeacTtaBrneHHass Ha PeELIEH3UI0, SIBNSIETCS KOHMAEeHUMarnbHbIM
[OOKYMEHTOM U €€ Henb3s NnokasbiBaTb TpeTbUM nuuam 6e3 ogobpeHus Peaakumn.

PeueH3na pormkHa 6GasvpoBaTbCs Ha OOBLEKTMBHBLIX YcrnoBusix. He pgonyckaetcs
NnnyHas KpuTUKa aBTopa. PeLeH3eHTbl JoMmkHbI 060CHOBATL U A0oKa3aTb CBOM MO3vUMK MO
OTHOLLIEHUIO K CTaTbe.
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PeLeH3eHTbl 06513aHbl OAEHTUUUMPOBAaTE peneBaHTHbIE CyLEeCTBYOLWME paboThbl,
KOTopble aBTop He uutupoBan. [lo mnwbomy oOllemy cBeOeHWIO WM  apryMeHTy
npuBefeHHbIM B paboTe [AOMmKHbl ObiTb ykasaHbl COOTBETCTBYHOLUME UMTaThl. PeueH3eHT
06sa3aH 06paTUTb BHMMaHWe peaakTopy Ha 3BEeHTyarbHble CXOoAcTBa paboThl ¢ ApYrvMuU
onybnukoBaHHbIMK paboTamu, B criyqae ecnm Takoe byaeTt o6HapyxeHo.

MHeHre 1 BbIBOAbI O PYKONUCK CTaTbM, K KOTOPbIM MPULLMAM PeLeH3eHTbl ABNseTcs
KOHMAEHUManNbHOW MHpopMaumMen U el Henb3s BOCMOMb30BaTbCA AN MMYHbIX
notpebHocTel. PeLleH3eHTaM pekoMeHOyeTCs He peLeH3npoBaTtb paboTbl, KOTOpbIe MOTYT
BbI3BaTb KOMMU3MIO WHTEpPecoB (KOHKYPEHTbI, COBMECTHas paboTa, Wnu uHble Apyrue
OTHOLLIEHWSI C aBTOPOM, KOMMaHWEN NN yupeXaeHnem CBa3aHHbIMK C paboTon).

Pepakums xypHana «BOEHHO-TEXHWYECKUIA BECTHUK» MPU3bIBAET PELEH3EHTOB
NnoaTBepXdaTb CBOM peLeH3nM Ha CBOeW nn4yHOM cTpaHuue B 6ase Publons, B
COOTBETCTBMM C  MHCTPYKUMsIMM, OMNyOrnMKOBaHHbIMM Ha  CTpaHuuax Beb-caviTa:
MpurnaweHve  peueH3eHTOB W WHCTpyKuuss no  peructpaumm B Publons
http://www.vtg.mod.gov.rs/priglasenie-recenzentov-i-instrukcija-po-rabote-s-publons.html).

MonuTrka xxypHana oTHOCUTENbHO peLeH3ni, koTopas noaTeepxaeHa B Publons:

- fonyckaeT NyOnuyHbIA JOCTYN K peLieH3nn (HO TONbKo nocne nyénukaummn ctatbn),

- MO3BOMSET peLEH3eHTaM OToOpaxaTb 3arofloBOK PeLEeH3MpyeMon cTatbu (HO
TOMbKO Nocne nyénukauum ctatbn), B COOTBETCTBUM C MHCTPYKUMEN Publons.

06s13aHHOCTK aBTOpPOB

B cBoewn uccneposatenbckon paboTe aBTOPbl AOMKHBI MPUAEPXKMBATLCA NPUHLIMIOB
YeTKOCTM, pa3bopyMBOCTM, MOHATHOCTU C LeNblo OOBEKTUBHOIO PacTONKOBaHWUSA 3Ha4YeHWs
OaHHoM paboTbl. PakTbl M MokasaTenu OOSMKHbI ObITb YEeTKO ykasaHbl. Pabota gormkHa
cogepXaTb B [OOCTATOMHOW cTeneHn pakToB U geTanen, 4tobbl oOHa Morna
penpoayumpoBaTtbCs. HenpaBusbHble UM HETOYHbIE YTBEPXAEHUS SBASAIOTCA MPUMEPOM
HEe3TUYeCKOro NoBeAeHNs U He ByayT NpUHATHI.

ABTOPbI AOMKHBI 06ecneunt Pegakumio nepBuYHbIMU, HeobpaboTaHHBIMW AaHHBIMU,
oTHocAWwMMUCS K paboTe, U NpeacTaBUTb UX Ha paccMoTpeHne Pegakumm, n obecneunts K
HMM JOCTyNn BCEM 3auUHTEPECOBaHHbIM NWLAM, €Cnv 3TO SBNAETCS BO3MOXHbIM. Takke,
aBTOpbl OOMKHbI Mocne nybnukauum cTaTbM XpaHUTb B PasyMHbIE CPOKW MOMNyYeHHble
pe3ynbTaTbl. ABTOPbI OOMKHbI B CBOMX paboTax 3aHMMaTbCA MOMHOCTHIO OPUTMHANbHBIMM
Bonpocamu. B cnyyae ecnu oHn B cBoew paboTe vcnonb3oBanu AaHHble unu akTbl
ApYyrmx aBTopoB, TO 06 3TOM HeO6XOAUMO yka3aTb B paboTe.

Taikke, aBTOpbl AOMKHbI CBOWM paboTbl NybnukoBaTb TONbKO B OQHOM Hay4YHOM
XypHane, wnu pasmellatb nybnvkaumm Ha canmte € NpsMbIMU ccbinkamu. [My6nukaums
OOHOM WM TOM e paboTbl B HECKOMbKMX Hay4HbIX >XypHanax CUMTaeTcd He3TUYHbIM
noBedeHnemM W SBMNSeTCA HepgonycTuMon. ABTopbl paboT 006s3aHbl yka3aTb B CBOMX
paboTax Bce martepuarnbl, KOTOPbIMU OHU BOCMONbL30BaNMChL MPW MCCreaoBaHWn, B TOM
yncne Bce nybnmkaumm, KOTopble NOBAWSANM Ha pesynbTaThl X UccneaoBaHuii. ABTOPCTBO
OOMKHO ObiTb OrpaHW4eHO TOMbKO TEMW NULAMM, KOTOPble B 3HAYUTENbHON CTEMneHu
y4yacTBoBanu B MpoLecce UCCeAoBaHWa U nonyyveHus pesynobTaToB paboTel. Mmewa,
oTyecTBa, bamunMn BCEX WL, YYacTBYIOLUMX B 3HAYUTENMbHOW CTeMneHW B npouecce
nccnenoBaHnsa U MonyyeHns pesynbtaToB paboTbl, AOMKHBI ObITh yKasaHbl B paboTe B
KayecTBe COaBTOPOB, U UX HeobxoaMmo nobnarogapuTb 3a cogencTame.

ABTOp pomkeH obecneunTb ycnoBus, 4TOObl MMeHa, OT4yecTBa, amMunuM BCeX
COaBTOPOB, AEVCTBUTENBHO Y4aCTBYIOLIMX B MPOLECCe UCCNeAoBaHUS U COAENCTBYIOLLIMX
nony4yeHuo pesynbraToB, ObiM ykasaHbl B paboTte. Takke, 00s3aHHOCTbIO aBTOpa
ABMAETCH NpefoCcTaBrneHne OKOHYaTeNbHON Bepcun paboTbl COaBTOpam Ha CorfnacoBaHue.

B cnyyae nosBneHus B npouecce WCCreaoBaHWs HeobxoOMMOCTM KOHTakta C
onacHbIMK BeLllecTBamu, T.e. BellecTBaMu, 0b6nagaoLwmmm noTeHumManbHoM onacHoCTbIO B
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OTHOLLIEHNN YenoBeKa, XMBOTHBIX U OKPY>XXaroLLeln cpedbl, To aBTop 06 3TOM AOIMKEH YETKO
yka3aTb B pabote. Kaxapin aBTop 0653aH B paboTe ykasaTb Ha BCe BUAbI NOTEHLUMAnNbHbIX
PMHAHCOBBLIX MM APYMMX KOH(MUKTOB MHTEPEeCcOoB, KOTOpble Mornu Obl MOBNMATL Ha
pesynbTaTbl WCCReAoBaHWA WNW WX WHTepnpetaumio. Bce WCTOYHMKM  DMHAHCOBOM
NOAAEPXKN AOMKHbI ObITh YKa3aHbl B paboTe.

B cnyyae obHapyxeHus aBTopoM B paboTe CyLlecTBeHHble OWMBKM Mnn kakne-nmbo
HEeTOYHOCTU, OH 06sa3aH 06 3TOM HesameanuTensHO coobWMTb Pedakumn xxypHana wvnm
nsgaTento, Takke okasaTb COAENCTBUE B UX NCTIPABNEHUM.

PaspelueHne cnopHbIX cuTyauum

Jioboe nuuo, nMbo yupexaeHue Bnpase B N0GON MOMEHT MPeAbABUTbL NPETEH3NI0
pedakTopy Unn peakonnernm B CBA3WN C HapyLLEHUEM 3TUYECKUX CTaH4APTOB M aBTOPCKMX
npas, NOAKPENMB ee JOCTOBEPHBLIMM AoKa3aTenbCTBaMu.

Mo nomyyeHun npeTeH3nn, NOAKPENNEHHON AokasaTenbCTBamyu, peAakunoHHas
KOMMUCCUA MpoBeAeT paccrnegoBaHue, B COOTBETCTBUM CO CriedyloWwumn npuHLMNamMm:
peakonnerns NPUHUMaeT pelleHne O NPOBEAEHVMU NPOBEPKM MO NOBOAY BbIABUHYTbLIX
»anob 1 gokasaTenbCTB O HapyLUEHUN pedakLMOHHON 3TWKKM; B NpOLEecce pacCMOTPEHUS
JoKasaTenbCTB, BCe Martepuarnbl CuMTaloTCd  KOHuAeHUmanbHbiMM U OyayT
npefocTaBneHbl TONbKO TeM NuLaM, KOTOpble HEMOCPEACTBEHHO MPUYACTHbI K NpoLieccy
NMpoBepKuW; Nogo3peBaemMblM  NLaM B HapyLeHWM  3TMYeckux HopMm  ByadeT
npegocTtaBneHa BO3MOXHOCTb OTBETUTb Ha BbIABMHYTOE MPOTMB HWX OOBUHEHWE;
B CryyYae BbISIBNIEHUS HapYLUEHWS, XapaKTepu3dyeTcs ero creneHb, kak rpyboro wmu
Herpy6oro HapyLLEHNSA 3TUYECKUX HOPM.

B cnydyae Herpyboro HapylieHus, pegakuusi Hanpsimyto, 6e3 cogencTBust TpeTbux
nvuy, obpawaetca K HapywwuTeno, cnepylowmMm obpasom: nytem  yBeaoMIeHWs
aBToOpa/peLieH3eHTa O HanuMuuyM Herpyboro HapyLueHusi, MpOM3OLLedLIero BCIeACTBuE
HeJOMOHUMaHUs, MO0 HEeCOOTBETCTBEHHOIO MPUMEHEHUsI akaJeMWYecKUX CTaHOapToB;
nyTem npegynpexaeHns aBTopa/peLeHseHTa, AoNyCTUBLLEro Herpyboe HapyLueHue.

B cnyyae rpyboro HapyLleHWst 3TUHECKUX HOPM, pedakuvs NPpUHUMaeT peLlueHne o
AanbHenwnx Mepax. Pegakumst BnpaBe npeanpuHAaTh criegytowwme Mepbl (OAHOBPEMEHHO,
nooYepeasHoO Unu B OTAENBbHOCTM): 0OHapoaoBaHUE COOOLLEHUs], B KOTOPOM OMUCLIBAETCSH
Criydan HapyLUeHMS 3TUYECKMX CTaHO4apToB; oduuManbHOE yBeOOMMEHWEe pykoBoauTenen
unn pabotogaTtenern aBTopa/peLeH3eHTa; CHATUE onybrnMKoBaHHOW CTaTbu C nybnvkauum,
B COOTBETCTBUM C MPeannucaHnsaMu; aBTopbl-HapyLUMTENN OnpeaeneHHbIi Nepuoa BpemMeHn
He OyayT ponyckaTbcs K nybnukaumm B >XypHane; yBedoOMMeHWe pefieBaHTHbIX
npodpeccroHanbHbIX OpraHWM3aumMii U COOTBETCTBYIOLLMX YUYPEXOEHWI O criyyae, B Lensx
NpVBREYEeHNs HapyLUMTENS K OTBETCTBEHHOCTY.

Mpn paspeLueHMn CnopHbIX CUTyauuii pefakums XypHana cobniogaeT npeanvcaHus
n nHCTpyKkuun PykoBogcTtBa Komuteta no 3TvKe HayyHbix nybnukauui (Committee on
Publication Ethics — COPE): http://publicationethics.org/resources/.

OTKa3 OT OTBETCTBEHHOCTU

BblHeceHHble nosvumm B 0I'Iy6ﬂVIKOBaHHbIX pa60Tax He 00s13aTenbpHO oTpaXxakT
TOYKY 3peHUda penkonnermm XxypHana. ABTOpbI HECYT MOJTHYI0 PUANYECKYIO U MOpalbHYLO
OTBETCTBEHHOCTb 3a MnpeactaBfieHHble B CBOUX pa60Tax naoen. Pepakuma He Hecet
HUKaKOW OTBETCTBEHHOCTU B cny4yae BO3HUKHOBEHUA TpeGOBaHMVI no BO3MELWEeHUo
MaTtepuanbHOro Unn MmopanbHOro Bpeaa.

Peknama
Peknama B xypHane «BoeHHO-mexHU4YeCcKul 8eCMHUK» He JOMYyCKaeTCs.
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PUBLICATION ETHICS STATEMENT

The publication of an article in this peer reviewed journal is an essential model for the
scientific journal Military Technical Courier. It is necessary to agree upon standards of
expected ethical behavior for all parties involved in the act of publishing: the author, the
journal editor, the peer reviewer and the publisher.

Duties of the Military Technical Courier editor

There are no APCs (author processing charges) or submission charges for the
articles submitted to the Military Technical Courier. The whole process of article editing and
publishing is entirely free of charge for authors.

The editor of the Military Technical Courier is responsible for deciding which of the
articles submitted to the journal should be published. The Editor must hold no conflict of
interest with regard to the articles he/she considers for publication. If an Editor feels that
there is likely to be a perception of a conflict of interest in relation to their handling of a
submission, the selection of reviewers and all decisions on the paper shall be made by the
Editorial Board. If any member of the Editorial Board feels that there is likely to be a
perception of a conflict of interest in relation to their handling of a submission, they shall
withdraw from the editorial process.

The editor should be guided by the policies of the journal's editorial board and
constrained by such legal requirements as shall then be in force regarding libel, copyright
infringement and plagiarism. The editor may confer with the members of the editorial board
or reviewers in making this decision.

The editor should evaluate manuscripts for their intellectual content without regard to
race, gender, sexual orientation, religious belief, ethnic origin, citizenship, or political
philosophy of the authors.

Following the recommendations of the CEON Centre for Evaluation in Education and
Science (CEON/CEES), the editor applies the electronic editing system ASSISTANT which
enables transparency and public access to work and accepts a full responsibility for the
acceptance and publishing of articles.

Before sending articles for peer reviews, the editor checks the content of the
submitted manuscripts for plagiarism using the iThenticate service (CrossRef and
CrossCheck). According to the standards applied by the journal, plagiarism, where
someone assumes another's ideas, words, or other creative expression as one's own, is a
clear violation of scientific ethics. Plagiarism may also involve a violation of copyright law,
punishable by legal action. Plagiarism includes the following: word for word, or almost word
for word copying, or purposely paraphrasing portions of another author's work without
clearly indicating the source or marking the copied fragment (for example, using quotation
marks); copying equations, figures or tables from someone else's paper without properly
citing the source and/or without permission from the original author or the copyright holder.
Any manuscript which shows obvious signs of plagiarism will be automatically rejected.

Journal applies a ,double blind peer review process for papers. Authors and
reviewers are anonymous to each other in the process of review.

The editor and any editorial staff must not disclose any information about a submitted
manuscript to anyone other than the corresponding author, reviewers, potential reviewers,
other editorial advisers, and the publisher, as appropriate.

Unpublished materials disclosed in a submitted manuscript must not be used in an
editor's own research without the express written consent of the author.

The Editorial Office has pledged to remove an already published article in case of the
following, subsequently discovered facts regarding the article in question:

— plagiarism,
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http://aseestant.ceon.rs/index.php/index/about

— self-plagiarism,

— article already published in some other journal or publication,

— inaccurate data on authorship (fake claim of authorship, listing authors who did not
participate in the article's creation or omitting authors who did participate),

— conflict of interests,

— fraudulent use of data or fabrication of results,

— unauthorised technical interventions on figures,

— substantial technical error such as omitting parts of the text or an error in
reproducing illustrations.

Standards for dealing with retractions have been developed by a number of library
and scholarly bodies, and this practice has been adopted for article retraction by our journal:
in the electronic version of the retraction note, a link is made to the original article. In the
electronic version of the original article, a link is made to the retraction note where it is
clearly stated that the article has been retracted. The original article is retained unchanged,
save for a watermark on the PDF indicating on each page that it is “RETRACTED”.

Retractions and corrections are published according to the requirements set up by
CEON/CEES (http://www.ceon.rs/pdf/postupanje_s_nelegitimnim_radovima.pdf) as the
publisher of national citation index, where metadata of retractions and retracted papers
have to be marked by appropriate warnings and cross-links.

Duties of reviewers

Reviewers are required to provide written, competent and unbiased feedback in a
timely manner on the scholarly merits and the scientific value of the manuscript.

The reviewers assess manusctript for the compliance with the profile of the journal, the
relevance of the investigated topic and applied methods, the originality and scientific
relevance of information presented in the manuscript, the presentation style and scholarly
apparatus.

A peer reviewer assists the editor in making editorial decisions and through the
editorial communications with the author may also assist the author in improving the paper.

Any selected referee who feels unqualified to review the research reported in a
manuscript or knows that its prompt review will be impossible should notify the editor and
excuse himself from the review process.

Any manuscripts received for review must be treated as confidential documents. They
must not be shown to or discussed with others except as authorized by the editor.

Reviews should be conducted objectively. Personal criticism of the author is
inappropriate. Referees should express their views clearly with supporting arguments.

Reviewers should identify relevant published work that has not been cited by the
authors. Any statement that an observation, derivation, or argument had been previously
reported should be accompanied by the relevant citation. A reviewer should also call to the
editor's attention any substantial similarity or overlap between the manuscript under
consideration and any other published paper of which they have personal knowledge.

Unpublished materials disclosed in a submitted manuscript must not be used in a
reviewer's own research without the express written consent of the author. Privileged
information or ideas obtained through peer review must be kept confidential and not used
for personal advantage. Reviewers should not consider manuscripts in which they have
conflicts of interest resulting from competitive, collaborative, or other relationships or
connections with any of the authors, companies, or institutions connected to the papers.

The Editorial Team of the Military Technical Courier encourages the reviewers to
verify their reviews in their personal profile on Publons in accordance with the instructions
on the website page: Call and instructions to reviewers for the registration in Publons
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(http://www.vtg.mod.gov.rs/call-and-instructions-to-reviewers-for-the-registration-in-
publons.html).

The reviewing policy of the Journal, verified in Publons:

- allows public display of the review (only after the article has been published),

- allows reviewers to display the title of the reviewed article (only after the article has
been published), in accordance with the guidelines of Publons.

Duties of authors

Authors warrant that their manuscript is their original work, that it has not been
published before and is not under consideration for publication elsewhere. Parallel
submission of the same paper to another journal constitutes a misconduct and eliminates
the manuscript from consideration by the journal.

The reviewers assess manusctript for the compliance with the profile of the journal, the
relevance of the investigated topic and applied methods, the originality and scientific
relevance of information presented in the manuscript, the presentation style and scholarly
apparatus.

Authors of reports of original research should present an accurate account of the work
performed as well as an objective discussion of its significance. Underlying data should be
represented accurately in the paper. A paper should contain sufficient detail and references
to permit others to replicate the work. Fraudulent or knowingly inaccurate statements
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Authors may be asked to provide the raw data in connection with a paper for editorial
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An author should not in general publish manuscripts describing essentially the same
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Proper acknowledgment of the work of others must always be given. Authors should
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conception, design, execution, or interpretation of the reported study. All those who have
made significant contributions should be listed as co-authors. Where there are others who
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acknowledged or listed as contributors.

The corresponding author should ensure that all appropriate co-authors and no
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approved the final version of the paper and have agreed to its submission for publication.

If the work involves chemicals, procedures or equipment that have any unusual
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manuscript. All sources of financial support for the project should be disclosed.
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and cooperate with the editor to retract or correct the paper.
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Disclaimer

The views expressed in the published works do not express the views of the Editors
and Editorial Staff. The authors take legal and moral responsibility for the ideas expressed
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