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BIACHULMN:
MunuctapcTBo onbpaHe u Bojcka Cpbuje

M30ABAY:
YHuBepauteT onbpaHe y Beorpaay, BojHa akagemuja
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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
ID 1 PUHL, MmoxHO 03HakoMUTbCS Ha cainTe http://www.vtg.mod.gov.rs/redakcia.html

[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:

This Editorial marks the jubilee which the scientific journal Military Technical
Courier celebrates in 2022 - 70 years of regular and continuous publication.
On this occasion, the Editorial Office expresses gratitude to institutions and
individuals who have contributed most to the progress and success of the
Journal.

Key words: Military Technical Courier, scientific journal, jubilee,
seventieth anniversary, acknowledgments.

In 2022, the Military Technical Courier, a scientific journal of the
Ministry of Defence and Serbian Armed Forces, marks the 70" anniversary
of its regular and continuous publishing.

The Journal was founded by a decree of the Chief of the General Staff
of the Yugoslav Army in August 1952 in order to continue the tradition of
five reviews of military branches and services (Artillery Courier, Tank
Courier, Military Engineering Courier, Courier of Communications in the
Yugoslav Army and Logistics and Support of the Yugoslav Army) which
had been covering tactics and technique issues from 1947 to 1952. Chief
of the General Staff's decree of 16th December 1952 founding the first
editorial board that “has a directive to be responsible for the review editing”
was followed by the first issue of the Military Technical Courier in January
1953.

The Military Technical Courier follows in the footsteps of the
outstanding military technical publications published in our previous
countries (in the Kingdom of Serbia and Kingdom of Yugoslavia): Artillery
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and Engineering Courier (1905-1906), Artillery Courier (1926-1932),
Infantry and Artillery Courier (1933-1941), Engineering Courier (1929-
1940), Aviation Courier (1927-1941) and Nautical Courier (1933-1940).
(Gacesa, 2012), (GaceSa & Jovanovic¢, 2012)

Today, the Journal has an international character. It covers scientific
and professional fields within the educational-scientific field of Natural-
Mathematical Sciences, as well as within the educational-scientific field of
Technical-Technological Sciences, and especially the field of defense
sciences and technologies. It publishes theoretical and practical
achievements leading to professional development of all members of
Serbian, regional and international academic communities as well as
members of the military and ministries of defence in particular.

It is indexed in important world databases: DOAJ - Directory of Open
Access Journals, Redalyc - Scientific Information System, RINC - Russian
Index of Scientific Citation, ISC - Islamic Citation Index, etc. It is a member
of OASPA (Open Access Scholarly Publishers Association) and COPE
(Committee on Publication Ethics). (Gac¢es$a, 2017)

The Ministry of Education, Science and Technological Development
of the Republic of Serbia categorizes "Military Technical Courier" with the
categories M51 (reputed national journal) and M52 (quality national
journal). The Center for Evaluation in Education and Science
(CEON/CEES) categorizes the Journal with category A3 (journal of global
potential and top publishing quality).

On the occasion of this year's jubilee, the Editorial Office would like to
express their special thanks for the trust and help given to us in the past
period by our colleagues from the Redalyc Scientific Information System.
Redalyc, supported by the Autonomous University of the State of Mexico
(UAEM), has indexed the Military Technical Courier in its database guided
by its principles of supporting open-access and non-profit journals.
Indexing in Redalyc enables a new, exceptional visualization of our
journal, given that the indexed articles are visible in multiple formats:
Intelligent viewer, Mobile viewer, HTML, iPDF, PDF, and ePUB.

The Editorial Office would like to thank their long-term collaborators
for their dedicated and hard work: Dobrila Mileti¢ (reader for the Serbian
language), Jasna Visnji¢ (translator and proofreader for the English
language), Karina Avagjan (translator and proofreader for the Russian
language), as well as Radovan Miskovi¢ (graphic editor of the Journal from
the Military Printing House).

The Office is also grateful to all the authors who have put their trust in
the Military Technical Courier, as well as to previous editors, involved
reviewers and members of the editorial boards whose longtime
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commitment obligates the current and future members of the Editorial
Office to work persistently on the further improvement of the Journal.
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YEAR®

CEMUOECATUITETUE XXYPHANA
«BOEHHO-TEXHUYECKNW BECTHUK»

Heboliwa H. Navewa
YHuBepcuTteT 060poHkl B I. benrpaa, BoeHHas akagemus,
r. benrpag, Pecnybnuka Cepbus

BV CTATbW: pegakumoHHas ctatbsl

Pesome:

[aHHas pedakyuoHHasi cmambsi ripedcmasrisiem 0630p, MocesUEHHbIU
roburiero Hay4yHO20 XypHara « BOeHHO-mMexXHUYECKUL 8eCMHUK», KOmopbIU
8 2022 200y ommeydaem 70-nemue HenNpepbisHOU pedaKyUOHHO-
uzdamernbckol u nybnuyucmuveckol dessmesnibHocmu. B ces3u ¢ amoli
3HameHamernibHOU Oamol pedakuyusi XypHasa ebipaxaem eryboKyto
6rnazodapHoCmb OpaaHu3auusM U nuyam, Komopsle criocobecmeosarnu
Mpo2peccy U ycriexy XypHaira Ha MPomsiKeHUU e20 CyulecmeosaHUsl.

Kntouesbie crnosa: BoeHHO-MeXHUYeCKUU 8€CMHUK, Hay4YHbIU XypHarl,
tobunet, cemudecssmunemue, 61azo0apHOCMb.
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«BoeHHO-mexHu4eckuli 8eCmHuKk» — XypHan MuHucTepcTBa
o60opoHbl M BoopyxeHHbix cun Pecnybnukun Cepbus B 2022 rogy
oTMe4aeT 70-neTme cBOeN HenpepbIBHOWN peAakLMOHHO-M3gaTeNnbCKon n
nyGnmumcTnyeckon 4eaTensHOCTU.

XKypHan «BoeHHO-mexHuU4YecKull 8eCmHUK» YYpEeXAeH CornacHo
Mpukady HavanbHKka MeHwTaba FKOHA (KOrocnasckas HapogHas Apmus),
oT 27-oro aerycta 1952 roga. M1 OH ycnewHo npoaomkmun paboTy
nepuoanyecknx usgaHun: «ApTUINEPUNCKUA BECTHUK», «TaHKOBbIN
BECTHUK», «BOEHHO-UHXEHepHbIN  BECTHUK», «BecTHMK  cBasen
FOrocnaesckon apmum» n «Tbin 1 cHabxeHne HKOrocnaesckonm apmumy,
BblinyckaeMblx B nepuog ¢ 1947 no 1952rr. B cootBeTCTBMM C [Tpnkasom
leHwTaba KOHA ot 16-oro nekabpsa 1952 roga co3gaH M MNepBbIN
PenakuMoHHbIN COBET — OpraH pyKoBOASALLMI XypHanoM. NepBbin Homep
XypHana «BoeHHOo-mexHuU4YecKuli eecmHuk» Bblwen B sHBape 1953 roaa.

«BOeHHO-mexHu4eckuli  8eCmHuUK»  NpOoAoMkaeT  Tpaguuumio
Bblgatowmnxca nybnukaumi BOEHHO-TEXHUYECKOro XapakTepa, KOoTopble
BbINyCKanucb eLle Bo BpeMmeHa cyuiectBoBaHusa Koponesctesa Cepbus u
KoponesctBa Orocnasusi, B Buae XypHanoB: «VHxeHepHo-
apTunnepuinckni BecTHUK» (1905-1906), «ApTUNNEPUACKUA BECTHUKY»
(1926-1932), «CyxonyTHO-apTUNNEPUACKUA BeCTHUK» (1933-1941),
«MHxeHepHbIn BeCTHUMK» (1929-1940), «BeCTHMK BOEHHO-BO3OYLUHbIX
cun»  (1927-1941), «BecTHUK BOeHHO-Mopckux cun» (1933-1940).
(Gacesa, 2012), (GaceSa & Jovanovi¢, 2012)

CerogHs XypHan nmeeT mexayHapoaHbi xapaktep. OH oxBaTbiBaeT
Hay4Hble M npodeccnoHanbHble cdepbl B paMkax Yy4yebHO-Hay4yHoW
obracTu ecTeCTBEHHO-MaTeEMaTUYECKUX HaYK, @ TaKkKe B paMkax y4ebHo-
Hay4HOM 06nacTn TEXHUKO-TEXHOMOrMYeCcKUx Hayk, ocobeHHo B obrnactu
0BOPOHHBIX HayK 1 TexHonornn. B xxypHane nybnukytoTca TeopeTnyeckue
N npakTUyeckne [OCTUXKEHUS, KOTOpble CrnocOOCTBYIOT MOBbLILEHNIO
KBanudukaumm  npeacrtasutTenen  cepbCckoro,  pervoHanbHoro U
MEeXOYHapOA4HOro akageMumyeckoro coobuiectsa, 0COBEHHO cryXalimx
MwuHuctepcte O60pOHbI 1 BOOPYXEHHBLIX CUI.

KypHan nHaekcupyeTcs B BaXHbIX MMPOBbIX Basax gaHHbix: JOAJ -
OupekTtopnsa >XypHanoB OTKpbITOro pgoctyna, Redalyc - HaydHo-
WHdopmaumoHHas cuctema, PUHL, - Poccuiicknii nHgekc Hay4dHoro
umtupoBaHua, ISC - Islamic Citation Index n gp. >XypHan sensertcs
uneHom OASPA (Accouunaums nsgatenen HayvHblX U3gaHun OTKPbITOro
poctyna) n COPE (KomuteT no atuke nybnukaumn). (Gacesa, 2017)

MuHuCTEpCTBO 00pa3oBaHUSA, Haykm M TEXHUYECKOro pasBuUTUS
Pecnybnukn Cepbun npucBamBaeT «BOeHHO-MEXHUYECKOMY 8€CMHUKY»
kaTeropun M51 (BeayLLmin XypHan rocyfapcTBeHHOro 3HadeHus) n M52
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(BbICOKOKAYECTBEHHbIA HAUMOHAamNbHbIN XypHan). LleHTp noagepxku
pa3suTusa obpasoBaHus n Hayku (LINPOH/CEON) npucBavBaeT xxypHany
kateroputo A3 (KypHan ¢ rnobanbHbiM NOTEHUMANoM M BbICOYANLLIMM
n3gaTenbCKUM KayecTBOM).

Mo cny4yaw wbunes aToro roga pepakuusi BblpakaeT ocoOyto
GnarogapHOCTb 3a JOBEPME M MOMOLLb, OKa3aHHYO B MPOLLEALLNA Nepuos
Hawumn konneramm u3 Hay4yHo-mHopMaumoHHon cuctembl Redalyc.
Redalyc, nogpepxnBaembln ABTOHOMHbLIM YHWBEPCUTETOM LITaTa
Mexuko, npouHgekcmpoBan «BoeHHO-mexHU4YecKuli 8eCmHUK» B CBOEMN
6ase AaHHbIX, PyKOBOACTBYSACH NPMHLMNAMMN NOALAEPXKKN 00LLEA0CTYNHbIX
N HeKkoMMepuyeckmx  KypHanoB. WHpoekcnpoBaHne B Redalyc
obGecneynBaeT HOBYK  WUCKMIOYMTENbHYIO  BM3yanu3auuio  Hallero
XKypHana, yuyuTbiBasi, 4YTO MNPOUHAEKCUPOBAHHbIE CTaTbW BUAHbI B
HecKomnbkux dopmaTtax: WHTennekTyanbHas mnporpamma npocMoTpa,
MobunbHas nporpamma npocmotpa, HTML, iPDF, PDF, ePUB.

Pepakumss GnarogapuT CBOMX MHOFOSIETHUMX COTPYAHMKOB 3@
CaMOOTBEPXKEHHYIO U ycepaHyto paboty: Jobpuny Munetny (Koppektop
cepbckoro a3blka), AcHy BuliHny (nepeBogumk 1 KOPPEKTOP aHMNNCKOrO
Aa3blka), KapuHy AsarsiH (MepeBOAYMK U KOPPEKTOP PYCCKOro s3blka), a
Takke PagoBaHa MuwkoBuda (rpadpuyecknin pepaktop >KypHana wus
«BoeHHoWM Tunorpadumns»).

Ocobyto GnarogapHOCTb pedakuus BblipaXkaeT BCeM aBTopam,
OKaszaBLUMM JoBepue KypHany ,BoeHHo-mexHuydeckulli 8eCmHUK",
nybnukys B HeM cBom paboTbl, a Takke npeabliayLum pegaktopam,
peuUeH3eHTaM 1 YneHam pPeaKonnernm caMmoOTBEPXKEHHbIN JONTONEeTHUM
TPYA KOTOPbIX 00s13bIBAET BCEX YSIEHOB PEAKONMerMun, Kak B HacTosiee
BpemMsi, Tak M B Oyayuwiem, ycepaHO TpyaUTbCS B HanpasrieHuu
COBEPLLEHCTBOBaHUSA XXypHana.

c 1953,

e
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70 TOOMHA ,BOJHOTEXHWYKOI TTTACHUKA”

Hebojwa H. lNahewa

YHuBepauteT ogbpaHe y beorpagy, BojHa akagemuja,
Beorpag, Penybnuka Cpbuja

KATEFOPWJA (TWIM) YNAHKA: yBogHuMK

Caxemak:

YB0O0HUK npedcmasrba ocepm Ha jybunej Koju Hay4yHU Yacoruc
»,BojHomexHu4ku anacHuk” obenexaea y 2022. 200uHu — cedamdecem
200uUHa pedosHoz U HerpeKuOHoe usnaxera. Tum nosodom Pedakyuja ce
3axeasbyje ycmaHosama U JluyumMa Koja cy OorpuHesia Harpemky
yacoruca y rpomekxsiom rnepuody.

Krby4yHe peyqu:. BojHOmMexHUYKU 2racHUK, Hay4Hu 4acornuc, jyburej,
cedamdecema 2o0uwruya, 3axeasHocm.

BojHomexHuU4YKu 2nacHukK, Hay4dHu Yaconuc MuHuctapctea ogbpaHe
n Bojcke Cpbuje, y 2022. roguHun obenexaBa cegamaeceTy roguikbuly
CBOI PeAOBHOT N HENPEKMAHOT U3naxema.

Yaconuc je ocHoBaH Hapeabom HavenHuka MeHepanwTaba JHA, og
27. aprycta 1952. rogmnHe, kao HacTaBrbay Tpaguuuvje net gotagalltsux
yaconuca pogoBa W cnyxbu: Apmusbepujckoe anacHuka, TeHKOBCKoe
enacHuka, VIHxurepujckoe enacHuka, InacHuka eesa JA u lNo3zaduHe u
cHabdeesara JA, Koju cy nsnasunu y nepmogy og 1947. no 1952. roguHe,
n objaBremBanu cagpxaje U3 TakTuke u TexHuke. Hapegbom HauvenHuka
MeHepanwtaba JHA, og 16. peuembpa 1952. rognHe, dopmupaH je u
npeu ypehuBaykn opbop ,KOjM Yy AUPEKTUBHOM CMWUCIY PYKOBOAMU
ypehuBarweM yaconuca”, a npeu 6poj BojHomexHUYKo2 2riacHUKa n3allao
je n3 wramne y jaHyapy 1953. roguHe.

BojHomexHuU4YKU enacHUK HacTaBfba W Tpaguuuvjy nybnukauuja
BOjHOTEXHMYKOT KapaKTepa Koje Cy u3nasure y HalumMm paHujum apxxasama
(KparbeBnHn Cpbuju n  KparbeBuHu Jyrocnaewuju). ApTUIEPUCKO-
NHXunrepcku rnacHuk (1905-1906), ApTurbepucku rnacHuk (1926-1932),
MNMewaauncko-apTunepuckn rnacHuk (1933—-1941), Nnxnrepujckn rmacHuk
(1929-1940), BasgyxonnoBHu rnacHuk (1927-1941) n MopHapuykm
rnacHuk (1933-1940). (Gacéesa, 2012), (GaceSa & Jovanovi¢, 2012)

Yaconnc gaHac uma mehyHapogHu kapaktep. O6yxBaTa HayudHe,
OOHOCHO CTpyyHe obnactu y OkBupy 0Opa30BHO-Hay4YHOr Mnosba
NPUPOAHO-MaTEMATUYKNX HayKa, Kao W 06pas3oBHO-HAy4YHOr mnosba
TEXHUYKO-TEXHOMOLLKMX HayKa, a Hapo4uTo obnactn oabpambeHunx Hayka
n TexHonoruja. OBjaBrbyje Teopujcka WM MpakTUyHa AocTurHyha koja
OOMpMHOCE YyCaBpllaBaky CBMX YraHoBa CPMCKe, pernoHanHe u
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MehyHapogHe akagemcke 3ajegHuue, a nocebHO npunagHuka BOJCKU U
MUHUCTapCcTaBa oabpaHe.

WHaekcupaH je y 3HavajHum ceeTckuMm 6asama: DOAJ — Directory of
Open Access Journals, Redalyc — Scientific Information System, PUHL] —
Pyckun nHgekc HayyHor umtmpara, ISC — cnamckm umtaTHU MHOEKC 1 ap.
UnaH je OASPA (Open Access Scholarly Publishers Association) n COPE
(Committee on Publication Ethics). (Gaces$a, 2017)

MwuHKNCTapCcTBO NPOCBETE, HAaYKe N TEXHONOLLKOr pa3Boja Penybnuke
Cpbuje kateropuwe BojHomexHu4Yku enacHuk kateropujama M51
(,BPXYHCKM 4Yaconuc of HauumoHanHor 3Havaja“) u M52 (,uctakHyTm
HaumoHanHu Yyaconuc®), a LleHTap 3a eBanyauujy y obpasoBamy 1 Hayum
(LLEOH) popenuo je yaconucy kateropujy A3 (,4aconuc mehyHapogHor
noTeHLmjana u BPXyHCKOr n3aasadvkor ksanuterta®).

MoBogom oBoroguwker jyouneja Pegakumja ce nocebHo 3axBarvyje
Ha yka3aHOM NnoBepeny 1 NOMONK KOjy Cy y MPOTEKNIOM nepuoay npyxune
Konere m3 Hay4yHo-uHpopmaumoHor cuctema Redalyc. Redalyc, kojer
nogpxaea Autonomous University of the State of Mexico (UAEM),
MHOEKCMpao je BojHomexHU4YKU enacHUK y cBojy 6a3y, BoheH npuHuunuma
noapLuKe 4Yaconmcuma Koju Umajy OTBOPEHM MPUCTYN U HEnpouUTHY
opwujeHTauujy. Mupekcaumjom y Redalyc-y Hawem yaconucy je omoryheHa
HOBa M3y3eTHa Bu3yenusauuja, ¢ 063MpoOM Ha TO Aa Cy MHAEKCUpaHu
ynaHum BuarbueM y Buwe dopmarta: Intelligent viewer, Mobile viewer,
HTML, iPDF, PDF, ePUB.

Pepnakuuvja ce saxBarbyje Ha npegaHoMm v BpeQHOM pady U CBOjUM
ayroroavwkbnm capagHuumma: Jobpunn Munetuh (nektopy 3a Cprcku
jesunk), JacHn Buwruh (npesBoguouy K NEKTOpYy 3a EHrNEeCKU jesuk),
KapvHu ABarjaH (npesoguoLy 1 NekTopy 3a pycku jesunk), kao u PagoaHy
Muwkosuhy (rpaduykom ypegHuky Yyaconuca us ,,BojHe wtamnapuje”).

Takohe, 3axBanHOCT AyryjemMoO CBWM ayTopuMma Koju Cy ykasanu
noesepewe BOojJHOMEXHUYKOM 2/1aCHUKY, Kao U NPeTXogHUM ypeaHuumnma,
Te aHraxxoBaHUM peLeH3eHTMa 1 YnaHoBuMa ypefusadkux ogbopa, 4mju
Ayroroauilkn NOXPTBOBaHW paz obaBesyje cafawme n 6yayhe unaHose
Pepakuuje ga uctpajHo page Ha farbeM yHanpehewy vaconuca.

ol 1953

/\O.ﬂ bk
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Abstract:
Introduction/purpose: Certain integrals involving the generalized Mittag-
Leffler function with different types of polynomials are established.

Methods: The properties of the generalized Mittag-Leffler function are
used in conjunction with different kinds of polynomials such as Jacobi,
Legendre, and Hermite in order to evaluate their integrals.

Results: Some integral formulae involving the Legendre function, the
Bessel Maitland function and the generalized hypergeometric functions
are derived.
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Conclusions: The results obtained here are general in nature and could
be useful to establish further integral formulae involving other kinds of
polynomials.

Key words: Mittag-Leffler function, Generalized hypergeometric func-
tion, Bessel Maitland function, Jacobi polynomials, Hermite polynomials.

Introduction

This paper follows the lines of the companion paper (Haq et al, 2019)
involving the generalized Galué-type Struve function in which the same
topics are dealt here with the generalized Mittag-Leffler functions. As it is
well known, a special function:

()
a(@—%r(vk“), zv €C, R(v) >0, (1)
and its general form
£ (z):i& 20 €T, Rv) > 0,R(w) > 0 2)
v,w P F(Uk _l_w)? ) ) ’ )

are called Mittag-Leffler functions (Erdelyi et al, 1953a), C being the set of
complex numbers. The former was established by Mittag-Leffler (Mittag-
Leffler, 1903) in connection with his method of summation of some diver-
gent series. Certain properties of this function were studied and investi-
gated. The function defined by (2) appeared for the first time in the work of
Wiman (Wiman, 1905). The functions given by equations (1) and (2) are
entire functions of order y = % and of type o = 1 (see for example (Erdelyi
et al, 1953b)). By means of the series representations, a generalization of
the functions defined by equations (1) and (2) is introduced by Prabhakar
(Prabhakar, 1971) as:

— (P)kzk
P = E 7
gv,w(z) o F(Uk —|—w)k!’ v,w, p € C7 3%(U) > 07 %(w) > 07 (3)

where ) )
(p)kzp(p+1)...(p+k;_1):(£(—i_p)>’

whenever I'(p) is defined, (p)o = 1,p = 0. Itis an entire function of order
1= (1/v)[R(v)®]~1/2_ For various properties of this function with appli-
cations, see Prabhakar (Prabhakar, 1971). Further generalization of the
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Mittag-Leffler function &7, (z) was considered earlier by Shukla and Pra-
japati (Shukla & Prajapati, 2007) which is given as:

- (p)quk
P9 —
£ () kzo T(vk + w)k!’
with z,w, p € C, R(v) > max(0,R(q) — 1), R(q) > 0, 4)

which is the special case when ¢ € (0, 1) and min{R(w), R(p)} > 0.

In continuation of this study, Salim and Faraj (Salim & Faraj, 2012; Nadir
et al, 2014) introduced a new generalization of the Mittag-Leffler function
which was given as:

Sarn = (P
55,%7(3) = kzo m7 ()

(min{R(v), R(w), R(p), R(0)} > 0; p,g>0; z,v,w,p,0,€C).

Numerous generalizations and cases of the Mittag-Leffler function have
been studied and investigated, see for details (Singh & Rawat, 2013;
Wright, 1935b; Faraj et al, 2013; Dorrego & Cerutti, 2012; Srivastava &
Tomovski, 2009; Saxena et al, 2011; Khan & Ahmed, 2012).

Integral formulae involving the Mittag-Leffler functions have been deve-
loped by many authors, see for example, (Prajapati & Shukla, 2012; Pra-
japati et al, 2013; Gehlot, 2021; Purohit et al, 2011). In this sequel, here,
we aim to establish certain new generalized integral formulae involving the
new generalization of the Mittag-Leffler function. The main result presented
here is general enough to be specialized to give many interesting integral
formulae which are derived as special cases.

Integrals with the Jacobi polynomials

The Jacobi polynomials P77 (y) (Rainville, 1960; Srivastava & Manocha,
1984) may be defined by

1+ —n,14+o0+0+n; 1—
P,(l@’”)(y):( Q)n2F1|: 0 Y

nl o+l 2 | ©)
When ¢ = o = 0, the polynomial in (6) becomes the Legendre polyno-
mial (Rainville, 1960). From (), it follows that P\?”)(y) is a polynomial of
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the degree n and that

1+ 0)n

pley) = L

(7)
Here, we obtain the following integrals.

THEOREM 1.If p,q > 0 z,v,w,p,8,€ C, R(v) > 0,R(w) > 0,R(p) >
0,R(5) > 0 and R(&) > —1,0 > —1,0 > —1 then the following integral
formula holds true

1
/1 Yo (L= )2(L+ )P () ELLL (1 + y)"dy

(=2t (p+ hk 4+ 1D)I(n+ 04+ 1)I'(n + hk + 0 + 1)
nI'(n+hk+o+n+ 1)+ hk+o+n+2)
—&,n+hk+o0+1,n+hk+1;
n+hk+o+n+1l,n+hk+o+n+2;

X gp,§,q (2hz) X 3F2 [

U7w7p

(8)
Proof. Naming the left-hand side (LHS) of (8) as I; and using the defi-
nition (5), we have

1
= /1 v (1= )L+ ) P (y)ELS (1 + )"y

1 . vy o (D)iglz(1+ )"
I :/_lys(l_y) (1+y)"P} )<y>kZ_0 L(vk + w)(6)pk i

interchanging the order of integration and summation which is permissible
under the conditions of the theorem, the above expression becomes

N M ' (1 _.\e n+hk plo,o)
kz:()ww)(a)pk/_ly“ v A +y)TERE () dy. ©)

Apply the following formula (Saxena, 2008) on (9)

1
/ L=+ ) P )y

(=122t (i + DI (n+ o+ DI (n+0 + 1)
nTn+o+n+1)I'(n+o0+n+2)
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=&n+o+1,n+1;

10
n+o+n+lnt+ot+n+2; (19)

x3Fy

provided that o > —1 and ¢ > —1, and we get the desired result.

THEOREM 2. If p,q > 0 z,v,w,p,d,€ C, R(v) > 0,R(w) > 0,R(p) >
0,R(5) > 0 and R(&) > —1,0 > —1,0 > —1 then the following integral
formula holds true

1
/_1(1 —9)"(1+y) P (y) PP (y) €024 [2(1 — y)"]dy

210D (1 4+ m)['(1+ 0+ n)

m'n'
> (L p4+0+m)g = (—m)i(1+ pu+ 60 +m);
szo 1+u+k)(k') Z T(1+ p+ k(1)
xELLL (M AB(L+n+hk+k+1,1+0). (11)

Proof. Denoting the LHS of (11) by I, and using definition (5), we get

1
I= /_ 1(1 —9)"(1+ )7 P (y) PI () E059 [2(1 — )" dy

k 1
§: vk+w >k/<1—w““u+yfa?@@ﬁ#mwwy(m)
p

Now, using (6) in (12), we get

= (Prg(2)" 1+um = R+ p 404+ m)
I, —
kZOF(Uk—i-w)( z% 1—|—u K2k k!
1
X/ﬁﬂ—yﬁ”*%ﬂ+yVR?@@My (13)
—1

I, i (Prg(2)* T +p+m)l(L+o+n)

— I'(vk + w)(9)pk mlin!
i(— )(1+,u+9—|—mk§: (1 +p+0+m)
— T(1+ u+ k)2F (k! — 1+u+l)2l(l')
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1
x / (1 — )RR (L 447 Pe?) (y)dy, (14)
-1

but by the formula found in (Rainville, 1960; Srivastava & Manocha, 1984)
1

/ (L=y)" (L +y) 7 dy = 22" FHB(L 4+ 0,1+ 0 +n),  (15)
-1

using itin (14), we get the required result.

THEOREM 3. If p,q > 0 z,v,w,p,d,€ C, R(v) > 0,R(w) > 0, R(p) >
0,R(0) >0and o > —1,0 > —1, then

1
/_ (=) (1) P <y>85;:§3,[z<1 )1+ y)lldy

2#+9+1 1+gn§: k(14040 +n)y
| |
n! — (1+ 0)r(K!)
XELLLAMANB(L + pu+ hk + k, 1+ 0 + th). (16)

Proof. Denoting the LHS of (16) by I3,

1
I3 = /1(1 —y)"(1+y)" P (y )557233[ (1—y)"(1 +y)dy

& k 1
L= y)P (1 4 )P TR Pleo) (y)dy, 17
Zomw 5 [ Aty Wy (7)

Now, using (6) in (17) we have

= (P)kg(2)" 14+ 0)ns= (—n)r(1+o+o+n
I3:Zp Pk (1+0) Z( >’zi+g£))k2’fk! )k

1
> / (1 - y)n+,u+hk+kfn(1 + y)n+0+tkfndy7 (18)

further, using (15) in (18) we attain the desired result.

THEOREM 4. If p,q > 0 z,v,w,p,d6,€ C, R(v) > 0,R(w) > 0,R(p) >
0,%(5) >0and o> —1,0 > —1, then

J I R T T R
-1
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2““’+1 1—1—@ f: r(14+ o040 +n)
n! — 1+g )i (k)
xgggf;( 2)B(1+ p+k, 1+ 60— hk). (19)

Proof. Denoting the LHS of (19) by 14,

1
L= / 1<1f §)(1+ )’ P ()E39 [(1 + )~ dy

k 1
_ 9—hk p(o,0)
=ty [0 R o

Now, using (6) in (20) we attain

o (Pr(2)* +Qn > (1+o+o0+n)
I —
4 kZ:OF(’Uk-i—w)( ZO 1+g )2k k!
1
% /1(1 _ y)n+u+k—n(1 + y)n+9—hk—ndy (21)

further, using (15) in (21) we attain the required result.
THEOREM 5. If p,q > 0 z,v,w,p,d6,€ C, R(v) > 0,R(w) > 0,R(p) >
0,R(5) >0and p > —1,0 > —1, then

1
/ (1= (14 0) P LG (1 = )" (1 + )y

240 (14 ), i (—n)r(l+ 0+ 0 +n)y
(

n! n! Pt + 0)i(k!)
XELLTQNTTAB(1 + o+ hk + k, 1+ 0 — tk). (22)

Proof. Denoting the LHS of (22) by I5,
1
Is = / (1= y)*(1+9) P (9)ELZL[2(1 — )" (1 + ) ']dy

1

1
= Z r Uk + o) ) ; / (1= )" (14 ) PE (y)dy,  (23)
p
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now using (6) in (23) we attain

i z’f 1+gn§: K14+ o0+04n)
- Uk:+w — (1+ 0),2kK!

1
« / (1 o y)nJr,quthrk:fn(l + y)n+97tkfndy (24)
-1

further, using (15) in (24) we attain the required result.

Some special cases

If we replace n by ¢ — 1 and put o = 0 = u = 6 = 0 then the integral
I, transforms into the following integral involving the Legendre polynomial
(Rainville, 1960)

1
I = / (1= P e 0 — )y

o= 3 ZEml bm)e 5 (il +m)

12 12
— (k") Py 1!

x ELS2M)B(1+ &+ hk+k+1,1). (25)

Ifo = 0 =0, pis replaced by . — 1 and 6 by 6 — 1, then the integral
I3 transforms into the following integral involving the Legendre polynomial
(Rainville, 1960)

1
F= [ (=) P)EEE 0 — )" 1+ 9}y

B e 2M+9*1(—n)k(1 +n)k
= 2
— (k!)
Xgp,aq(2h+t )B(1+ p+ hk + k, 0 + tk). (26)

U,W,p

]

If o =0 =0, pis replaced by p — 1 and 6 by # — 1 then the integral
I3 transforms into the following integral involving the Legendre polynomial
(Rainville, 1960)

1
Iy = / (=T () T PRI - )"+ )y
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> 2“+9_1(—n)k(1 + n)k
(k!)?

X ELSD (2N NB(1 + pu + hk + k, 0 — tk). (27)

U7w7p

Iy =

k=0

Integral with the Bessel Maitland function

The special case of the Wright function (Erdelyi et al, 1953b), see also
(Wright, 1935a,b) written in the form

)

B > 1 2k 08
) & _kZ::OF(Ak—I—a)k!’ (28)

with complex z,a € Candreal A € R. When A =n,a=v+1and zis
replaced by —z, then the function ¢(n, v + 1; —2) is defined by J//(z)

d(—; A, a;2) = on

(A, a

1 (—2)*

+v+1) k7 (29)

6lnv+15-2) = J2) = 3 g
k=0

and such a function is known as the Bessel Maitland function, or the
generalized Bessel function, or the Wright generalized Bessel function,
see (Mcbride, 1995).

THEOREM 6. If p,qg > 0 z,v,w,p,0,€ C ,R(v) > 0,R(w) > 0,R(p) >
0,R() >0, 0—por > —-1,0>0,0< 7 < land R(u+ 1) > 0, then
the following integral formula holds true.

1
[ Pyl iy = o D xedn ). @0

Proof. Naming the LHS of (30) as Iy, we obtain
1
b= [ W T Wy
. - (p)qkzk > utoky 7T
Iy=>" Tk )@y < ), ¢TI Wy (31)

Now we know the formula, see (Saxena, 2008)

P(p+1)

l+v—7—71p)’ (32)

|-
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provided ®(p) > —1,0 < 7 < 1.

Using (32) in (31), we attain

o0

B (p)gr?"* T(u+ ok +1)
D=2 Tkt TAFv—r — (i 5 2’

k=0

hence proved.

Integrals with the Legendre functions

The Legendre functions are solution of Legendre’s differential equation,
see (Erdelyi et al, 1953a)

2 w
(-5 22 e+ 1) -~ -2 =0, (33)

where z, v, w are unrestricted.

Under the subsitution w = (22 — 1)*/?v in (5.1) becomes

d’v
2

(1 —Z )@
and with A = 1/2—2/2 as the independent variable, this differential equation
becomes

—2(w+1)z%+[(1/+w)(l/+w+1)]1/:(), (34)

dv dv
A1 — )\)d)\2 (w+ )(1—2)\)a+[( w(v+w+1)y=0.  (35)
This is the Gauss hypergeometric type equation with a = w — v,b =
v+w+l,c=w+1.
Hence it follows that the function

w/2

1 z4+1 —v,v+1;

_ plw _ ) o

W =P = 5 w)<z_1> 2F1[ SUT ez, (36)

)

for|1—z|<2
is a solution of (33).

The function P¥(z) is known as the Legendre function of the first kind
(Erdelyi et al, 1953a). It is one valued and regular on the z—plane, sup-
posed cut along the real axis from 1 to —cc.
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THEOREM 7. If p,q > 0 z,v,w,p,6,€ C, R(v) > 0,R(w) > 0,R(p) >
0,R(0) > 0 and 6 > 0 and n is a positive integer then

1
/0 ()"~ (1 = )P () €L [2(y) ) dy

_ CY)m (w4 4 1)

F(l—n—i—y)
.- (0 + ok) 1
E%F 1/2+ %% +n/2 - v/2)0 (1+0+gk+77/2+1//2) bah(e/2). @)

Proof. Denoting the LHS of (37) by I,

1
Lo = /0 (1)°1(1 — )21 () €054 [2 () ]dy

_ - (p)qkzk /1 6—1+0k 2\1/2 pn
I —kZOIWw)((S)pk X ; Y (1 —y*)"=P](y)dy. (38)

Now the integral in (38) can be solved by using the formula (Erdelyi et
al, 1953a)

/0 Y11 — )2 PI(y)dy

_ (_1)?7\/7?2—9—77I‘(9)F(V +n+1) (39)
(T(1/2460/24+n/2—v/2)TA+60/2+n/24+v/2)(1—n+v)’

provided R(6) > 0,7 =1,2,3,....

Now (38) becomes

. - (p)qkzk
ho = kzo D0k + ) (0)pr

(—1)v/72~ 4D (0 + gk)D(n + v +1)
T(1/2+ 22 1 n/2 — w201+ 5 4 p/2 4+ v/2)D(1 —n+v)
which is the desired result.

THEOREM 8. If p,q > 0 z,v,w,p,d,€ C, R(v) > 0,R(w) > 0,R(p) >
0,R(0) > 0 and 6 > 0 and n is a positive integer then

1
/0 ()" (1 = y*) PRI (y)ELNS 2 (y) ) dy
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B _o I'(0 + ok)
= v Z T(1/2+ 52 —p/2 —v/2)0(1 + 5 2 —v)2)

xEP2a (7/29). (40)

U,w,p

Proof. Denoting the LHS of (40) by I3,

1
Iy = /0 ()" (1 = )P y)ERSL () )dy

(p)qkzk /1 0—1+pk 2\ —
- __ gk 1_ n/2 pn
I kzo I'(vk + W)(5)pk x o Y ( y°) P(y)dy, (41)

now the integral in (41) can be solved by using the formula (Erdelyi et al,
1953a)

/O Y711 — y») 2P (y)dy

_ JFI0(9) )
r1/2+6/2—n/2—v/2)T(1+6/2—n/2—v/2)

provided R(6) > 0,7 =1,2,3,....

Again (41) becomes

Z i
r Uk:—i-w (0)pi

SR (9+@k>+nr(9 + ok)
T(1/2+ 52k _ /o —p/o)r(1+ 2k 2 —v)2)

Integrals with the Hermite polynomials

The Hermite polynomials H,(y), see (Rainville, 1960; Srivastava &
Manocha, 1984) may be defined by means of the relation

exp(2yt — t?) =

; (43)

valid for all finite y and ¢. Since

exp(2yt — t?) = exp(2yt) exp(—t?)
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& 2 ntnoo 1kt2k
_Z y. Z )

e
n=0 k=0 n—2k L
It follows from (43) that
R (1) 2y e

(44)

Huly) = Z (n — 2k)1k!

The examination of equation (44) shows that H,(y) is a polynomial of
degree precisely n in y and that

Hn(y) =2"y" + m—2(y) (45)
in which ,,_»(y) is a polynomial of the degree (n — 2) in y.
THEOREM 9. If p,q > 0 z,v,w,p,d,€ C, R(v) > 0,R(w) > 0,R(p) >
0,R(6) >0and h >0 R(n) =0,1,2... then

| Pt s )82 =)y

— 00

. I'(2u—hk+1)
_ 22(1/ u p:6,q 22h . 4
SN Z:OW oD X G (46)

Proof. Denoting the LHS of (9) by I15, we have

s = / " ()" exp(— ) Ha () 255 [2()~ ]y

qkz > ou—ohk _y?
Z r vk ) O /_ P o) Ha )y, (4T)

now the integral in (47) can be solved by using the formula (Saxena, 2008)

o0 20-m7 (20 + 1
20 —y? _ ﬁz ( H+ )
/OO y(exp) ™ Hay(y)dy v+l (48)
Again (47) becomes
i P) gk 2" y /22— @ut2hR) (2, — 2Rk + 1)
Uk‘+w )(0)pke I(p—hk—v+1) '
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THEOREM 10. If p,q > 0 z,v,w,p,0,€ C, R(v) > 0,R(w) > 0,R(p) >
0,R(5) >0and h >0 R(u) =0,1,2... then

| o) )8 252y

—00

= Vr2*H) i

k=0

I'(2u + 2hk + 1) 0.5, (0—2h
94 (D . 49
Rl b=y o 1) < Eha7") (49)

Proof. Denoting the LHS of (10) by I3, we have

I = / () exp(—y”) Haw (y)E£% [2(y)**]dy

(P)qkzk / 2p+2hk —y?
= — H,, , 50
I3 kgof(vk BION |y (exp) 2 (y)dy (50)

using the formula mentioned in (48), then the above expression (50), we
get the desired result.

Integrals with the generalized hypergeometric functions

A generalized hypergeometric function (Rainville, 1960) may be defined
by

(0)1,(0)2, - (0)p; . > Mzn
rla (0)1,(0)2, cveeenne (0)gs3 ]_Z ] (51)

in which no denominator parameter ¢, is allowed to be zero or a negative
integer. If any numerator parameter g; in (51) is zero or a negative integer,
the series terminates.

=
H\
—~
S
~—
3

n=0

THEOREM 11. The following integral formula holds true,
t
/0 W)t =) o Fl(Lp); (mg) = ay?(t — y)71ELSL[2y" (t — y)"]dy

U7w7p

= ELDI (2T ) T OTIN " f ()t OR X B+ uk + ok, 0 + vk + ok), (52)
k=0
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where

k) = )y - (Ip)k (53)

provided

(1) R(v) > 0,R(w) > 0,R(p) > 0,R(0) >0andp,q >0,
(2)R(0) > 0,R(v) > 0 (both are not zero simultaneously),
(3) 0 and o are positive integers such that o + o > 1.

Proof. Representing the LHS of (11) by I;5, we have
t
Iis = /0 W) (= 9)" F); (mg) = ay®(t — y)T1ELSL 2y " (t — y)"1dy

o - (p)qkz
hs = kzo D0k + @) (0)pr

/0 g T = /)R (1) (my) < ay?(t — y)°ldy,

k:te-‘rvk— 1

putting = = st and dz = tds, then we get

X

e Sputv ktu+9—1

— L(vk + w)(9)pk

1
[P ) R B ) 0t o1 )% ds.
0
The remaining theorems could be proved in a completely analogous fash-
ion.

THEOREM 12. The following integral formula holds true,
t
I = /0 W)t =) o Fl(lp); (myg) = ay®(t — ) 1ELSL L2y~ (¢ — y)~"]dy

I = ERSA (2t~ )OI " F(R)E TR S By — uk + ok, 6 — vk + ok),

V,W,p
k=0
(54)

where f(k) is defined in (53)
provided
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(1) R(v) > 0,R(w) > 0,R(p) > 0,R(0) >0andp,q >0,
(2)R(0) > 0,R(v) > 0 (both are not zero simultaneously),
(3) 0 and o are positive integers such that o + o > 1.

THEOREM 13. The following integral formula holds true,
t
L7 :/0 )"t = ) P Fal(lp); (myg) = ay(t — y)71ELSL 2y (£ — y)~*]dy

Ly = 054 (atum)prto1 Z FR)E TR B(p + uk + ok, 0 — vk + ok),
(55)

where f (k) is defined in (53)

provided

(1) R(v) > 0,R(w) > 0,R(p) > 0,R(4) > 0andp,q >0,
(2)R(0) > 0,R(v) > 0 (both are not zero simultaneously),
(3) 0 and o are positive integers such that o + o > 1.

THEOREM 14. The following integral formula holds true,
t
I :/0 )"t =)’ o Fl(lp); (mg) : ay®(t — )7 1ELLS 2y~ (t — y)"1dy

Ig = LY (2t~ )OI " F(R)E TR S By — uk + ok, 0 + vk + ok),
k=0

(56)

provided

(1) R(v) > 0,R(w) > 0,R(p) > 0,R(d) >0andp,q >0,
(2)R(0) > 0,R(v) > 0 (both are not zero simultaneously),
(3) 0 and o are positive integers such that o + o > 1.

Conclusions

Certain new generalized integral formulae involving the Generalized
Mittag-Leffler Type functions with many types of polynomials were esta-
blished in this study. The results obtained here are general in nature and
yield to many interesting formulae which are derived as particular cases.
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HEKOTOPbIE MHTEIPAJIbl C OBOBLLUEHHBLIMA
OYHKUNAMU TUNA MUTTAT-NIEQDJIEPA

Cupa3syn Xak?, Mazau AdaH®,

Moxammad Caud Kxan®, Hukona ®abuaHo®

& Ix.C. YnueepcuTteT LLnkoxabap, AenapTaMeHT NpUKnagHbIX Hayk,
r. ®uposabag, wrat YT1rap-Mpagew, Pecnybnuka MHous

6 YHuBepcuteT MeguunHcknx Hayk Cedako Makrato, kacdegpa
MaTeMaTuK1 U NPUKNagHON MaTeMaTuku,
la-PaHkyBa, KOxHasa Adpuka

® Benrpaackuii yHuBepcuteT, UHCTUTYT siAepHbIX MCCriefoBaHuiM
«BuH4ya» — MHCTUTYT rocygapcTBeHHOro 3HaveHus ans Pecny6nukm
Cepbus, . benrpag, Pecny6nuka Cepbusi, KoppecnoHAeHT

PYBPUKA TPHTW: 27.23.17 OuddepeHumansHoe n
WHTErpansHoe ncyncneHne
27.23.21 WNHTerpanbHble npeobpa3oBaHus.
OnepaumoHHoe ncymcneHme
27.23.25 CneuuanbHble yHKLMK
BWL CTATbW: opurimHanbHas Hay4Hasi cTaTbsi

Pesrome:

BeedeHue/uenb: B 0aHHoU cmambe ycmaHoerneHbi orpede-
JNIeHHble UHMeaparbl, 6KoHaruue 0000WEHHY YHKUUIO
Mummaea-Jlechcbriepa ¢ paznuyHbIMU munamu MHO204/1I€HO8.

Memoosbi: Ceolicmea o0606uweHHoU yHKuuu Mummae-
Jlechpniepa ucnonb3yromcsi 8 coyemaHuu C  PasfnuyHbIMU
sudamMu MHO204/1eHO8, makuMu Kak 5lkobu, JlexxaHop u Spmum
01151 OUEeHKU UX UHmezparsios.

Pesynbmamei: [lonyyeHbl HeKomopble uHmeeparbHble ¢hop-
Myrnibl, ekmoqarowue chyHkyuto flexaropa, gyHkuyuro beccerns
MelimnaHOa u 0606uieHHbIe aurnepeeomempuyeckue yHKUUU.

Bbi60o0bl: lMonydyeHHble pe3dynbmamel HocSm obwuli xapakmep
u Moaym 6bimb rnone3Hsl Orisl ycmaHoeieHus1 0anbHelwWux UH-
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meaparbHbIX hopMys1, 8KroYaWUx Opyaue 8udbl MHO204s1e-
Hos.

Knouesbie criosa: yHkuuss Mummae-Jlegpcbrniepa, 0606- weH-
Has aurnepzeomempuyeckass QyHKUus, yHkyus beccens—
Meidmnenda , MHO2041€HBI 5IKOBU, MHO204AEeHbI SpMuma.

HEKN MHTEMPATT KOJW YKIbYYYJY TEHEPANIM30BAHE
MUTAI-NEPNEPOBE YHKLINJE

Cupa3syn Xak?, Mazu AcdaH®, Moxamed Caud Kan®, Hukona ®abnaHo®

@ Yuueepautet J.C. LUnkoxabag, Operbere 3a NpMmMeH-eHe Hayke,
®uposabag, .M., Penybnuka UHanja

5 YHuBepauTeT 3gpaBcTBeHNX Hayka Cedbako MakraTo,
[JenapTmaH 3a matemMaTuky 1 NpUMMeHeHY MaTemaTuky,
la-PaHkyBa, Penybnuka JyxxHa Adppuka

® YHueepauteT y beorpagy, MHCTUTYT 3a HykneapHe Hayke ,BuHya” -
MHcTuTyT oa HaumoHanHor 3Havaja 3a Penybnuky Cpbujy, beorpag,
Peny6nuka Cpbuja, ayTop 3a npenucky

OBJIACT: matemaTuka
KATEFOPWJA (TUM) YNAHKA: opurmHanHiu Hay4yHu pag

Caxxemak:

Yeod/uuss: [eghuHucaHu cy HeKu uHmezparu Koju yKrby4dyjy ee-
Heparnu3oeaHy Mumae-flecbrieposgy byHKUUy ca pa3nuyumum
epcmama rosluHoMa.

Memode: Ceojcmea eeHepanu3oeaHe Mumae-/leghriepose
yHKUUje Kopucme ce Ha pas3nuyumum epcmama rosiuHoma,
kao wmo cy Jakobujesu, [flexxaHOposu, Epmumosu, kako bu
o00pedursnu Huxose UHMeezparie.

Pesynmamu: W3eedeHe cy Heke uHmezparnHe ¢hopmyre Koje
yKkrby4yjy JlexxaHdposy gpyHkuujy, becen-MejmnaHdosy ghyHKUU-
Jy U 2eHeparnusoeaHe xuriepeeoMmempujcke hyHKuuje.

Bakmpyuak: [obujeHu pe3ynmamu cy ornwme rpupode u moanu
6u bumu KopucHuU 3a ymephusare Opyaux uHmezpasnHux ¢gop-
Myna Koje ykrby4dyjy Opyae eapcme rnoriuHoma.

KmbyyHe pedu: Mumae-flegbrieposa hyHKyuja, 2eHeparnu3oeaHa
xunepaeomempujcka pyHkyuja, becen-MejmnaHdosa hyHKUU-
Ja, Jakobujesu nonuHomu, EpmMumosu rnosuHoMu.
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Abstract:

Introduction/purpose: The aim of this paper is to introduce the notion
of an interpolative generalised Meir-Keeler contractive condition for a
pair of self maps in a fuzzy metric space, which enlarges, unifies and
generalizes the Meir-Keeler contraction which is for only one self map.
Using this, we establish a unique common fixed point theorem for two
self maps through weak compatibility. The article includes an example,
which shows the validity of our results.

Methods: Functional analysis methods with a Meir-Keeler contraction.

Results: A unique fixed point for self maps in a fuzzy metric space is
obtained.

Conclusions: A fixed point of the self maps is obtained.

Key words: Fuzzy metric space, common fixed points, weak compatibil-
ity, Interpolative generalised Meir-Keelar contraction.

Introduction

In 1965 L. Zadeh (Zadeh, 1965) introduced the theory of fuzzy sets.
Later on, in 1978, the concept of a fuzzy metric space was introduced
by Kramosil and Michalek in (Kramosil & Michalek, 1975), which was
modified by George and Veeramani (George & Veeramani, 1994) in order
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to obtain a Hausdorff topology for this class of fuzzy metric spaces. Then
in year 1988, Grabiec (Grabiec, 1988) gave a fuzzy version of the Banach
(Banach, 1922) contraction principle in the setting of a fuzzy metric space.
Over the past years, various authors have tried to generalize the fixed point
theorem by modifying and varying the contractive condition, see, e.g.,
(Gregori & Sapena, 2002), (Jain & Jain, 2021), (Mihet, 2008), (Saha et al,
2016), (Tirado, 2012) and (Wardowski, 2013) in the sense of George and
Veeramani. In 2019, Zheng and Wang (Zheng & Wang, 2019) introduced a
Meir-Keeler contraction in the setting of a fuzzy metric (Schweizer & Sklar,
1983) space and proved some fixed point results for a self map.

Inspired with the interpolative theory, Karapinar and Agrawal (Karapinar
& Agarwal, 2019) introduced the notion of an interpolative Rus-Reich-Ciri¢
type contraction via the simulation function in a metric space. Motivated
by this paper, we introduce an interpolative generalised Meir-Keeler con-
traction (Gregori & Minana, 2014) for two self maps (Rhoades, 2001) in the
setting of a fuzzy metric space, which enlarges, unifies and generalizes
the existing Meir-Keelar contraction in a fuzzy metric (Mihet, 2010) space
through weak compatibility (Banach, 1922).

The structure of the paper is as follows:

After the preliminaries, we introduce a interpolative generalised Meir-
Keeler contraction in the setting of a fuzzy metric space. Then we study
the Meir-Keeler contractive mapping due to Zheng and Wang (Zheng &
Wang, 2019). In section 4, the existence of a unique common fixed point
of an interpolative generalised Meir-Keeler contractive mapping has been
established through weak compatibility followed by an example.

Preliminaries

DEFINITION 1. (George & Veeramani, 1994) A mapping = : [0,1] x [0,1] —
[0,1] is called a continuous triangular norm (t-norm for short) if x is conti-
nuous and satisfies the following conditions:
(i) = is commutative and associative, i.e. a * b = b *x a and
ax*(bxc)=(axb)xc foralla,b,cel0,1];

(i) 1xa =a,forallac0,1];

(iii) axc<bxd,fora<b,c<dfora,b,cdel01].
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The well-known examples of the t-norm are the minimum t-norm x,,,, ax,,
b = min{a, b} written as x,, and the product t-norm *,a x b = ab.

DEFINITION 2. (George & Veeramani, 1994) A fuzzy metric space is an or-
dered triple (X, M, x*) such that X is a (nonempty) set, x is a continuous
t-norm and M is a fuzzy set on X x X x (0,+o00) satisfying the following
conditions, for all z,y,z € X andt,s > 0;

(GV1) M(x,y,t) > 0;

(GV2) M(x,y,t) = 1ifandonly if x = y;

(GV3) M(z,y,t) = M(y, z,t);

(GV4) M(x,z,t+s) > M(x,y,t) x M(y, z,5);

(GV5) M(x,y,.) : (0,+00) — (0, 1] is continuous.

Note that in view of the condition (GV2) we have M (z,z,t) = 1, for all
x€ Xandt>0and M(z,y,t) <1,forall x #yandt>0.
The following notion was introduced by George and Veeramani in (George
& Veeramani, 1994).

DEFINITION 3. (George & Veeeramani, 1994) A sequence {x,} in a fuzzy
metric space (X, M,x) is said to be M-Cauchy, or simply Cauchy, if for
each ¢ € (0,1) and each t > 0 there exists an no € N, such that
M(zy, xm,t) > 1 — €, for all n,m > ng. Equivalently, {xz,} is Cauchy if
limy, ;400 M (2, Tm,t) = 1, forall t > 0.

LEMMA 1. (Grabiec, 1988) Let (X, M, ) be a fuzzy metric space. Then
M(x,y,.) is non-decreasing for all x,y € X.

THEOREM 1. (George & Veeramani, 1994) Let (X, M, x) be a fuzzy met-
ric space. A sequence {x,},cn in X converges to x € X if and only if
limy, 00 M (xp, x,t) = 1.

DEFINITION 4. (George & Veeramani, 1994) (X, M, x) (or simply X) is called
M-complete if every M-Cauchy sequence in X is convergent.

LEMMA 2. (Saha et al, 2016) If x is a continuous t-norm {cu,},{Bn}, {1}
are sequences such that o, — «, 8, — 8 and v, — ~v asn — +oo then

mk_H_oo(Oék * 5k; * ’Yk;) = %k mk—>—‘,—c><35k *7,
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and
limy,_, oo (g % B+ k) = ax limy,_, o By * 7.

LEMMA 3. (Saha et al, 2016) Let {f(k,.) : (0,400) — (0,1];k =0,1,2,...,}
be a sequence of functions such that f(k,.) is continuous and monotone
increasing foreach k > 0. Then limy,_, . o f (k, ) is a left continuous function
intand lim,_, ,  f(k,t) is a right continuous function in it.

Denote A = {4/ : (0,1] — (0, 1]} where ¢ is right continuous.

DEFINITION 5. (Zheng & Wang, 2019) Let (X, M, ) be a fuzzy metric space.
Amapping f : X — X is said to be a fuzzy Meir-Keeler contractive mapping
with respect to § € A if the following condition holds:

forall e € (0,1),e —0(e) < M(x,y,t) < e implies M(fz, fy,t) >¢, (1)
forall z,y € X,t > 0.

DEFINITION 6. (Jain et al, 2009) Two self maps [ and g in a fuzzy metric

space (X, M, x) are said to be weakly compatible if they commute at their

coincidence points i.e. for x € X, fr = gx = y implies gy = fy.
Interpolative generalised Meir-Keeler contraction

DEFINITION 7. Let (X, M, x) be a fuzzy metric space. A pair (f,g) of self
maps in X is said to be an interpolative generalised Meir-Keeler contractive
if there exists o, 5 € [0,1) witha+ < 1 and forall z,y € X,t > 0

forall e € (0,1),e —d(e) < M(x,y) < e implies M(fz, fy,t) >¢, (2)
where
M(z,y) = (M(fz, gz, ) (M(fy, gy,1)) (M (gz, gy, 1))}~

REMARK 1. From equation (2) for all z # y € X,t > 0 the pair (f,g) is a
strict contraction i.e.

M(fz, fy,t) > M(z,y).
Thus for z # y.

M(faz, fy.t) > (M(fz, gz, t))*(M(fy, gy.t))* (M (gz, gy, )T~ (3)
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REMARK 2. Taking g = I, the identity map in equation (2)we obtain
forall e € (0,1),e —d(e) < M(x,y) < e implies M(fx, fy,t) >¢€, (4)
where
M(z,y) = (M(fz,z,6))*(M(fy,y,)" (M (w,y,£)) =7

which is an interpolative generalised Meir-Keeler contraction, for a self map
f.
REMARK 3. Taking o = 0,5 = 0 in equation (4) then M(z,y) = M(z,y,t)
and we have

forall e € (0,1),e —d(e) < M(z,y,t) < e implies M(fz, fy,t) >¢, (5)
which is precisely the Meir-Keeler contraction, for a self map given by

Zheng and Wang (Zheng & Wang, 2019).

LEMMA 4. (Zheng & Wang, 2019) If 6 € A, then fort € (0,1), there exists
k = k(t) € N such that

t+%<1and5(t+@)—¥>0.

Before we prove the main result, we prove the following lemma:

LEMMA 5. Let (f,g) be a pair of an interpolative Meir-Keeler contrac-
tive mapping with respect to 6 € A and f(X) C g(X). Construct
a sequence {y,}, by fx, = grpnt1 = yn, forn = 0,1,2,.... Then
limy, 400 M (Yn, Yn+1,t) = 1.

Proof. Suppose if possible on the contrary that lim,,_, oo M (yp, yn+1,t) =
p(< 1). For a, g € ]0,1) we have

. - (M (fxn, 920, ) (M (fTni1, gTni1,t))?
HETOOM(xn7xn+1) - HETOO{ (M(g$n>g$n+1at))(1_a_6)
= lim { (M(?/n’yn—l’t))o‘(M(ynH,yn,t))ﬂ}
n—+00 (M(yn_17yn+7t))(1—a_5)
= i a8, (1-a—p)
Jm (ppp )
pr— p'

By using lemma (4), forp < 1 and 6 € A we can find k£ = k(p) € N such
that
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5 B 5
p+%<1and6(p+%)f%>0.

Since lim,,_, 4 oo M (zy, zy+1) = p, We can find ng such that when n > ny,

M(mn,:cn+1)>p+5(km—5<p+6(km>. (6)

Also, there exists n; such that whenever n > n;,

M(zy, Tni1) <p+5(kp). (7)

Let n > max{ng,n;}. Then both equations (6), and ( 7) hold for such n.
Taking e = p + @, in equation (2) we get

M(fxnafl‘n+lat) >p+ 5(kp)a

i. e MYn,Ynt+1,t) > p + @, which contradicts the fact that
limy,—y 0o M (Yn, Yn+1,t) = p. Therefore, lim,,, y oo M (Y, Yn+1,t) = 1. O

Main results

Ouir first new result is the next one:

THEOREM 2. : Let f and g be self maps in a fuzzy metric space (X, M, x)
satisfying the following conditions:
(4.11) f(X) € g(X);

(4.12) The pair (f, g) is an interpolative generalised Meir-Keeler contraction;
(4.13) f(X) is complete;

(4.14) The pair (f,g) is weakly compatible.

Then f and g have a unique common fixed point in X if and only if there
exists xo € X such that A\, , M(xo, f(xo),t) > 0.

Proof. :  Suppose the pair (f,g) has a unique common fixed point
u then v = fu = gu. Therefore, M(u, fu,t) = 1,v¢ > 0. Hence
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Niso M (u, fu,t) > 0.

Conversely, suppose that there exists zg € X such that
Aiso M (o, f(x0),t) > 0. Construct a sequence {y,}, by defining
fxn = grni1 = yn, forn =0,1,2,.... First we show that if the two maps
f and g have a common fixed point then it is unique. Let v and v be two
common fixed points of f and g. Then v = fu = guand v = fv = gv. We
show that u = v.

Suppose, on the contrary that v # v, then fu # fv. Now

M(u,v) = (M(fu,gu,t)*(M(fv,gv,1)*(M(gu, gv, )17,
(M (u,u, t))*(M (v, v, ) (M (u, v, t) 372,
= (M(u,0,)0779),

Now

M(u,v,t) = M(fu, fu,t),
> M(u,v), using (3)
= (M(u,v,t)=2=H

i e. M(u,v,t) > (M(u,v,t)) =5,
implies

(M (u,v,1)) @+ > 1,
which is not true as the left hand quantity is less than 1.So0 u = v. Thus, if
the pair (f, g) has a common fixed point then it is unique.
Step 1 To see the existence of a common fixed point of the self maps f
and g, we consider the following cases.
CASE | Suppose any two terms of the sequence {y,} are equal i. e. for
some n € N,yn = Ynt1- AS Yn = fTn = gTnt1 = fTny1 = 9Tni2 = Ynt1
we have fzr,+1 = grn1. Let fo,1 = gy = 2. So 2,41 is a point of
coincidence of the pair (f,g). As the pair (f,g) is weakly compatible we
have fz = gz. Now we show that fz = 2. Suppose, if possible on the
contrary, that fz # z so fz # fx,+1. By using equation (3) we have

M(z, fz,t) = M(fzapr, fz1),
> (M(fni1, gni1, ) (M(f2,92,0)° (M(gzns1, g2, 1)),
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= (M(z,2,8))(M(f2, f2,0)°(M(z, fz,)) 77,
= (M(z, fz, 1)) 7P,

ie.
M(z, fz,t) > (M(z, fz,t))3=>8) forall t > 0 implies (M (z, fz,t))+F) >
1, which is not possible. Hence fz = 2. Therefore, z is a common fixed
point of the pair (f, g) in this case.

So we can assume the consecutive terms of the sequence {y,} are
distinct.

Again, to see the existence of a common fixed point in other cases, we
first show that all the terms of the sequence {y,,} are distinct.
CASE Il Suppose y,, = ym,, for some m > (n + 1), then as all the consec-
utive terms of the sequence {y,} are distinct, we claim that y,,+1 = ym+1-
Suppose if possible on the contrary y,+1 # ym+1 then y, # y,i1 #
Ym+1l # Ym implies y, # vy, Which contradicts our assumption. So we
have y,+1 = ym+1- Also and

M (Yn+1,Ynt2,t) = M(f2nt1, frni2,t)

> { fwm,gxnﬂ,t))ﬂ(M(fxn+z,gxn+2,t>>ﬁ}
(9Zn+1, 9Tn+2, t))(l_a_ﬁ)

o yn-‘rlaynut))a(M(yn-‘rQayn-‘rlut))ﬁ
yna Yn+1, t))(l_a_ﬂ)

= (M(yn+layn7 )) 75(M(yn+27yn+1vt>)ﬁ

M (Yns1s Yns2,t) > (M (Yns1, Yn, )P (M (Ynt2, yns1t))”.
Thus
M (Yns Ynt1,t) < M(Yn+1, Ynt2,1)- (8)
So

M(ymynJrlvt) < M(yn+1ayn+2at) < M(yn+279n+3vt) <. < M(ym’merlvt)‘

i. e M(yn,Yn+1,t) < M(yn,yn+1,t), Which is not possible. So this case
does not arise.
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Thus, we conclude that for distinct n,m € N,y, # y,. Therefore, the
elements of the sequence {y,,} are distinct. From equation (8) we have

M(yn7 Yn+1, t) < M(yn+17 Yn+2, t)7

forall t > 0. Thus, {M (yn,yn+1,t)}, for each t > 0, is a strictly increasing
sequence, which is bounded above by 1. Therefore, by lemma 5, for ¢ > 0,

lim M(ynayn+1vt) =1, (9)

n—-+o0o

Now we prove that the sequence {y, } is M-Cauchy. Suppose if possible
on the contrary that it is not true; then there exist n € (0,1),%y > 0 and the
sequences {p(n)},{q(n)} (p(n) being the smallest ones of the index)

n < p(n) < Q(n)a M(yp(n)a Yq(n)> tO) <1-mn, M(yp(n)fhyq(n)vtO) >1-—n.
(10)
STEP 2: In this step, we show that limy, oo M (Yp(n)—1Yg(n)—1,t0) = 1 — 0.
Now foralln > 1,0 < A < tp/2, we obtain,

l—=n > M(yp(n)) yq(n)ato)a using (1 0)
> M(yp(n)> Yp(n)—1> )‘) * M(yp(n)flv Yq(n)—1> to, A — 2)* (11)
*M(yq(n)—lv Yq(n)» )‘)
Let
ha (t) = HEIEOOM(yp(n)—Ia Yq(n)—15 t)v t>0.
Taking the limit supremum on both sides of equation (11), and using the
properties of M and x, and by lemma 3, we obtain
1—-n >1x% hmn—)—l—ooM(yp(n)—la Yq(n)—1> to — 2)\) * 1 using (10)
= hl (to — 2)\).
Since M is bounded with the range in (0,1], continuous and non-

decreasing in the third variable t, it follows from lemma 3, that &, is contin-
uous from the left. Therefore, for A — 0, we obtain

h1 (tO) = nETwM(yp(n)fla Yq(n)-1, tO) <l-n (12)

Let
ha (t) = himn%JrooM(yp(n)flv Yq(n)—1> t)7 t>0.
Again, foralln > 1,A >0

M(yp(n)fla Yq(n)—1, to + A) > M(yp(n)fla Yq(n)> tO) * M(yq(n)qu(n)fb )‘)
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> (]' - 77) * M(yq(n)a Yq(n)—1> tO) USing (10)

Taking the limit infimum as n — +oc in the above inequality, we obtain

ho(A +to) = lim, oM (Ygn)—1, Yg(n)—1, A + to),
> (1 —=mn)*lim, M (Ypn)s Yg(n)—1> A)s using (9)
= (I1—-m)x1
= 1-—n.

Since M is bounded with the range in (0,1] , continuous and non-
decreasing in the third variable t, it follows from lemma 3, that ks is contin-
uous from the right. So letting A — 0, we obtain

himn—>+ooM(yp(n)—17 Yq(n)—1, tO) > (]‘ - 77) (1 3)

Combining the inequalities (12) and (13), we get

lim M(yp(n)fhyq(n)fla tO) = (1 - 77) (14)

n—-+o0o

STEP 3 In this step, we show that limy, 1 oo M (Yp(n), Yg(n), to) = 1 — 1.
From equation (10) we have

mn%+mM(yp(n)7 Yq(n)» tO) <1l-n. (1 5)

Also for all » > 1 and A > 0 we have

M(yp(n)a Yq(n)> to + 2)\) > M(yp(n)7 Yp(n)—1> )‘) * M(yp(n)fh Yq(n)—1> tO) *
* M(yq(n)—b Yq(n)> )‘>

Taking the limit infimum as n — +oo in the above inequality, using (9),
(14) and the properties of M and * and by lemma 2, we obtain

liimn—>+ooM(yp(n)a Yq(n)» to + QA) > 1x liimn—>+ooM(yp(n)—17 Yq(n)-1, t()) * 1
=1-mn, using (14)
(16)
Since M is bounded with the range in (0, 1], continuous and non-
decreasing in the third variable t, it follows from lemma 3 that
lim,, . oo M (Yp(n)» Yq(n)- to) is @ continuous function of t from the right.
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Therefore, for A — 0, we obtain

hmn%JrooM(yp(n) 'y Yq(n)> 750) > (1 - 77) (1 7)

Combining inequalities (15) and (17), we get

lim M (Yp(n)s Yg(n)> to) = (1 —n). (18)

n—-+4o0o
STEP 4 In this step, we show that the sequence {y,} is an M-Cauchy
sequence.

Using equations (9) and (14) at t = ¢y, we have

:{ (M (fzpem (n)> t0)) (M (fx
q(n

M (zp(n), %q(n)) ( M(gxp(n) g

:{ (M(yp(n)7yp(n)flatO))a(M(yq(n),yq(n)iljto))ﬁ }
(M(yp(n) 15 Yq(n) ,to))(lfafﬂ)
(19)
Therefore
i M (@, w) = (Lm0, (20)
And
M (f2p(n)s 9Tp(n)» t0))* (M T, 1))
M(xpmy, Tem)) = {( (f2p(n)s 9Tp(n): 10))* (M (fq 1( ) )q() 0)) }

(M(gl’ p(n)s 9Lq(n) 7t0)
> M(fxp(n)a fxq(n)7 )
= M(Yp(n), Yq(n)> to)-

M (Yp(n) Yg(n): t0) > M(Tp(n) To(n)) (21)
For n — +o00 and using equations (20) and (21), we have
(1—m) > @ =t

implies that (1 — 7)(®*#) > 1., which is not possible as(1 — 1) < 1. So,{y,}
is an M-Cauchy sequence in g(X) which is M-complete. Therefore, there
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exists z € g(X) such that
{yn} = 2. (22)

{fzn} =2z and {gzni1} — 2. (23)
As z € g(X) there exists v € X such that
z = gu. (24)

STEP 5 Now we show that gv = fv. Suppose, on the contrary, that fv £
guv(= w). Then exists a positive integer ny such that gv # gx,,, foralln > ny.

M(an,v) = (M(fan, g2n, 1) (M (fo, gv.))° (M (gzn, gv. 1) 7>~
= (M(ya,ya—1.0)* (M (f0,2,6) (M (g, 2, )77,

Now

M(fxmf?/,t) > M(.rmu)
= (M (yn,yn1,0)*(M(f0,2,6) (M (garn, z,8)) =),

For n — +o00 and using equations (9), (23) and (24) we get
M(z, fv,t) > [M(fv,z,t)]°i. e. M(fv,zt)]'”# > 1, which is not possible
if fv # 2. Hence fv = v and we have

fo=gv ==z (25)
As the pair of self maps (f, g) is weakly compatible, we have
fz=gz. (26)

STEP 6 Now we show that fz = z. Suppose, on the contrary that fz # 2.
Then gz # z.

M(z,0) = (M(fz920)*(M(fv,gv,8))*(M(gz, go,t) !~
= (M(fz2t)"*"  using (25, 26)

and

M(fzz2t) = M(fz, fo,t)
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> M(z,v), using (25)
= [M(fz,z,t](lf‘kﬁ).

i. . M(fz z,t)*#) > 1 which is not possible as the left hand side is less
than 1.Thus, fu = gu = . O

Taking ¢ = I in Theorem 2, then the sequence {z,} = {xo, fxo, -
-fMxg,,- - -} becomes a Picard sequence for the self map f and we have

COROLLARY 1. Let f be an interpolative fuzzy Meir-Keeler contractive map
on a M-complete fuzzy metric space (X, M, ). Then the map f has a unique
fixed point in X.

REMARK 4. If we take @ = 0 and 3 = 0 in the above corollary, we obtain
Theorem 3.1 of Zheng and Wang (Zheng & Wang, 2019).

ExamMPLE 1. (of Theorem 4.1) Let X = [0,1] . Defineaselfmap f: X — X
by f(z) = 3, and g(xz) = z, the identity map on X. Taking M(z,y) =
m, then (X, M, .) is a complete stationary fuzzy metric space with the
product t-norm. Define § as follows:

1. H 3

5(t) =< ) !f0_<1t<4’
—— s, = <t < B
n n+1

aEDE forn > 4.

Then § € A.

Taking a« = 0 = (3. observe that for all values of z,y € X, f(z), f(y) €

[0, %). We show that the quadruple (X, M, 4, f) is an interpolative Meir-
Keeler contractive. For this we prove the following condition:

forall €€ (3

1,1),6—(5(6) < M(z,y) <e= M(fzx, fy) > e

fee(3,1) = =1 <e< 1. forn > 4,s04(t) = m
Therefore, the inequality e— < M (z,y) < € gives

(%) — sy <€ 0(0) < < € < giy- Therefore ; < d(z,y) <

3o

1
1+d(=z,y)
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which implies that =,y € [0, 1]. Hence

1 1 n

M = = -
(fz, fy) 1+d(fz, fy) 1+%>1+% n+1>

€.

Thus, the quadruple (X, M,J, f) is an interpolative Meir-Keeler con-
tractive and xz = 0 is the unique fixed point of the map f.
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B[O CTATbW: opurnHanbHas Hay4Hasi cTaTbs
Pestome:

BeedeHrue/yenb: Llens 0aHHOU cmambu 3aK/o4Haemcsi 8 ege-
OeHuU MoHSAMUSI UHMepPnosiuuoHHo20 0606WeHHO20 ycrosus
cxxamusi Meupa-Kennepa 0nsi omobpaxkeHuUl 8 HeHemKom mem-
pUYECKOM MpocmpaHcmee, Komopoe pacuwupsiem, 06bLeduHs-
em u 0bobwaem MHoz2o006pasue Meupa-Kennepa, npedHa3Ha-
YeHHoe moJsibKo 01 00Ho20 omobpaxeHusi. [lpu npumeHe-
HUU ycmaHaenueaemcsi eQuHasi meopema 0 CO8MECMHOU Hero-
dsuxxHoU moyke A5 d8yx omobpaskeHul Yepes crabyto coeme-
cmumocms. B cmambe npusedeH npumep, dokasbigaroujuli do-
CmMo8epHOCMb Pe3ybmamos Uccie008aHUusl.

Memodsi: Memodb! chbyHKUUOHAaMbHO20 aHanu3a ¢ cokpauleHu-
em Meupa-Kennepa.

Pesynbmamei: NonyyeHa yHUKanbHas HernodsuxHasi moyka onsi
omobpaxeHuli 8 HEYEMKOM MempuUYeCcKOM MpocmpaHcmee.

Bbigodni: lNonyyeHa HernodsuxHas moyka cobCmMeeHHbIX omo-
6paxeHudl.

Kniroyesble criosa: Hedemkoe Mempuyeckoe MpocmpaHcmeo,
obujue ¢bukcuposaHHblie MoYKU, crnabasi coemecmumMocms, UH-
mepnonsayuoHHoe 0b6obuweHHoe cokpauleHue Meupa-Kennepa.

UHTEPIOJIATUBHA YOMNWTEHA MENP-KENTIEPOBA
KOHTPAKUNJA
Cobxa Jaun?®, Byk H. Ctojurbkosuh®, Cmojan H. PageHosuh®

& Shri Vaishnav Vidyapeeth Vishwavidyalaya, Kategpa matematuike,
WHaope, Magja MNpagew, Peny6nvka NHanja

5 YuuBepauteT y Hoom Cagy, MpupoaHo-MaTeMaTuyuku dakynTer,
Hoswu Capg, Penybnuka Cpbuja, ayTop 3a npenucky

® YHuBep3auTeT y Beorpany, MalumHcku dakynTer,
Beorpapg, Peny6nuka Cpbuja

OBJIACT: matemaTtuka
KATEFOPWJA (TUM) YNAHKA: opyrmHanHiu Hay4Hu pag
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Caxxemak:

Yeod/uurs: Lurb ooz pada je da ce ysede riojam UHMepro-
namusHoe eeHepanu3osaHoz Meup-Kenepogoe KoHmMpakmuse-
HOeZ ycrioea 3a npecriukasarba y hy3umMempuyKkoMm fpocmopy.
OH yeehaea, objeduryje u eeHepanu3syje Meup-Kenepogy KoH-
mpakyujy u cryxu 3a camo jeOHo ripecriukasare. Kopucmehu
ea, ycriocmaerbamo jeOuHcmeeHy 3ajeOHUYKY meopemMy (bUKCHe
mauke 3a 0ea rpecriukasarba Kpo3 crnaby komnamuburiHocm.
Pad cadpxu npumep Koju nokasyje sasiudHoCm Hawux pesyr-
mama.

Memode:  Memode yHKyuoHanHe aHanude ca Meup-
Kenepoeom KoHmpakuyujom.

Pesynmamu: JeduHcmeeHa (hbuKkcHa mayka 3a rpecrukasara y
gysunpocmopy je 0obujeHa.

3akrbyyak: @ukcHa madyka ripecriukasara camoe y cebe je 0o-
bujeHa.

KrbyyHe peyqu: ¢hyaumempuyku rnpocmop, 3ajedHuyke hUKCHe
mauke, criaba komnamubusHocm, UHMepronamusHa eeHepa-
nuszoeaHa Meup-Keneposa koHmpakuuja.

EDITORIAL NOTE: The third author of this article, Stojan N. Radenovic, is a current mem-
ber of the Editorial Board of the Military Technical Courier. Therefore, the Editorial Team
has ensured that the double blind reviewing process was even more transparent and more
rigorous. The Team made additional effort to maintain the integrity of the review and to
minimize any bias by having another associate editor handle the review procedure inde-
pendently of the editor — author in a completely transparent process. The Editorial Team
has taken special care that the referee did not recognize the author’s identity, thus avoiding
the conflict of interest.

KOMMEHTAPUW/ PEOKONNEINWN: TpeTwnit aBTop AaHHoi ctatbit CTosH H. PageHosuny
ABMAETCS AEWNCTBYIOLIMM YIIEHOM pedKonnerum XypHana «BoeHHO-mexHu4Yeckul
eecmHuky». [Moatomy peakonnervs nposena 6ornee OTKpbIToe U Bonee cTporoe ABOMHOE
cnenoe peueH3vpoBaHve. Pepgkonnerus npunoxurna AONONHUTENbHbIE YCUNWUA ANst TOro
YTOObI COXPaHUTb LIENTOCTHOCTb PELEH3MPOBAHNS U CBECTU K MUHUMYMY NpPeaB3sTOCTb,
BCMeacTBME YEro BTOPOW peaakTop-COTPYOHMK YMNpaBrisiii MpPoOLEeCcCOM peLeH3MPOBaHUst
He3aBUCMMO OT pefaKkTopa-aBTopa, TakMuM oOpa3om MpoLecc peLeH3MpoBaHust Obin
abcomnoTHO  NPO3payHbIM. Peokonnermss Bo u30exaHue KOH(NMKTa WHTEPECOB
nosaboTunack 0 TOM, YTOObI PELIEH3EHT HE y3Han KTO SIBMSIETCS aBTOPOM CTaTbM.
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CMpPOBENo TPaHCNapeHTHW|W 1 PUrOPO3HMj BOCTPYKO Crenu NpoLec peLeHsmje. YNoxuno
je JopaTHW Hanop Aa oApXW UHTErpuTeT peleH3nje U HeoBjeKTMBHOCT CBefe Ha HajMakby
moryhy Mepy Tako LUTO je ApYr1 ypeaHWK capagHvK BOAVO NpoLeaypy peLieH3nje He3aBUCHO
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Abstract:

Introduction/purpose: The security of systems can be jeopardized by
compromising emanations. This paper provides an overview of computer
screen attacks. New technologies can be used to exfiltrate sensitive data
from computer screens. Emission security is the prevention of
electromagnetic signal attacks that are conducted or radiated.

Methods: This paper examines the impact of a side-channel attack that
intercepts compromised information from a computer screen. The leakage
of electromagnetic data is also explained. Software-defined radios are
described to explain malicious attacks on computer monitors.

Results: The source of the electromagnetic signal determines the nature of
the side-channel information they carry. The most well-known issue
associated with revealing emissions is the possibility of intercepting visual
information displayed on computer monitors.

Conclusion: Visual data displayed on computer monitors could be
intercepted by a software-defined radio which can digitize the desired
frequency spectrum directly from an antenna, present it to a digital signal
processor, and output it to an application for revealing sensitive data. A
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variety of countermeasures, such as shielding, zoning, soft TEMPEST, and
similar techniques, can be used to prevent data leakage.

Key words: electromagnetic emission, information leakage, computer
monitor.

Introduction

In recent years, new technologies have made it possible to exfiltrate
sensitive data from a computer by monitoring the computer screen in a
variety of novel ways that do not require network connectivity or physically
contacting devices via the invisible channel determined by the computer
screen. Because the user does not have a visual perception of what is
happening, malware on the compromised computer can obtain sensitive
data such as files, images, or passwords. The prevention of attacks using
electromagnetic (EM) signals that are either conducted or radiated is
referred to as emission security. By formulating that "changing electrical
currents induce changing magnetic fields, which induce changing currents
and induce a changing magnetic field that propagates as an EM wave
through surrounding space," Oersted, Faraday, and Henry discovered the
physics of EM emanation (Rowe, 2006). This field can be picked up by
nearby electrical conductors and, through EM interference, can impede the
operation of other electromagnetic devices. As a result, an antenna with
an amplifier can pick up some signal from a computer and reconstruct
generated electrical signals (Rowe, 2006). Military and commercial
organizations are very concerned about the Transient Electro Magnetic
Pulse Emanation Standard (TEMPEST) defence which prevents the stray
EM pulses emitted by computers and other electronic devices from being
picked up and used to reconstruct the sensitive data (Markagic¢, 2018,
pp.143-153). TEMPEST has recently become a commercial issue for
electronic voting machines and smart cards used for digital signatures.
Side-channel attacks refer to a variety of attacks that take advantage of
optical, thermal and acoustic emanations from the equipment. This
happens when information leaks through a channel that is not intended for
communication. Electromagnetic eavesdropping attacks can cause a
computer to emit a stronger signal than usual and modulate the signal so
that it can pass through the firewall.

Electromagnetic compatibility (EMC) and radio frequency interference
(RFI) are closely related to EM security measures. All emission security
issues are expected to worsen as more devices connect to wireless
networks and processor speeds increase into the gigahertz range. There
are two types of electromagnetic attacks that are not mutually exclusive:
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1) when the signal is transmitted over a circuit such as a power line or
phone line, it is known as Highjack and 2) when the signal is transmitted
as radio frequency (RF) energy, it is known as TEMPEST. Properly
shielded equipment is typically limited in quantity and designed specifically
for defence markets, making it extremely expensive. The operating rooms
must also be properly filtered.

Screen signals can be found in a variety of locations across computer
networks. These signals may contain multiple harmonics, some of which
radiate more effectively than others, owing to the designed equipment
being certified to not emit any signals beyond a certain distance. Spying
on the surface of a screen with a powerful telescope is a very basic
approach to spying on the content displayed on it (Lavaud et al, 2021).
Khun (2002), Backes et al (2008), and Backes et al (2009), on the other
hand, describe several more efficient ways to attack computer monitor
content. Computer monitors leak electromagnetic information as a result
of three key factors used to reproduce video images: (1) refresh rate, (2)
horizontal frequency, and (3) pixel frequency, which is the display principle
(Mao et al, 2017). One method for estimating the risk of information
leakage is to use multi-resolution spectrum analysis to distinguish and
match the spectrum interval from the radiated EM signals.

This paper investigates the impact of how a side-channel attack
causes compromised information to be taken from a computer screen.
This paper also discusses the leakage of electromagnetic information from
computer screens. To explain potential malicious attacks on computer
monitors, software-defined radios (SDRs) are described.

Side-channel attacks

The security of a cryptosystem (cryptographic algorithms and
protocols, cryptographic keys, and cryptographic devices used for
implementation) is dependent on more than just using robust algorithms
and parameters, certified protocols, and cryptographic keys that are long
enough. Physical attacks on a system can also be used to compromise it.
Side-channel attacks are generally physical attacks in which malicious
parties extract confidential and protected data by observing how systems
physically behave (Barthe et al, 2018). These attacks use the dependency
between secret information used in the cryptosystem and physical values
measured on/around the cryptosystem (e.g. power consumption,
electromagnetic radiation, timing information) to break a system (Mangard
et al, 2007). Table 1 depicts the classification of side-channel emanation
(Lavaud et al, 2021). Each side-channel attack seeks to exploit an
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unintentional emission. As a result, the subject of side-channel attacks
covers a broad range of techniques (Sayakkara et al, 2018). Side-channel
information sources, such as EM emanations from a chip (Agrawal et al,
2003) and timings for various operations performed (Kocher, 1996,
pp.104-113) have also been demonstrated to be exploitable (Mangard et
al, 2007). Hayashi et al (2014, pp.954-965) conducted a thorough
examination of EM emanations from a chip in-depth, including
countermeasures. Their primary focus, however, was on recovering
sensitive information from inside the computer systems (cryptographic
keys, not-the-screen content). Kinugawa et al (2019, pp.62-90)
demonstrate how to increase the EM leakage with a (cheap) hardware
modification added to potentially any device and spread the attack over a
greater distance. The authors show that the additional circuitry
(interceptor) increases leakage and forces leakage in devices that are not
susceptible to EM leakage.

Table 1 — Side channel emanation
Tabnuua 1 — Ymeuyka no cmopoHHeMy KaHasy
Tabena 1 — EmaHayuja ycried criopedHuUx echekama

SIDE-CHANNEL EMANATION
Keyboard

Power line Internal components
Cryptosystems
Speakers

Sound Internal components
External components
Status LED

Light Internal components
Screens

Electromagnetic Radio radiation
Forced broadcast

Goller & Sigl (2015, pp.255-270) proposed to perform side-channel
attacks on smartphones using standard radio equipment. The authors also
show the ability to distinguish between squaring and multiplications. This
discovery may result in the complete recovery of the Rivest, Shamir, and
Adelman (RSA) key (Jonsson & Kaliski, 2003). Their setup gathered
electromagnetic leaks from an Android phone. Genkin et al (2015, pp.95-
112), and Genkin et al (2019, pp.853-869) present the extraction of
cryptographic keys such as RSA or ElGamal from laptops using various
side channels such as power and EM radiation (Will & Ko, 2015).
Furthermore, an adversary may be able to monitor a device’s power
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consumption while it performs secret key operations (Kocher et al, 2011,
pp.5-27). Acoustic emanation from various computer system components
can be used to exfiltrate data. Genkin et al (2014, pp.444-461)
demonstrated that, by listening for acoustic emanation, it is possible to
distinguish between CPU operations, resulting in an attack on an RSA
algorithm encryption key. Fenkin et al (2019) show how to extract screen
content using the acoustic side channel. Microphones can pick up sound
from webcams or screens and transmit it during a video conference call or
archived recordings. Berger et al (2006, pp.245-254) demonstrated a
dictionary attack using keyboard acoustic emanation. Backes et al (2010)
investigated acoustic side channels in printers. Asonov and Agrawal
(2004) used the sound emitted by different keys to recover information
typed on a keyboard. The contribution of Liu et al (2021, pp.1-15) is a side-
channel attack analysis that exploits the EM emanations of the display
cable from a mobile phone. These signals are more difficult to obtain and
may be significantly weaker than those examined in more traditional
TEMPEST technique attacks. TEMPEST is a side-channel technique for
spying on computer systems via unintentional radio or electrical signals,
sounds, and vibrations (Kuhn & Anderson, 1998, pp.124-142). The
possibility of intercepting visual information displayed on an electronic
device screen is the most well-known issue associated with EM revealing
emissions. Van Eck (1985, pp.269-286) is the first to present an
unclassified analysis of the feasibility and security risks of computer
monitor emanations. He was able to listen in on a real system from
hundreds of meters away by measuring electromagnetic emanations with
only $15 in equipment and a Cathode-Ray Tube (CRT) television set.
Side-channel attacks have a variety of countermeasures because
they are among the most serious threats to embedded crypto devices and
frequently target the secret (cryptographic) key in a device that secures
sensitive data. The countermeasures' primary goal is to eliminate reliance
on sensitive data and the side channel. One method attempts to separate
the actual data processed by the device from the data on which the
computation is performed (masking) (Prouff & Rivian, 2013, pp.142-159).
Another approach attempts to separate the device's computed data from
the power consumed by the computations (hiding). One of the
countermeasures is also flattening the power consumption of a device.
Hardware-based countermeasures propose microarchitecture-based
solutions such as providing hardware support for advanced encryption
standard (AES) instructions or making caches security-sensitive.
Hardware countermeasures are effective, but they can be difficult to
implement. In contrast, software countermeasures are simple to
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implement solutions that can be implemented at the program language
level (secure programming guidelines, program transformations). They
can also be supported by strict enforcement methods (Bernstein, 2005;
Molonar et al, 2005; Barthe et al, 2018).

Electromagnetic information leakage from the
computer monitor

EM radiation is the underlying technology for wireless communication,
and it is selected based on the distance to be covered, data throughput
rate, signal frequency, amount of bandwidth required, modulation
technique, power of the transmitted signal, and other factors (Sayakkara
et al, 2018). Although wireless communication devices are designed to
generate EM radiation at the appropriate frequency and amplitude for the
communication technology, as a by-product of their internal operations,
these devices also generate EM radiation at unintended frequencies
(Genkin et al, 2014, pp.444-461). Unintentional EM emissions from
computers can be caused by a variety of factors. The source of each EM
signal determines the nature of these EM signals as well as the type of
side-channel information they carry. The possibility of intercepting visual
information displayed on computer monitors is the most well-known issue
associated with the issue of EM revealing emissions. Van Eck (1985,
pp.269-286) demonstrated a modified television set that was capable of
capturing and visualizing video streams displayed on a nearby television
screen. To transmit video data to computer monitors, various protocols are
used, necessitating more flexibility than a dedicated hardware-based
attack. This article was about CRT monitors. It should be noted that liquid-
crystal displays (LCD), which are common output components of
computers and currently dominate the market, are not immune to this
threat because they are equipped with digital video data (DVD)
transmission interfaces. This is not the case, because digital signals, like
analogue signals, are susceptible to electromagnetic infiltration and
enable non-invasive data acquisition. There is a risk of eavesdropping on
the leaked signal because the leakage of the displayed information is quite
high. In 2002, Kuhn expands on this eavesdropping concept by conducting
an analysis of EM side-channel eavesdropping on modern video display
technologies (Kuhn, 2002, pp.3-18). This study employs RF acquisition
hardware with fast sampling rates to monitor EM emissions from computer
displays. Sekiguchi (2010, pp.127-131) describes receiving EM noise and
reconstructing a display image on a touch screen monitor on a personal
computer. The experimental results showed that the reconstructed display
image can recognize the image of the touched button on the touch screen
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monitor. Elibol et al (2012, pp.1767-1771) demonstrated a monitor
eavesdropping system that remotely reconstructs screen images using RF
acquisition hardware. The signal acquisition hardware is a portable
platform that can operate at a variety of RF frequencies. In this work, the
averaging of adjacent frames is used to improve the readability of the text.
In 2016, Lee et al demonstrated the possibility of display information
leakage by analysing electromagnetic emissions from desktop and laptop
monitors (Lee et al, 2016). By analysing the display mechanism, the
characteristics of the leaked signal from the LCD monitor are verified, and
electromagnetic emanations are measured over a long distance using an
eavesdropping experiment. Using a variety of signal processing
techniques, the authors recovered display information.

Software-defined radio: How to spy on?

There have been practical challenges in the more demanding SDR
applications, primarily due to analogue to digital conversion (ADC) and
digital to analogue conversion (DAC) limitation trade-offs. Many of these
compromises are being limited to higher frequencies due to faster
ADC/DACs and higher resolution. To avoid being limited to single-
frequency ranges and to deal with multiple channels at once, SDR requires
a wideband. Wideband performance is required to allow for dynamic
spectrum and radio parameter management. The SDR should be able to
digitize the desired frequency spectrum directly from an antenna, present
it to a DSP processor, and output it to an application, as well as the reverse
for a transmitter. The following benefits are provided by SDR: (1) flexibility,
(2) interoperability, (3) ease of upgrade, (4) efficiency, and (5) higher-level
interfaces. Figure 1 depicts the basic structure of an SDR receiver (Benks,
2016, pp.1-16).

RF Tuner

1
Antenna 1
Mixer/ | ! Mixer/
I
1 I
1

Digital Processing

Downconverter Downconverter

RF Filter/
Amplifier

Digital
Filter

Digital
10/Network

lumerically []
1

Tuner/ Controlled |

Oscillator

Figure 1 — SDR Receiver (Benks, 2016)
Puc. 1— SDR npuemHuk (Benks, 2016)
Cnuka 1 — SDR nipujeMHuk
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The sampling rate of the RF acquisition hardware is the most
important factor in the accuracy of the screen image reconstruction. SDRs
provide greater flexibility at a lower cost, but their sampling rate is lower
than that of dedicated RF acquisition hardware. Digital processors give
radio equipment the flexibility of a programmable system, allowing a
communication system to be changed simply by changing its software.
Under the SDR paradigm, the task of configuring the radio's behaviour is
transferred to software, leaving the hardware only to implement the
radiofrequency front end. As a result, the radio is transformed into a
dynamic element capable of changing its operational characteristics
(bandwidth, modulation, coding rate) based on software configuration. The
SDR is defined as “radio in which some or all physical layer functions are
defined by software” (Garcia Reis et al, 2012). SDR devices use real-time
software module execution on microprocessor platforms or digital signal
processors, fast programmable gate arrays (FPGA) are commonly used
for transmitting or receiving radio signals, the main operational
characteristics of SDRs are modified at runtime, and the system can be
easily reconfigured to perform different functions (Chamran et al, 2020).
SDRs apply to a wide range of radiofrequency technologies, and their
standards have made base station software updates more appealing than
costly base station replacements. The SDR expands the possibilities by
making it easier to implement existing radio applications and enabling new
types of applications. The availability of low-cost devices that receive and
digitize radiofrequency signals has brought the SDR to both professional
and home engineering desks (Stewart et al, 2015, pp.64-71). In their work,
Molina-Tenorio et al (2021, pp.1-21) describe the characteristics of the
SDR-RTL (Nooelec, 2021), HackRF One (Great scott gadgets, 2021), and
LimeSDR Mini (Lime microsystems, 2021) devices. Table 2 lists the main
characteristics of these devices.

Table 2 — SDR device characteristics
Tabnuya 2 — Xapakmepucmuku ycmpoticmea SDR
Tabena 2 — Kapakmepucmuke SDR ypehaja

Device HackRF One RTL-SDR LimeSDR Mini
Frequency range 1 MHz-6 GHz 22 MHz-2.2 GHz| 10 MHz-3.5 GHz
RF bandwidth 20 MHz 3.2 MHz 30.72 MHz
Sample depth 8 bit 8 bit 12 bit
Sample rate 20 MSPS 3.2 MSPS 30.72 MSPS
Tx channels 1 0 1

Rx channels 1 1 1

Duplex Half - Full
[Transmit power -10 dBm - Max 10 dBm
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Rugeles Uribe et al (2021, pp.1-13) compare 19 more commercially
available SDR platforms in terms of ADC/DAC, Tx/Rx, Fmin-Fmax and
Max RF Bandwidth, all of which were collected in 2019 and 2020:
FUNcube Dongle, RSPduo, Airspy-mini, Airspy-R2, Pluto, BladeRF 2.0
Micro, AD-FMCOMMS4-EBZ, USRP-1, PicoSDR, WARP-V3, USRP-
N210, TMDSSFFSDR, USRP X310, USRP-2974, AIR-T, Sidekiq X4,
USRP N320 and CRIMSON Cyan, all of them being commercially
available SDR platforms. The authors also discuss how hardware is
evolving to increase computational capacity. Furthermore, the authors
present the Bastille Network classification and descriptions of wireless
vulnerabilities (Bastille Networks, 2020).

Electromagnetic compatibility standards and regulations in consumer
products address emerging threats from eavesdropping attacks using EM
side-channels. According to the International Organization for
Standardisation (ISO) ITU-T advisory notice K.841, when considering the
EMC requirements of consumer devices, information leakage from EM
emissions must be considered (ITU, 2014). Many hardware-software tools,
however, use SDR platforms for side-channel attacks on computer
monitors. TempestSDR, an open-source software library that uses SDR
platforms for EM side-channel attacks on computer monitors, is one of the
most well-known. It is capable of automatically detecting the dimensions
and frame rate of a target when the target monitor details are unknown by
identifying repeating patterns in the EM signal that correspond to the

Figure 2 — TempestSDR (RTL-SDR, 2017)

Puc. 2 — TempestSDR (RTL-SDR, 2017)
Cnuka 2 — Tempest SDR (RTL-SDR, 2017)
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TempestSDR allows the user to use any SDR that supports ExtlO
(such as those described in Table 2) to receive unintentional signal
radiation from the screen and convert that signal back into a live image,
allowing them to see what is on screen without a direct connection (RTL-
SDR, 2017).

How to defend against computer monitor attacks?

Electronic security protection, like all security measures, must be
cost-effective, that is, it must eliminate security issues without interfering
with system performance (Doychev, 2016; Rowe, 2006). The sources of
unwanted signals must be protected by implementing solutions that
effectively prevent the infiltration process from taking place (Levina et al,
2019, pp.393-400; Ometov et al, 2017, pp.2591-2601). Rowe summarizes
the suitability of various electronic security methods for mitigating various
threats. Table 3 shows the results for the monitor, power, and cables.

Table 3 — Summary of electronic protection methods (Rowe, 2006)
Tabnuua 2 — Kpamkoe u3snoxeHue memodos aniekmpoHHoU 3awumsi (Rowe, 2006)
Tabena 2 — Pe3ume memoda enekmpoHcke 3awmume (Rowe, 2006)

Threat Monitor Cable Power
Electromagnetic shielding Yes Yes No
Source suppression Yes Yes Yes
Noise generation and encryption Yes Yes Yes
Signal irregularity Yes Yes Yes
Deliberate deception Yes Yes No
Bug detectors Yes Yes Yes

It is essential to emphasize the significance of differences in military
and civil security standards. In 2006, Khun predicted that simple
eavesdropping tools for compromising emanations would soon be
available for free download from the Internet. For today's information
security professionals, the question is: What protective countermeasures
are available for computers that display extremely sensitive data regularly?
These could be jamming devices used to intentionally increase
environmental noise, metal shielding, zoning, soft TEMPEST, and other
similar techniques. Today, jamming devices are rarely used because the
jamming signal must be carefully selected and synchronized with the
signal to be covered, and jamming devices may draw the attention of
eavesdroppers to the location of equipment. The EM shielding protects
devices, cables and rooms against compromising emanations (Kuhn,
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2005, pp.265-279; Kuhn, 2006, pp.1-10). To eliminate emanations, the
source of the emanations should be placed in metal boxes made of
conductive materials (copper, aluminium, steel), also known as Faraday
cages. However, perfect protection requires that the conductive enclosure
remain intact. Because gaps are required for ventilation, power lines,
keyboards, and network connections, these gaps may allow signals to leak
out (Warne & Chen, 1992, pp.173-182). Molyneux-Child (1997)
recommends at least one-tenth to prevent significant radiation from
escaping and one-hundredth to provide a 60 dB reduction. Creating
meandering channels through the gaps, as well as using waveguides in
the form of conductive pipes through the gaps, can help to reduce the
emanations at these gaps. Power lines can be filtered through these gaps,
and fibfibretic cables can transmit data without requiring an
electromagnetic channel. A conductive film can be applied to monitor
screens, but keyboards are more difficult to protect. Due to the difficulty of
shielding, both devices and their locations can be classified to indicate how
close an eavesdropper can get (Zone 0: eavesdropper can be within 1-20
m; Zone 1: eavesdropper can be within 20—100 m; Zone 2: eavesdropper
can be 100 m to 1 km; Zone 3: eavesdropper cannot be closer than a
kilometre). These measurements are based on the assumption that only
space exists between the eavesdropper and the target. Przybysz et al
(2021, pp.1-15) discuss publicly available fragments of the American
military requirements NSTISSAM TEMPEST/1-92 (Cryptome, 2008) and
NSTISSAM TEMPEST/2-95 (Cryptome, 2000), which define three levels
of security for devices that could be used in information processing zones
and whose R rays meet the following conditions: R 20 m, R 100 m, and
R > 100 m. (Emission levels must be measured from a distance of one
meter). The MIL-STD-461G document (EverySpec, 2015) also
recommends this measurement distance. The authors concluded
promising emission signals emitted by commercial devices can be
detected from a few dozen meters away. De Meulemeester et al (2020)
confirmed this by demonstrating that visual information could be recovered
from a distance of approximately 80 m. Various software
countermeasures, such as deliberate softening of font edges or
randomization of less significant bits in the frame buffer, can be used to
protect against EM leakage from the computer monitor (Duc et al, 2019,
pp.1263-1297). Safe fonts are one of the security measures developed
using Kubiak's safety criteria (Kubiak, 2020), and they have the following
characteristics: (1) The lines that form the characters intersect at right
angles, implying that each character is made entirely of vertical and
horizontal lines, (2) font characters are devoid of decorative and diagonal
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elements, and (3) the general contour of safe font characters is
rectangular. In the case of a graphic source of valuable emissions, safe
fonts protect processed information from EM penetration. These fonts
safeguard the Video Graphics Array (VGA) and Digital Video Interface
(DVI).

Conclusion

New technologies enable malicious scanning of information emitted
by the computer monitor. The TEMPEST defence, which prevents stray
EM pulses emitted by computers and other electronic devices from being
picked up and used to reconstruct sensitive data, is causing concern
among military and commercial organizations. There are two types of EM
attacks: highjack and RF energy attacks. Screen signals contain multiple
harmonics, some of which radiate more effectively than others. The refresh
rate, horizontal frequency, and pixel frequency of computer monitors all
leak electromagnetic information. This paper describes how a side-
channel attack causes compromised information to be taken from a
computer screen. The SDR is used to explain how visual data can be
intercepted. To describe the possibility of protecting the data radiated from
the computer monitor, a variety of countermeasures such as shielding,
zoning, soft TEMPEST, and similar techniques are described.
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YTEHWE C 3KPAHA: SJIEKTPOMAIHUTHAA YTEYKA
NHOOPMALIMM C KOMIMBIOTEPHOIO MOHUTOPA

Munena M. I'pgoswuy, [aHuena [. j'lpomm KOpPeCCMNOAeHT,
Bnadumup [. AHTny, bopuwa K. VloBaHoBUY

BoopyxeHHble cunbl Pecnybnuku Cepbus, NeHepanbHbin wTab,
YnpaBneHue nHdopmaTukm 1 TenekoMmyHukaumm (J-6),

LieHTp npvknagHoi matemMaTuKn U 3NEeKTPOHWKM,
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30.03.17 dusnyeckme npobnembl MEXAHUKM,
30.19.17 O6onouku,
47.01.11 CoBpeMeHHOe COCTOSIHWE N NepPCneKTUBLI
pas3BuTuS,
47.43.21 BnuaHve pasnuyHbix pakTopos cpefbl Ha
pacnpocTpaHeHe pagnoBOfiH,
47.53.35 QnekTpocTaTuyeckne CUCTEMbI 3anmcu u
BOCMpOn3BeeHNs CUrHanos
B[O CTATbW: opurnHanbHasa Hay4YHasi ctaTbs

Pesome:

Beederue/yernb: besonacHoCmbe cucmem MoXem okasambcsi r1od y2po3ou
KoMrpomemupytowux usiydyeHud. B OanHoU cmambe npedcmasrnieH
0630p pasnuyHbIX amak Ha UHQhopMayUro, Usry4aemyo KOMIbMmMepPHbIM
MoHUMopoM. Hoeble MmexHOMo2uU OMCIeXU8aHUsI U3/Ty4eHUs 3KpaHa
mMo2ym  Obimb  UCMOMBb308aHbI 8 U36MedYeHUU  (3Kcghurnbmpayuu)
KOHGbuOeHuarnbHbIX 0aHHbIX C 3KpaHo8 KoMrbromepos. Mepbi o
6e3onacHocmu criocobemeytom rpedomepawieHUr 1eKMPOMasHUMHbIX
amak Ha u3sJsydaemyro usu nepedasaemyro UHGopmMayuio.

Memodel: B daHHOU cmambe uccriedyemcsi go3delicmeue amak o
CMOPOHHUM KaHarnam, Komopbie repexeamsigarom
CKOMIMpOMemUupOo8aHHYH UHGhOpMaUUro C 3KpaHa Komrsromepa. Takxke 8
cmamebe obbsicHsIemcsi ymeyka OaHHbIX ecriedcmeue
3/1€KMPOMaHUMHbIX u3rnyqeHutl. lNpoepammHo-onpedensiembie
paduocucmembl ornucaHbl ¢ Uernblo 06bsiCHEeHUsST 8peO0HOCHbIX amak Ha
KOMIbIOMepHbIe MOHUMOPAbI.

Pesynbmambi: IcmoYHUK 351ekmpoMazHUMmHo20 cueHarna onpedensem
xapakmep rnepedasaemol UM UHGopMayuu o rnoboYHOMY KaHarsy.
Haubonee uszsecmHas npobnema, cesidaHHasi C 8bIsi8lIEHUEM U3/TyqeHul,
3aKrryaemcs 8 803MOXHOCMU repexsama eu3yasibHolU UH¢hopmayuu,
omobpaxaeMoli Ha MOHUIMOopPax KOMIbIMEepPOs.

Bbi8o0bl: BusyanbHbie OaHHble, omobpaxaemble Ha KOMMbIOMEPHbIX
MOHUMOpax, mMo2ym Obimb repexeaqyeHbl rpoepamMMHo-onpedensemol
paduocucmemMoli, Komopasi  MoXem  oyugposbieamb  HYXHbIl
YacmomHhbIU CrieKmp HerocpedcmeeHHO C aHMeHHbI, rnepedasams e20 8
uugpoeoli cuzsHasibHbIU MPoUeccop U 6bIso0UMb 8 MpusioXeHue Ons
8bisierieHUs1 KOHghudeHUuarnbHbIX OaHHbIX. [ns1 npedomepalieHusi ymeydku
O0aHHbIX MOXHO UCIO/b308amb Pa3fU4HbIE KOHMPMEPBbI, MakKue Kak:
3KpaHUposaHue, 30HUpOBaHuUe, npoepaMmHbIt komrnekc TEMPEST u
rpoyue aHasio2u4yHbIe Memookbil.

Knouesble  croga:  anekmpomMazHUMHOE  U3fy4YeHue,  ymedka
UHghopMayuu, KOMIbMEPHbIU MOHUMOP.
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UANTAHE CA EKPAHA: LIYPEHE ENEKTPOMAITHETHNX
NHO®OPMALINJA CA MOHUTOPA PAYYHAPA

Munera M. I'pposuh, Jaxujena . NpoTuh, ayTop 3a npenucky,

Bnadumup [. AuTuh, bopwwa K. JoBaHoBUh

Bojcka Cpbuje, NeHepanwTab, YnpaBa 3a TenekoMmyHukauumje u

uHepopmaTuky (J-6), LieHTap 3a npumereHy MaTtemMaTuKy 1 eNeKTPOHMKY,

Beorpap, Peny6nuka Cpbuja

OBJACT: pauyHapcke Hayke, eNneKTpoHuKa, TeNekoMyHukauuje,
NHMOPMaLMOHE TeXHOMoruje, MawnHCTBO

KATEITOPWJA (TWIM) YITAHKA: opyrnHanHu Hay4Hu pag

Caxemak:

Yeod/uurb:  besbedHocm  cucmema  Moxe — 6umu  yepoxeHa
Komrpomumyjyhum 3padersem. Y pady je npukasaH ripeaned Hanada Ha
UHGbopMauuje Koje 3padu MOHUMOP padvyHapa. [Npaherem 3pavera ca
eKpaHa padvyHapa, HO8€ mexHoJloeuje ce Moy Kopucmumu 3a
ekcchunmpauujy ocemsbusux noGamaka. EmucuoHa 6e3b6edHocm
npedcmaerba Ha4yuH 3a crpedyaeare Hanada esleKmpoMazHemHuUx
cuzHara Koju Hacmajy 3paqeH-eM Uru ce rpeHoce.

Memode: Y pady ce ucriumyje ymuuaj side-channel Hanada koju npecpehe
KoMmripomumosaHe uHgopmauuje ca ekpaHa padyHapa. ObjawHeHo je
LUypere “rodamaka ycned eriekmpomMasHemHoe 3paqera. Cogpmeepcku
OdegbuHucaHU paduo orucaH je Kako 6u bunu objaliH-eHU 3/10HaMepHU
Haradu Ha MOHUMOpe.

Pesynmamu: U3sgop enekmpomazHemHoe cugHana odpehyje npupody
UHbopMauuja Koje OHe Hoce. HajnosHamuju npobriem noeesaH ca
omkpusarbeM emucuja jecme moa2yhHocm rnpecpemarba B8u3yerTHUX
UHgopMauyuja rnpuka3aHUx Ha MOHUMOpUMa payyHapa.

Sakrbyyak: BusyenHu nodayu ripukasaHu Ha MOHUMopuma Moy bumu
npecpemHymu cogpmeepcku OeghuHUCaHUM paduoM, Koju Moxe
Oueumanu3oeamu XXeJbeHU criekmap OUPEKMHO ca aHmeHe, y
OQueumarnHoMm obnuky ea npedcmasumu rpoyecopy u rnpocredumu
annukayuju 3a omkpuearbe ocemsbusux rnodamaka. 3a cripeyasare
uypersa nodamaka mMoey ce Kopucmumu pasHe rnpomusmepe 3awimume,
Kao wmo cy 3oHuUpar-e, copom TEMPEST u criudHe mexHuke.

KrbyyHe pe4qu: enekmpomazHemHa emucuja, uypere UHgopmMauuja,
MOHUMOP.

Paper received on / lata nony4yenus pabotsl / atym npujema ynaHka: 30.06.2022.
Manuscript corrections submitted on / [lata nonyuyeHusi icnpaeneHHomn Bepcum paboTsl /
[atym poctaBrbama ncnpasku pykonuca: 10.10.2022.

Paper accepted for publishing on / lata okoH4YaTensHoro cornacosaHusi pabotel / Jatym
KOHa4YHOr NpuxBaTaka YnaHka 3a objaBrbmBare: 12.10.2022.

854



© 2022 The Authors. Published by Vojnotehnicki glasnik / Military Technical Courier
(www.vtg.mod.gov.rs, BTr.mo.ynp.cp6). This article is an open access article distributed under the
terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/rs/).

© 2022 AsTopbl. OnybnukoBaHo B «BoeHHo-TexHn4eckuin BecTHUK / Vojnotehnicki glasnik / Military
Technical Courier» (www.vtg.mod.gov.rs, BTr.mo.ynp.cp6). [laHHas cTaTbs B OTKPLITOM AOCTYNE U
pacnpocTpaHsieTcst B COOTBETCTBUM C nuueH3nen «Creative Commons»
(http://creativecommons.org/licenses/by/3.0/rs/).

© 2022 AyTopu. O6jaBuno BojHoTexHnuku rmacHuk / Vojnotehnicki glasnik / Military Technical Courier
(www.vtg.mod.gov.rs, BTr.mo.ynp.cp6). OBO je UnaHak oTBOpeHor npucTyna u anctpubyupa ce y
cknagy ca Creative Commons nuueHuom (http://creativecommons.org/licenses/by/3.0/rs/).

855

Grdovi¢, M. et al, Screen reading: electromagnetic information leakage from the computer monitor, pp.836-855


http://www.vtg.mod.gov.rs/
http://втг.мо.упр.срб/
http://creativecommons.org/licenses/by/3.0/rs/
http://www.vtg.mod.gov.rs/
http://creativecommons.org/licenses/by/3.0/rs/
http://www.vtg.mod.gov.rs/
http://втг.мо.упр.срб/
http://creativecommons.org/licenses/by/3.0/rs/

Q VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2022, Vol. 70, Issue 4

FREQUENCY HOPPING SPREAD
SPECTRUM: HISTORY, PRINCIPLES
AND APPLICATIONS

Vladimir B. Risti¢?, Branislav M. Todorovic®,

Nenad M. Stojanovic®

a University of Defence in Belgrade, Military Academy, Department of
Telecommunications and Informatics, Belgrade, Republic of Serbia,
e-mail: vladarist@gmail.com, corresponding author,
ORCID iD: @https://orcid.org/0000-0003-0422-9737

b RT-RK Institute for Computer Based Systems,
Novi Sad, Republic of Serbia,
e-mail: branislav.todorovic@rt-rk.com,
ORCID iD: “https://orcid.org/0000-0003-1932-8332

¢ University of Defence in Belgrade, Military Academy, Department of
Telecommunications and Informatics, Belgrade, Republic of Serbia,
e-mail: nivzvk@hotmail.com,
ORCID iD: ‘@https://orcid.org/0000-0001-9328-5348

DOI: 10.5937/vojtehg70-38342; https://doi.org/10.5937/vojtehg70-38342

FIELD: Telecommunications
ARTICLE TYPE: Original scientific paper

Abstract:

Introduction/purpose: The frequency hopping spread spectrum (FH-SS)
technique assumes the carrier generated by the syntesizer to hop from
frequency to frequency over a wide bandwidth, according to a pseudonoise
code sequence defined by the code sequence generator. The article
presents the history, principles and applications of the FH-SS technique.
Both military and commercial applications are discussed.

Methods: This article presents an overview of data from the technical
literature, with appropriate comments.

Results: After presenting the history and principles of the FH-SS technique,
the article summarizes its use with examples of military and commercial
applications. The importance of using FH-SS in the described applications
is highlighted.

Conclusion: The FH-SS technique has been successfully implemented in
many military and commercial technologies due to its high protection
against interference, making communication difficult for reconnaissance
and eavesdropping, and its ability to provide code division multiple access.
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Introduction

Spread spectrum is a modulation widely wused in military
communications. In spread spectrum modulation, the bandwidth of the
transmitted signal is much greater than the bandwidth of the original
message, and is determined by the spreading code (Yahya et al, 2006).
The spreading code is a digital signal that is independent of the message
and is known to both the transmitter and the receiver. There are two the
most frequently used methods for performing the spreading of the
spectrum: frequency hopping (FH-SS) and direct sequence (DS-SS).

Spread spectrum modulations provide high protection against
interference, make unauthorized reception (reconnaissance and
eavesdropping) difficult, allow the formation of a code multiplex in which
all users operate simultaneously in the same frequency bandwidth, and
enable selective addressing of individual users (Todorovi¢, 2021).

In this article, the history, principles, and applications of the spread
spectrum frequency hopping technique are presented. A review of the
military and commercial applications of frequency hopping is given.

After the Introduction, in the second section, the history of frequency
hopping is presented. The third section gives the principles of FH-SS.
Sections after that present applications of frequency hopping, such as
military radio communications, control of unmanned aerial vehicles, the
global system for mobile communication, and Bluetooth technology. In the
last section, the most important conclusions are made.

History of FH-SS

More than a century separates Nikola Tesla’s frequency-based
method of signalling from today’s widely used spread spectrum data
transmissions. In 1901, Tesla considered a method of signalling that
consists of two, or more, transmitters operating at different frequencies.
The receiver is designed to respond only when both signals are received
(Rothman, 2018).

On December 18, 1920, Otto B. Blackwell, De Loss K. Martin, and
Gilbert S. Vernam applied for a patent "Secrecy communication system".
Successive portions of a message are transmitted on waves of different
frequencies. Secrecy is obtained by the transmission of signals on a
plurality of waves of different frequencies. A station tuned to one of the
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frequencies receives only a part of the message. The frequency shifting is
not accomplished in a cyclic order, but rather in a random and variable
manner (Rothman, 2018).

In 1922, Emory-Leon Chaffee described a system of
radiocommunication that proposes rapid changing of the carrier frequency
in an "erratic manner" in order to provide secrecy (Price, 1983).

On October 11, 1929, Broertjes submitted a patent application in
Germany for a "Method of maintaining secrecy in the transmission of
wireless telegraph messages". He said that the known methods of
maintaining secrecy operate, in most cases, with codes or cryptograms
and with a periodically modified transmission frequency, which is received
by means of a receiving apparatus, the tuning of which is modified in
synchronism. According to Broertjes, the idea of changing transmission
frequencies is already commonplace, but he argues that this approach
does not prevent the interception and decipherment of the message
because a broadband receiver could pick up all the frequencies. Broertjes
proposed a system in which a number of operating frequencies, known to
the transmitter and receiver alone, can be varied in a random or variable
manner. In a method of this kind, secrecy is ensured by the fact that an
unauthorized receiver, which at first is tuned to only a single frequency,
picks up only disconnected portions of the message. The transmitter
includes a code wheel that selects a new frequency each time a telegraph
key is pressed. One can only assume that the receiver contains a duplicate
wheel, but Broertjes prefered manual operation, so it remains unclear how
he intended synchronization to be effected. Despite its flaws, Broertjes’s
invention proves that the frequency hopping concept was available in
Germany before World War Il (Rothman, 2018).

In September 1940, Ellison Purington, who had done graduate work
in physics at Harvard University and had worked on torpedo guidance
systems at the Hammond Laboratory during World War |, filled an
application for a "System for reducing interference" (Rothman, 2018). In
this patent, Purington proposes changing the carrier frequency to reduce
the ability of other transmitters to interfere with the signal (Scholtz, 1983).

Actress Hedy Lamarr, born Hedwig Kiesler in Austria, soon after the
beginning of World War Il escaped and ended up in Hollywood where she
met George Antheil. Hedy revealed that she possessed a flair for inventing
weapons and shared with him an idea for a secure torpedo guidance
system that employed a novel technique known as frequency hopping.
Hedy lacked the technical expertise to put her idea into practice (Rothman,
2018). George was likewise no engineer, but in the 1920’s he had written
a concert piece Ballet Mecanique, which included parts for synchronized
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player pianos (Price, 1983). They had an idea to place a player-piano roll
punched with 88 rows of randomly placed perforations in the transmitter to
control the hopping among 88 radio frequencies. They would place the
identical roll in the receiver, and then they would synchronise them.
George and Hedy applied for a patent in June 1941. Despite the novelty
of their approach, the pneumatic player-piano mechanism made their
system unwieldy and certainly unworkable in a battle. Antheil made
strenuous lobbying efforts to get the invention adopted by the Navy, but it
was shelved (Rothman, 2018).

Early in January 1943, U.S. army signal corps officer Henry P.
Hutchinson applied for a patent on frequency hopping signalling for
maintaining the secrecy of telephone conversations or for privately
transmitting information (Price, 1983). His scheme utilized cryptographic
machines to produce a pseudorandom hopping sequence on demand
(Rothman, 2018).

After World War Il, another major effort at developing a secure, jam-
proof system was put forth by Sylvania with its Buffalo Laboratories
Application of Digitally Exact Spectra (BLADES). Its development began
in 1955, as a system for communicating with Polaris submarines. It was
tested in 1957, and in 1963 it was installed on the flagship U.S.S. Mount
McKinley, for operational development tests where It successfully thwarted
intentional jamming efforts. Thus, BLADES was quite likely the earliest FH-
SS communication system to reach an operational state (Scholtz, 1982).

A practical application of frequency hopping began in the years to
follow. Radio systems with FH-SS for battle conditions were developed by
Racal, Marconi Communication Systems, Single Channel Ground and
Airborne Radio System (SINCGARS) and other companies.

In 1992, the early 2G cellular networks did use a form of frequency
hopping. In 1997, Jaap Haartsen patented the Bluetooth technology that
employs frequency hopping.

Principles of FH-SS

During the communication using the FH-SS technique, the receiver
and the transmitter change their carrier frequency according to a
predefined order and rate, which should remain a secret for everyone
except for them. The carrier frequency change takes place under the
control of the code sequence generator within the transmission bandwidth.
The FH-SS technique can be used to transmit messages both in analogue
and digital formats (Todorovi¢, 2021).
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Classic
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C(1)

Code sequence
generator

Figure 1 — FH-SS signal modulator
Puc. 1 — Modynsmop cuzHana co cka4koobpasHou nepecmpolikoli Yacmomal
Cnuka 1 — Modynamop cueHana ca hpeK8eHUUJCKUM CKaKaHeM

A block diagram of the FH-SS signal modulator is given in Figure 1
(Todorovi¢, 2021). The FH-SS signal modulator consists of a code
sequence generator, a frequency hopping synthesizer and a modulator,
where some of the classic analogue or digital modulations is applied.

The most important block of FH-SS signal modulators is the frequency
synthesizer. Under the control of the code sequence generator, a signal
Uors(t) is generated at its output. That signal has a variable carrier
frequency. The rate of carrier frequency change varies from a few hops
per second to 100000 hops per second. The frequency synthesizer
generates the frequency hopping pattern known to both the transmitter and
the receiver (Cisar et al, 2020).

When FH-SS is used, the frequency bandwidth for signal transmission
is significantly wider than necessary to transmit the message when using
some of classic modulations with the carrier at a fixed frequency.

The spreading ratio of FH-SS modulations is defined as follows:

BFS
n B (1)
where Brs denotes the frequency bandwidth of the FH-SS transmission,
while the bandwidth of one channel is denoted by B,.
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If there is no frequency gap between adjacent channels, the
spreading ratio is equal to the number of channels:

n=N 2

If another signal is present in any of the channels within the frequency
bandwidth Bes, that signal and the FH-SS signal interfere with each other.
This interference is of very short duration and occurs in the time interval
when the FH-SS signal is present in that channel.

The block diagram of the FH-SS signal demodulator is shown in
Figure 2 (Todorovi¢, 2021). The FH-SS signal demodulator consists of a
code sequence generator, a frequency hopping synthesizer, a
demodulator and a code synchronization block.

Classic
demodulator
i

Ups(t)

— Un()

Uors(t)
v
Code Frequency
synchronization hopping
block synthesizer
'}
C()

| Code sequence
generator

Figure 2 — FH-SS signal demodulator
Puc. 2 — [lemolynamop cueHana cka4koobpasHoUl nepecmpolku 4acmomal
Cnuka 2 — [Jemodynamop cuzHana ca hpeKkeeHUUjCKUM CKaKaH-eM

The basic task of the FH-SS receiver is to despread the spectrum of
the incoming signal. The process of despreading has to be performed
before demodulation. This is accomplished by correlating the incoming
signal with a synchronized locally generated code sequence. Code
synchronization is a necessary step in order to be able to despread the
spectrum of the incoming signal.
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The task of the code synchronization block is to ensure that the
change of the carrier frequency in the transmitter and the receiver takes
place at the same time.

FH-SS systems may be classified as fast or slow. Fast FH-SS occurs
if one information symbol is transmitted over several frequency hops. Slow
FH-SS occurs if one or more information symbols are transmitted within
one frequency hop (Torrieri, 2018).

Applications of FH-SS

FH-SS techniques have been employed intensively for highly secured
data transmission in military and commercial wireless communications
(Aung et al, 2012). Military applications include HF, VHF and UHF radios,
and unmanned aerial vehicles (UAV) control and data signals. Among
commercial applications, GSM mobiles and Bluetooth have to be
mentioned.

Military radio communications

Spread spectrum signals are highly resistant to unintentional or
intentional jamming. Therefore, they are suitable for military applications.
FH-SS has a good near-far performance and can be implemented easier
than DS-SS (Hasan et al, 2016). It has good resistance to various forms
of electronic attacks, and it is a suitable technique for overcoming
interception, direction finding, and jamming.

Military radios use the FH-SS technique to transmit messages in the
analogue or digital format, with hopping rates from a few hops per second
to several hundred hops per second. Military radios generate the FH-SS
pattern under the control of a secret transmission security key (TRANSEC)
that the transmitter and receiver share in advance. Frequency changes are
made in the programmed frequency band that the transceiver selects
based on the current conditions of radio wave propagation. The number of
programmed bands may vary depending on the manufacturer and the
frequency bandwidth in which the radio operates. By analyzing the
characteristics of the radio wave propagation at a given time, the control
station selects one of these frequency bands. The transceiver uses the
best frequencies in the defined frequency band by analyzing the
interference. Some radios also allow the entry of forbidden frequency
bands, which the transceiver also takes into account when selecting
operating frequencies. The best use of these transceiver characteristics
depends on a careful selection of frequency bands.
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The FH-SS technique is used by many companies, especially in the
production of military radio communication devices. Some of such
companies are Racal, Marconi Communication Systems, SINCGARS,
Aselsan, Thales Group and L3Harris Technologies.

Among the first military radio systems with FH-SS was a series of
JAGUAR radios, developed by Racal. Racal was a British electronics
company founded in 1950. JAGUAR-H, JAGUAR-V and JAGUAR-U were
developed for different frequency bands. JAGUAR-H was developed in
1982. It operates in the 2-30 MHz frequency band. It has a 5 W manpack
and 100 W vehicle configurations. FH-SS is performed according to the
pseudorandom law within the subband. The width of the subband goes
from 400 kHz in the lower frequencies and increases in the central and
upper part of the HF band. The hopping rate for the JAGUAR-H is 10-20
hops per second (Todorovi¢, 1987). The JAGUAR-V system was
developed in 1981. There are a 4 W manpack and vehicular 50 W radio
stations. It is designed to hop over a bandwidth of 6.4 MHz, corresponding
to 256 channels at 25 kHz spacing. It provides 9 hop subbands in the
combat network radio band of 30-88 MHz. The hopping rate for the
JAGUAR-V system is in the region of 50-500 hops per second (Munday &
Pinches, 1982). The 15 W vehicle radio station JAGUAR-U, developed in
1982, operates within the 225-400 MHz band. FH-SS is performed on 768
channels in 9 subbands of 19.2 MHz (Todorovi¢, 1987).

Marconi Communication Systems is a British company which
developed SCIMITAR-H and SCIMITAR-V radios in 1982. The SCIMITAR-
H radio operates in the 1.6-30 frequency band. It has a 20 W manpack and
100 W vehicular configurations. FH-SS is performed within the entire
frequency band with a hopping rate of 150 hops per second. The
SCIMITAR-V radio operates in the 30-88 MHz frequency band. There are
a 5 W manpack and vehicular 50 W radio stations. FH-SS is performed on
2320 channels within the entire frequency band with a hopping rate of 150
hops per second (Todorovi¢, 1987).

The SINCGARS is a combat network radio used by the U.S. and other
military forces. Among the first SINCGARS radios was the SINCGARS-V
radio developed in 1986. It was developed to work in the frequency band
from 30-88 MHz. There are a 5 W manpack and vehicular 50 W radio
stations. It supports FH-SS which is performed according to the
pseudorandom law within the entire frequency band with a hopping rate of
150 hops per second (Todorovic, 1987).

Aselsan is a defence electronics company in Turkey. Among others,
it is engaged in the production of communication and information
technologies (Aselsan, 2022). The 9661 HF radios and PRC/VRC 9661
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VIUHF software-defined radios are representatives of military radio
communications systems. The 9661 HF radios are software-defined radios
covering the HF 1.6-30 MHz band. It is possible to communicate under
intentional or unintentional interference by using the frequency hopping
mode of operation. The 9661 HF radio family has three configurations for
manpack, vehicular and fixed station usage. The 20 W station can be used
for manpack and vehicle configurations and the 150 W station can be used
for vehicular and fixed station configurations. PRC/VRC 9661 V/UHF
software-defined radios are tactical radios capable of communicating in
clear, encrypted and frequency hopping voice and data in VHF and UHF
bands from 30-512 MHz. There are 5 W handheld, 10 W manpack and 50
W vehicular/base station configurations of 9661 V/UHF radios.

Thales Group is French company that produces HF and VHF radio
communications systems for defence (Thales Group, 2022). Both HF and
VHF radios provide frequency hopping encrypted voice and data
transmission. A digital HF software-defined radio operates in the 1.5-30
MHz frequency band. There are 20 W (TRC 3700), 125 W (TRC 3730) and
400 W (TRC 3740) radio stations. VHF radios operate in the 30-88 MHz
frequency band. There are several types of VFH radios: handheld 2 W
radio (TRC 9110), manpack 10 W radio (TRC 9210), vehicular 50 W
station (TRC 9310 A/AP) and vehicular 2x50 W dual fit station (TRC 9310
B/C).

L3Harris Technologies (L3Harris) is an American technology
company. Among others, it is engaged in the production of tactical
communications systems (L3harris, 2022). The L3Harris Falcon Il
AN/PRC-160(V) presents a military radio which uses frequency hopping
for transmission. It covers the HF/VHF 1.5-60 MHz band. It provides 20 W
output power for HF and 10 W for the VHF frequency band.

Unmanned aerial vehicles (UAVS)

Unmanned aerial vehicles, or drones, are aircraft without a human
pilot aboard. UAVs are a component of an unmanned aircraft system
(UAS), which includes a UAV, a ground-based controller, and a system of
communications between them (Nived Maanyu et al, 2020). There are two
versions of UAVs: UAVs controlled from a remote location and UAVs which
fly autonomously based on a pre-programmed flight plan (Todorovic &
Orlic, 2009). Due to the absence of a pilot, UAVs always have a certain
level of autonomy (Vergouw et al, 2016).

UAVs were most often associated with the military until a few years
ago. They were used initially for intelligence gathering, anti-aircraft target
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practice, and then, more controversially, as weapons platforms. Their high
cost and restricted market meant they were extremely difficult to provide.
This situation has changed dramatically in recent years, as UAVs are
becoming cheaper, making it easier to provide for ordinary people
(Mototolea, 2019).

Commercial UAVs typically are built on a small platform, they are easy
to operate and flexible to execute different kinds of missions (Fan & Ala
Saadeghvaziri, 2019). UAVs can carry multiple sensors, transmitters and
imaging equipment. As the use of UAVs continues to proliferate, they will
impact industries ranging from entertainment to agriculture, from
construction to delivery markets (Rao et al, 2016).

There are several links for communication with UAVs: control, video
transmission, and telemetry links. These links use radio-frequency
transmission to transmit and receive information to and from the UAV.
These transmissions can include location, remaining flight time, distance
and location to target, payload information, airspeed, altitude, and many
other parameters.

Table 1 — UAVs types, frequencies they operate on and the used modulation
Tabnuya 1 — Budbl dpoHos, ux paboyue yacmomsl U ucronb3yemas MoOynayus
Tabena 1 — Bpcme OpoHosa, chpekseHuyuje Ha Kojuma pade u Modynauyuja Kojy kopucme

Brand Frequency Modulation
DJI Phantom 2.4/ 5.8 GHz FH/ DSSS
Futaba 2.4 GHz FH/ DSSS
Spektrum 2.4 GHz FH/ DSSS
JR 2.4 GHz FH/ DSSS
Hitec 2.4 GHz FH/ DSSS
Graupner 2.4 GHz FH/ DSSS
Yuneec 2.4 GHz DSSS
Parrot AR2 2.4 GHz OFDM
Immersion 433 MHz FH

The 2.4 GHz band is the most often used frequency for remote control

(Sevi¢ et al, 2020). The 2.4 GHz systems usually use spread spectrum
technology which provides much more resistance to interference. The
transmitter and the receiver are paired which eliminates the possibility that
another transmitter connects to the receiver in use.

Table 1 (Mototolea, 2019) shows that the majority of controllers use
the 2.4 GHz band with proprietary FH-SS modulation, since it is resistant
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to narrowband interference and is difficult to intercept. Some UAVs use
the 2.4 GHz band with DS-SS modulation or with orthogonal frequency
division multiplexing (OFDM) modulations.

Video links are used to send information from cameras, microphones,
or different sensors. The OFDM is the most popular modulation technique
for transmitting video (Mototolea, 2019). Simple frequency modulation is
also used for transmitting video information.

The telemetry link is used to send information regarding the voltage
of the supply, altitude, vertical and horizontal speed, temperature, and
other critical parameters. Using such a module, the controller can receive
real-time data from the UAV. DS-SS, FH-SS, and OFDM modulations are
used to transmit the telemetry data (Mototolea, 2019).

While most popular UAV brands use only one type of modulation in
their proprietary technology, some brands combine DS-SS and FH-SS to
make the communication more robust.

Global system for mobile communication (GSM)

The GSM is a digital mobile network that is widely used by mabile
phone users in Europe and other parts of the world. It is a standard that
specifies how second generation (2G) cellular networks operate. When the
GSM was first introduced in Europe in 1991, these 2G networks created
faster, more secure wireless connections. For the first time, voice
communications became encoded into digital signals before being
transmitted through the network. For years, the GSM reigned as the
world’s most widely used standard for mobile communications. But today,
2G networks are significantly slower than other cellular networks, and in
several countries, 2G networks are being switched off.

Two frequency bands are defined for the GSM: the band from 890
MHz to 915 MHz is used for the uplink and the band from 935 MHz to 960
MHz is used for the downlink. Besides these 900 MHz bands, there are
two bands in the 1800 MHz, from 1710 MHz to 1785 MHz and from 1805
MHz to 1880 MHz (Wigard et al, 1996).

The GSM system combines time division multiple access (TDMA) and
frequency division multiple access (FDMA) for effective use of the
frequency band. FH-SS is a feature of the GSM system used to decrease
the simultaneous usage of the same frequencies and in this way averages
the interference level. The GSM system divides the carrier frequencies into
eight timeslots, according to TDMA. Each time slot is used to handle the
call of one subscriber (Mishra, 2007).
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The slow FH-SS method is implemented in the GSM system (lvanov
et al, 1996). The frequency can be changed after every TDMA frame. By
changing the frequency after each 4.615 ms (length of one TDMA frame),
in one second the TDMA frame makes 217 hops per second (Mishra,

2007).
BCCH timeslot
| oll1|2|3(4|5|6|7| TRX1

_'_"_t N '.: : . . ‘ 7\

TRX 2

-«
-
"

vl b TRXa

Baseband FH-SS

BCCH timeslot
|0 1(2|3|4|5|6|7| TRX1, no hopping

TRX2 |

MA list frequencies

Yiviv A v i TRX n ‘r

Synthesized FH-SS

Figure 3 — Baseband FH-SS and synthesized FH-SS
Puc. 3 — Cka4ykoobpasHasi nepecmpolika 4acmombsl OCHO8HOU MosoCh! U
CUHMe3upoBaHHasi CKa4koobpasHasi nepecmpolika 4acmomal
Cnuka 3 — ®peKk8eHUUJCKO CKakaHe€ OCHOBHO2 oriceaa U CUHMEeMmMuU30Ha8HoO
PPEKBEHUUJCKO CKaKkaH-e

A base station contains one or more cells. Each cell may contain one
or more transceivers (TRXs). The first time slot in the first transceiver of a
cell is used as the broadcast control channel (BCCH). The remaining time
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slots in that transceiver and the time slots in the other transceivers are
used as traffic channels (Bourjolly et al, 2002).

Figure 3 (Mishra, 2007) presents the FH-SS types of the GSM
system, baseband FH-SS and synthesised FH-SS. This depends on the
type of equipment installed at the transceiver.

In baseband FH-SS, the transceivers actually have fixed frequencies
and frequency hopping operates so that bursts are shifted from one
transceiver to another according to the hopping sequence. The number of
hopping frequencies, therefore, comes from the number of transceivers.
The length of the mobile allocation (MA) list is the number of transceivers.
The broadcast control channel in the first transceiver does not hop and
therefore is excluded from the hopping groups. With baseband FH-SS
there are two actual hopping groups, one for the first timeslots of each
transceiver excluding the BCCH transceiver and another for all the other
timeslots. The first hopping group has TRX-1 frequencies, due to the
dedicated BCCH frequency (Mishra, 2007).

In synthesized FH-SS, the frequency of the transceiver changes. Any
call goes through one transceiver, but the frequency is changing over time.
This allows the number of frequencies in the mobile allocation to be larger
than the number of transceivers (Mishra, 2007). A maximum of 64 hopping
frequencies is allowed (Olofsson et al, 1995). The synthesized FH-SS
pattern can be either random or cyclic. In random frequency hopping, the
frequencies are randomly selected from the available set of frequencies.
Cyclic hopping has a defined cycle for the frequencies in the mobile
allocation list (Mishra, 2007).

Bluetooth

Bluetooth technology is a standard for short range radio links between
personal computers, mobile phones, and other portable devices (Puki¢ et
al, 2012). The name Bluetooth comes from the Danish king Haruld Blitund
(Bluetooth). King Bluetooth is credited with uniting the Scandinavian
people during the 10th century. Similarly, the Bluetooth wireless
technology aims to unite personal computing devices. The name was
chosen temporarily to describe the yet unannounced development project.
However, the search for a new name never came to a successful fruition
and the temporary name became permanent (Bisdikian, 2001).

Robustness, low consumption, and low price are the key features of
Bluetooth. The Bluetooth specifications were established by the joint effort
of over two thousand industry-leading companies, including 3Com,
Ericsson, IBM, Intel, Lucent, Microsoft, Motorola, Nokia, Toshiba, etc.
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under the umbrella of Bluetooth Special Interest Group (Chlamtac et al,
2003). Bluetooth is standardized within the IEEE 802.15 Working Group
for Wireless Personal Area Networks formed in early 1999 (IEEE 802.15,
2022). The IEEE 802.15.1 standard defines the basics of Bluetooth
wireless technology.

Bluetooth technology supports both point-to-point and point-to-
multipoint connections. Several piconets can be established and linked
together ad hoc, where each piconet is identified by a different FH-SS
sequence. All users participating on the same piconet are synchronized to
this FH-SS sequence. A piconet supports up to 8 devices, where one
device acts as the master. The master controls the traftic up to a maximum
of 7 units, defined as slaves in a piconet (Nusser & Pelz, 2000). Inside a
piconet, Bluetooth stations can establish up to three 64 Kbps synchronous
(voice) channels or an asynchronous (data) channel supporting data rates
of maximal 723 Kbps asymmetric or 433 Kbps symmetric (Chlamtac et al,
2003).

The Bluetooth radio channel frequency hopping rate is about 1600
hops per second for data/voice links and 3200 hops per second during
page and inquiry scanning. A channel is used for a very short period (e.g.
625 microseconds for data/voice links), followed by a hop designated by a
pre-determined pseudo-random sequence to another channel. This
process is repeated continuously according to the FH-SS sequence
(Scarfone & Padgette, 2008).

Bluetooth also provides radio link power control, where devices can
negotiate and adjust their radio power according to signal strength
measurements. Each device in a Bluetooth network can determine its
received signal strength indication and request the other network device
to adjust its relative radio power level. This is performed to conserve power
and to keep the received signal characteristics within a preferred range
(Scarfone & Padgette, 2008). Transmit power goes from 1 mW to 100 mW.
The designed operating range is from 1 to 100 m.

Figure 4 (Bluetooth, 2022) presents the types of Bluetooth radios.
There are two designs of Bluetooth radios: the Bluetooth Classic radio and
the Bluetooth Low Energy (LE) radio.

The Bluetooth Classic radio, also referred to as Bluetooth Basic
Rate/Enhanced Data Rate (BR/EDR), is a low-power (less than 100 mW)
radio that streams data over 79 channels with 1 MHz spacing in the 2.4
GHz unlicensed industrial, scientific, and medical (ISM) frequency band
(2.402 — 2.480 GHz Utilized). The data rate can be from 1 to 3 Mbps.
Bluetooth versions 1.1 and 1.2 only support transmission speeds of up to
1 Mbps, which is known as the Basic Rate (BR), and can achieve
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throughput of approximately 720 Kbps. Introduced in Bluetooth version
2.0, the Enhanced Data Rate (EDR) specifies data rates up to 3 Mbps and
throughput of approximately 2.1 Mbps. The BR uses Gaussian Frequency-
Shift Keying (GFSK) modulation to achieve a 1 Mbps data rate. The EDR
uses T1/4 rotated Differential Quaternary Phase Shift Keying (DQPSK)
modulation to achieve a 2 Mbps data rate, and 8 phase Differential Phase
Shift Keying (8DPSK) to achieve a 3 Mbps data rate (Scarfone & Padgette,
2008). Supporting point-to-point device communication, Bluetooth Classic
is mainly used to enable wireless audio streaming and has become the
standard radio protocol behind wireless speakers, headphones, and in-car
entertainment systems. The Bluetooth Classic radio also enables data
transfer applications, including mobile printing.

€3 Bluetooth

The global standard forsimple, secure device communication and positioning

Bluetooth® Classic Bluetooth® Low Energy

Solution Areas

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

Basic Rate/ Low Energy Radio
Enhanced Data Rate Radio

Figure 4 — Bluetooth technology
Puc. 4 — Bluetooth mexHonoaus
Cnuka 4 — briymym mexHonoeuja

The Bluetooth Low Energy (LE) radio is designed for very low power
(less than 100 mW) operation, transmitting data over 40 channels (3
advertising channels and 37 data channels) in the 2.4 GHz unlicensed ISM
frequency band. The data rate can be from 0.125 to 2 Mbps via GFSK
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modulation. Bluetooth LE was introduced in the Bluetooth 4.0
specification. The key technology goals of Bluetooth LE (compared with
Bluetooth BR/EDR) include lower power consumption, reduced memory
requirements, efficient discovery and connection procedures, short packet
lengths, and simple protocols and services (Scarfone & Padgette, 2008).
Bluetooth LE supports multiple communication topologies, expanding from
point-to-point to broadcast and, most recently, mesh, enabling Bluetooth
technology to support the creation of reliable, large-scale device networks.
While initially known for its device communications capabilities, Bluetooth
LE is now also widely used as a device positioning technology to address
the increasing demand for high accuracy indoor location services. Initially
supporting simple presence and proximity capabilities, Bluetooth LE now
supports Bluetooth Direction Finding and, soon, high-accuracy distance
measurement.

Conclusion

The FH-SS technique is based on a change of the carrier frequency
in a wide bandwidth according to a sequence defined by the code
sequence generator. The FH-SS technique has been successfully
implemented in many military and commercial applications, due to its high
protection against interference, making communication difficult for
reconnaissance and eavesdropping, and its ability to provide code division
multiple access. The history, principles and applications of the FH-SS
technique are presented in this article.

Military radio communications require a technique that has good
resistance to various forms of electronic attacks. Communication links for
the control of UAVs are very important, so they need to use technology
that is difficult to interfere with. Mobile personal computers, mobile phones,
and other portable devices use Bluetooth technology. The FH-SS
technique is used for all these needs.
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Pestome:

BeedeHue/uenb: CkaykoobpasHasi rnepecmpolika 4acmombl OCHO8aHa
Ha cka4ykoobpa3HoM U3MeHeHUU Hecyujeli Yacmombl 8 O4EeHb WUPOKOM
duana3oHe, kKomopoe rpoucxodum ol ynpaeneHueM Kodoeou
nocnedosamesnibHocmu. B cmambe npedcmasnieHbl  UCMOPUS,
npuHyunsl U npumeHeHue memoda ckauykoobpa3Hol rnepecmpolikKu
yacmombi.

Memodbi: B 0OaHHOU cmambe rnpedcmasnieH 0630p OaHHbIX U3
mexHuyeckol numepamypbl c coomeemcmeyowumu
KOMMeHmapusimu.

Pesynbmamel: lNocne npedcmaesneHus ucmopuu U npuHYunos memooda
cka4ykoobpasHol rnepecmpoliku yacmomsl 6 cmambe [o08odsimcs
umoau MO €ee UCMOMb308aHUK Ha [puMepax B0€HHO20 U
KOMMep4Yecko20 MPUMEHEHUS. lModuepkHyma 8aXKHOCMb
ucrosib308aHUsl  CkaykoobpasHoll  nepecmpoliku  yacmombi 8
OMUCaHHbIX MPUSTOXEHUSIX.

Bbigo0dbi: Memod ckaykoobpasHol rnepecmpolKu 4acmombl yCrewHo
MPUMEHSemMCsi 80 MHO2UX B0€HHbLIX U KOMMEPYEeCKUX MEeXHOI02UsiX,
brazo0apsi Hanu4qur 8bICOKOU 3awumbl OmM [1OMeX, yCrewHo
rnpomusocmosuieli pa3gedke U rpociywueaHuio.

Knwouesble  cnoga:  paduocesisb,  pacWupeHHblli  Auaro30H,
cKkaykoobpasHasi nepecmpolka 4Yacmomsl, Bluetooth, anobanbHas
cucmema  MobunbHoU  cesi3u, becnunomHble  niemamesibHbIe
annapameil.
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Caxemak:

Y800/yurb: Opek8eHUUJCKO CKaKarb-e ce 3acHU8a Ha CKOKO8UMOJ MpoOMeHU
hpekseHyuje Hocuoua y 8pro WUPOKOM oriceay, Koja ce odeuja nod
KOHMpOsioM KOOHe cekgeHue. Y pady cy npedcmaserbeHu ucmopujam,
MPUHYUNU U npuMeHa mexHUKe (hpeKeeHUUCKo2 CKaKkarba.
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Memode: lNpukasaH je npeaned nodamaka u3 mexHuU4YKe numepamype, y3
o00zo8apajyhe komeHmape.

Pesynmamu: HakoH npedcmasrbarba UCmopuje U MpUHUUNa MmexHUKe
hpeKseHUUjcKo2 CKakatrba, Cymupa ce HeHa yrompeby ca npumepuma
gojHe U KomepuyujanHe npumeHe. Mcmude ce eaxkHocm yriompebe
bpeKkseHUUjcKo2 CKaKarba y OnucaHuM anjiukayujama.

Bakbyyak:  TexHuka  (hpekseHUUjcKo2  CKakaka je  yCriewHo
UuMrinieMeHmupaHa y MHO2UM 80JHUM U KOMepyujariHuUM mexHosioaujama
jep npyxa eehy sawmumy o0 cMemHU, WMO omexasa ussuharbe U
npucnywkusar-e.
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Abstract:

Introduction/purpose: The paper presents a systematic approach to the
development of a series hybrid electric tracked vehicle (HETV) includ-
ing powertrain sizing and adequate energy management strategy (EMS)
selection.

Methods: Powertrain elements were sized considering key performance
requirements. Three energy management strategies were proposed:
Thermostat Control Strategy (TCS), Power Follower Control Strategy
(PFCS), and Optimal Power Source Strategy (OPSS). The evaluation
of the powertrain configuration and the three proposed EMSs was per-
formed in the Simulink environment using a driving cycle containing sig-
nificant acceleration, braking and steering.

Results: The results showed that the OPSS proved to be the best due
to increased fuel economy and a low battery state of charge (SOC) vari-
ation. Compared to the previous research of the same vehicle with a
parallel hybrid configuration, significantly better results were achieved.
The investigation of the results indicates that the proposed powertrain
and control strategy offer 563.79% better fuel economy which indicates
that the powertrain sizing was properly performed.

Conclusions: The results of this work are of great importance for under-
standing the effect of proper powertrain sizing on fuel economy. Com-
pared to the reference vehicle, the proposed configuration achieves sig-
nificant improvement, most of which is attributed to adequate sizing. The
OPSS proved to be the best strategy, thus confirming the theoretical hy-
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pothesis. The series hybrid configuration with the OPSS as the EMS
proved to be a major candidate for use in HETVs.

Key words: tracked vehicle, hybrid electric vehicle, energy management,
control strategy, fuel economy.

Introduction

Hybrid drive is the most practical and realistic alternative to conven-
tional transmission at the moment (Jimenez-Espadafor et al., 2011; Ehsani
et al., 2018). In the field of wheeled vehicles, hybrid propulsion systems
have been very common for many years (Hannan et al., 2014). On the
other hand, due to different technological and economical reasons, the re-
search of hybrid technology for tracked vehicles has not been the focus
of many researchers. However, in the last decade, the defense industry
started showing interest in the military vehicle hybridization (Rizzo, 2014)
and hybrid electric tracked vehicles (HETVs). Hybrid drive for HETVs of-
fers advantages such as better fuel economy, additional onboard electric
power, silent watch capability and decreased noise and thermal signature
(Khalil, 2009).

In (Galvagno et al., 2012), the authors presented a mathematical model
and a dynamic analysis of a single-drive series hybrid tracked tank, while
in (Zou et al., 2012a) the authors developed bi-level optimization consist-
ing of two nested optimizations, one for optimal powertrain sizing, and the
other one for optimal power management of the HETV. In (Liu et al., 2015;
Zou et al., 2016), a control-oriented model of an HETV was developed and
the EMS based on reinforcement learning was proposed, which achieved
results comparable to dynamic programming, while the authors in (Ran-
dive et al., 2019, 2021) presented a systematic approach to powertrain
sizing which reduced transmission weight by 16% and proposed a novel
rule-based strategy which achieved over 30% better fuel economy when
compared to the previous original powertrain.

Research on the topic of hybrid propulsion has also appeared in Serbian
military circles. Driven by the idea of achieving better performance and less
fuel consumption with minimal changes to the original conventional trans-
mission, in (Milicevi¢ & Muzdeka, 2021) the authors proposed a concep-
tual hybridization model of the Serbian infantry fighting vehicle BVP M80A.
In this paper, the performance of the vehicle was analyzed, and the later
research (Milicevi¢ et al., 2021) proposed an energy management strat-
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egy (EMS) based on the Power Follower Control Strategy (PFCS) which
achieved 12.8% better fuel economy than conventional transmission, and
even better result (23.2%) was achieved with introducing additional gener-
ator in the powertrain. These two research studies laid the foundation to
hybridization of the BVP M80A, the former focusing on conceptualization
of hybrid powertrain and the latter focusing on improving efficiency of the
designed powertrain. The constraints set in the first research study led to
the complex powertrain and very complex multi-mode EMS designed in the
second one. The motivation for this work stems from the mentioned fact.
The aim of this paper is to design a series hybrid powertrain which would be
efficient and simple by considering key performance requirements, proper
sizing of all powertrain elements and adequate selection of an EMS.

Proposed powertrain configuration

The most common configuration in HETVs is series (Zou et al., 2012b;
Zhang et al., 2020; Randive et al., 2019; Qin et al., 2018; Randive et al.,
2021; Zou et al., 2016). The lack of shafts, gears and other mechanical ele-
ments is very important from the aspect of reliability and better utilization of
space. The increased power rating of battery offers more onboard electric
power. These advantages and the possibility of increased fuel economy
were the main factors for the proposed series configuration. The major
components of the proposed configuration are (Fig. 1):

1. Traction motors,

2. Simple two-stage transmission,
3. Engine-generator unit, and

4. Energy storage.

The proposed powertrain adopts a dual-drive variant of the series con-
figuration. Two traction motors independently drive the two sprockets, a
generator is driven by the diesel engine which is a primary source of en-
ergy (PS) while the battery pack supplies or absorbs energy when needed
and acts as a secondary source (SS). Between the electric motor and
the wheels there is a simple two-speed transmission. Compared to the
reference vehicle and the parallel configuration designed in (Milicevi¢ &
Muzdeka, 2021), this powertrain is much simpler. It has no planetary gear
sets and no complex gearbox. Lack of the engine-sprocket mechanical
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connection enables the engine to work at the optimal operating point which
is the main advantage of this configuration.

Sprocket

Transmission

GeneratorH Engine

Battery
Motor pack

Transmission BN Mechanical
Electrical

Sprocket

Motor

Power electronics|

Figure 1 — Proposed powertrain configuration
Puc. 1 - lNpednazaemas koH¢huaypauyusi 2ubpudHo20 rnpusoda
Cnuka 1 — lNpednoxeHa KoHguaypayuja xubpudHoe rnozoHa

Component sizing

The main rationale of the hybrid drive concept shown in (Milicevi¢ &
Muzdeka, 2021) was as few changes to the transmission as possible.
Therefore, the authors of the aforementioned research retained numerous
parameters of the initial transmission, and the parameters of the battery
and the electric motor were adapted to the initial system parameters. Such
approach to sizing certainly results in an unbalanced and disproportionate
powertrain. Due to their specific purpose, tracked vehicles have unique
requirements, such as high gradeability, off-road mobility and satisfactory
skid-steering and acceleration performance. The design of the HETV pow-
ertrain should be made based on a critical performance analysis, some-
thing that is rarely done in literature (Randive et al., 2019). Based on the
analysis, the adequate sizing of the components can be done to achieve
satisfactory performance.

Power and torque demand

Movement resistances have a complex nature and depend on the type
and slope of the terrain, pressure distribution, turning radius, etc. For this
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paper, the simplest case of movement on hard terrain will be considered.
To propel the wheels of the HETV in a straight-line motion, traction force
I}, has to be equal to the sum of various resistances as follows:

Ftr:Frol+Faer0+Fgrade+En7 (1)

where F.., Focro, Fyrade, Fin are rolling resistance, aerodynamic resistance,
road grade resistance and inertial force, respectively. These forces are
given as follows:
Fro = fmvg cos
1 2
Faero = §CdApU (2)

Fyrade = myg cos aa
Fin = 5mva
where f is the coefficient of the rolling resistance, m,, is the vehicle curb
weight, « is the road slope angle, C; is the aerodynamic resistance

coefficient, A is the vehicle frontal area, p is the air density, V is the vehicle
speed, ¢ is the mass coefficient and « is the vehicle acceleration.

During turning, the vehicle needs to overcome additional turning resis-
tances which are obtained as (Wong, 2022):

1
MR = ZMngL (3)

where p is the coefficient of the lateral resistance and L is the contact length
of the track. The coefficient p is calculated as:

b= fmaz(0.925 4+ 0.15R/B) ! (4)

where 4. is the maximum value of i, B is the vehicle tread and R is the
turning radius. The turning radius can be calculated from the equation:

B
R:—w2+w1
2(4)2—(4}1

S

where w1, w9 are the sprocket angular velocities.
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Power demand is obtained by multiplying the sum of the resistance
forces with the vehicle velocity:

Preq = I,V + MRW' (6)

The maximum power is required during the maximum acceleration. As-
suming acceleration on the level ground, the power required is given as:

1
Pz = (fmyg + §C’dA,ov2 + omya)Vy, (7)
where V; is the final vehicle speed.

The maximum torque is determined based on the gradeability require-
ments. On a slope, at a constant low speed, the vehicle must overcome
road grade resistance and rolling resistance as follows:

Fyramaz = (fmygcosa 4+ mygsina). (8)
The required torque is expressed as:
Tmax = gra,mazx * T = (fmvg COs & + My g sin a) e (9)

where r is the sprocket radius.
The performance requirements and the vehicle parameteres are given
in Table 1.

Table 1 — Overview of the vehicle parameters
Tabnuuya 1 — Ob630p xapakmepucmuK MalwUHbI
Tabena 1 — lNpeaned napamemapa eo3una

Parameter Value Parameter Value
Vehicle mass m [kg] 13850 Sprocket radius r [m] 0.2577
Track contact length L [m)] 3.3 Vehicle tread B [m] 2.526
Vehicle frontal area A [m?] 5.4 Drag coeff. Cy [] 1.1
Air density p [kg/m7] 1.2258 Rolling resistance coeff. f [—] 0.07
Maximum gradeability [%] 60 Maximum speed Vinaz [km/h] 65
Maximum acceleration 0-32km/h in 8s Silent watch autonomy [km] 25
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Transmission

Most of electric and series electric hybrid vehicles have a single-stage
transmission between the traction motor and the wheel (or the final drive)
due to high efficiency and a favorable torque curve of the electric motor
(Wu et al., 2013). However, with HETVs, the required power and torque
performances are in relative disproportion, so it is difficult to find an electric
motor with a sufficiently broad operating range. In addition, it was shown
that the dual-stage transmission for HETVs is significantly more efficient
than single-stage (Randive et al., 2021). The adopted gear ratios depend
on the maximum torque and the maximum required speed of the vehicle,
and have a direct impact on the sizing of the traction motor. The minimum
gear ratio must meet the condition of gradeability, that is:

> ngrade,maac T (1 0)

- b
2 Tm,peak

tmin

where T'm, peak is the peak torque rating of the two traction motors. On the
other hand, the maximum gear ratio must meet the condition of simultane-
ously achieving the maximum speed of the traction motor and the vehicle,

that is: o
< EM ,max (11)

tmaxr > >
ma:r:/r

where wg i, mae IS the maximum speed of the traction motor.

Traction motor

The maximum power and the torque rating of the two traction motors
need to satisfy performance requirements expressed with Eq. (7) and Eq.
(8). The combined maximum power of the two traction motors should be
equal to or greater than the maximum power required P,,,,. The maximum
and rated torque must be sufficient to satisfy gradeability performance and
to enable continuous and smooth motion at the maximum speed, respec-
tively. Adopting the data from Table 1, and substituting into Eq. (7) and Eq.
(8), the maximum required power of P,., = 227.34kW and the maximum
required torque of 20113 N'm are obtained. The torque required to maintain
the maximum speed is obtained from Eq. (1) when acceleration and road
grade resistances are ignored and amounts to 3062.3Nm. The maximum
sprocket speed is calculated as 670rpm. In accordance with this data, two
electric motors of a maximum speed of 9000rpm, a maximum torque of
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600Nm and a rated power of 120k were considered in this study. After

12000
_______ \ = = = Peak torque
10000 . Rated torque
A o e Required torque
T 8000 -  Gear1
. &
Z -
2 6000 [ RS
g ~-
= -~
) S~
4000 ~ .- Gear2 1
2000 [; !
0 I I I I I I
0 100 200 300 400 500 600 700

Speed [rpm]

Figure 2 — Combined torque-speed curve of the traction motor and the
transmission
Puc. 2 — Obwas xapakmepucmuka anekmpodguz2amersisi U mpaHCMuccuu
Cnuka 2 — 3ajedHuy4Ka Kapakmepucmuka efiekmpoMomopa U mpaHcMmucuje

adopting gear ratios of i1 = 12 and i» = 18, it is confirmed that the com-
bined torque-speed characteristic of the motor and transmission satisfies
the required performances as shown in Fig. 2.

Engine-generator set

In (Randive et al., 2019) engine sizing is based on the condition of meet-
ing the required power for constant speed operation. However, in this work,
an identical engine as in the reference vehicle will be adopted for the rea-
son of achieving the validity of the comparison with the existing parallel
hybrid configuration. Therefore, an engine with the power rating of 235kW
is adopted.

Energy storage sizing

Considering the size of the engine-generator set in this case, the energy
storage has the role of meeting required vehicle performance in the electric
only mode. The power of the storage is calculated as (Arikan, 2019):

Pmax

P = , (12)
n
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where P,,... is the maximum power needed in the silent watch mode and
n is the efficiency of transmission and electric motors.

The battery energy required to satisfy the performance of the silent
watch mode is calculated as (Borthakur & Subramanian, 2016):

S

Ees = Lele " 77 >
‘/ele

(13)
where S is the required silent watch autonomy, V,,. is the vehicle speed
during silent watch (35 km/h) and P, is the power needed to drive the
vehicle in a pure electric mode defined as

1 1
Pele = E(mvgf + §CdpAV2) : ‘/a (14)

Using Eq. (12) and Eq. (13) with the desired performance parameters
from Table 1, a battery with the power rating of 1051/ and the energy rating
of 75kW h is selected for this work. The summary of component sizes is
given in Table 2.

Table 2 — Overview of the powertrain specifications
Tabnuua 2 — Ob3op xapakmepucmuk aubpudHozo npusoda
Tabena 2 — lNpeaned napamemapa xubpudHoe no2oHa eo3ursna

ltem Specification
Transmission Dual-stage with ratios: i1 = 12, i = 18
Traction motor Max.power: 120kW, Max.speed: 9000rpm, Max.Torque: 600Nm
Engine-generator set Max.power: 235kW @2500rpm
Energy storage Max.power: 105kW, Energy capacity: 75kWh

Energy management

The most common rule-based strategy in hybrid vehicles is the Ther-
mostat Control Strategy (TCS). Other frequently represented strategies
are the Power Follower Control Strategy (PFCS) and the Maximum SOC
of Peak Power Supply (Max.SOC-of-PPS) (Ehsani et al., 2018). However,
some more advanced rule-based strategies such as the Optimal Primary
Source Strategy (OPSS) (Shabbir & Evangelou, 2019) have appeared in
recent times. These strategies have a simple implementation, are robust
and achieve good results, which makes them adequate candidates for
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implementation in military tracked vehicles.

1. Thermostat Control Strategy is based on on/off switching of the PS
depending on the battery state of charge (SOC) value. The battery
SOC can vary in a predefined range [SOC1,, SOCy]. Then, when the
SOC reaches the lower limit, the PS turns on and recharges the bat-
tery up to the SOCY; value, when it turns off again. The PS is typically
set at the most efficient operating point Ppgs,,:. The mathematical im-
plementation is based on the state S(¢) which determines if the PS
is active:

0, SOC(t) > SOCy
S(t) =41, SOC(t) < SOCY, (15)
S(t™) SOCL < SOC(t) < SOCy

where SOC, and SOCYy are the lower and upper limits of the battery
SOC, and the S(¢7) is the state S in the previous time sample. The
PS will also supplement power if the power demand exceeds the
power rating of the SS without changing the state S(¢).

2. Power Follower Control Strategy employs the power-following ap-
proach which means that the PS follows the load with some deviation
in order to correct the battery SOC. The PS power follows the load
when the SOC is between SOC}, and SOCy but biases the PS op-
eration in favor of charging or discharging the battery when the SOC
leaves the predefined range. Mathematical implementation is similar
to the TCS:

0, SOC(t) > SOCy and Py, < Ppsmin

S(t) = 1, SOC(t) < SOCyL or P, > Pssmax (16)
S(t™) SOC(t) > SOCL and Pr, < Pssmax

where Pj, is the power demand, Ppg..;n, is the tunable minimum
power of the PS and Psg,.. is the maximum power of the SS. For
S(t) = 0 the PS power is always Ppg = 0, while for S(¢) = 1 the PS
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operation is defined as:

Ppsmin, SOC(t) > SOCy
Pps(t) = { Pu(t), SOC, < SOC(t) < SOCy (17)
Ppsmas SOC(t) < SOCy,

where Ppgq. IS the maximum power of the PS and P, (t) is given

as:
SOCy + SOCY

2

Po(t) = P+ Pch( - SOC(t)), (18)

where P, is the charging factor.

. Optimal Primary Source strategy employs the load-leveling approach
using a threshold changing mechanism instead of state changing as
in the TCS or the PFCS. In that way, a charge sustaining mecha-
nism is obtained. The strategy design is strongly based on solu-
tions gained via optimization strategies and by utilizing effectiveness
of modern start-stop engine systems in HEVs (Shabbir, 2015). The
threshold value for the activation of the PS is defined as

SOC — SOCnitial )
SOCrange ’

Ppsmin(SOC) = Py, + Py (19)
where Py, is the threshold value that needs to be tuned to achieve
the best results. Applied to a small passenger vehicle, this strat-
egy managed to achieve fuel consumption only 1% lower than the

optimization based Equivalent Consumption Minimization Strategy
(ECMS) (Shabbir & Evangelou, 2019).

Results analysis

Based on the mathematical model, a backward-looking model of the
series HETV was created in the Simulink environment. For the evaluation
of the model and EMS, a drive cycle was artificially constructed using the
data available. The drive cycle contains the speed profiles for both tracks
moving on the hard ground (Fig. 3).

It includes significant acceleration, braking, and steering. The average
vehicle speed is 18.5km/h, and the travel distance is 11.12km. Since the
drive cycle is assumed to be known, gear shifting is also predetermined
such that the vehicle meets the required performance. Three proposed
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EMSs were evaluated with the same initial data on the same driving cycle.
The power profiles are shown in Fig. 4, and the SOC change over time is
presented in Fig. 5.

15
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=
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Figure 3 — Created drive cycle for the EMS evaluation
Puc. 3 — PaspabomaHHbIl e30080U LUK/ 071 OUEHKU crmpameauu yrpasieHust
3HepeaornompebreHuem
Cnuka 3 — KpeupaHu YuKIlyc 80XH-€ 3a egarlyayujy cmpamezauje yripassbarba
eHepaujom

The power profiles of the PFCS and the TCS are very similar (Fig. 4).
Although the PFCS should follow the load, in this case it does not hap-
pen due to the specific vehicle exploitation conditions causing the elements
of the powertrain to be oversized in order to achieve the required perfor-
mance. Therefore, it seems that the PFCS is not a good choice for use
in HETVs. Instead, the TCS would be a more adequate choice for HETVs
due to its simplicity. On the other hand, the power profile of the OPSS
is significantly different from those of the PFCS and the TCS. The load-
levelling approach is noticeable and the PS always works at the optimal
operating point. Also, the SOC varies significantly less than in the PFCS
and the TCS, thus extending the battery life. Despite the significantly less
SOC variation, with the OPSS, the engine is active about 6% time less
compared to the other two strategies (Table 3). This fact directly reflects in
fuel consumption, which is lower than in the other two strategies (Table 4).
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Figure 4 — Power time histories of the tested EMS
Puc. 4 - lNpogpurnb usMeHeHUs1 MOUWHOCMU NpomecmuposaHHbIX cmpameauti
yrpaerneHus sHepaoriompebreHuem
Cniuka 4 — lNpocbusn npomeHe cHaze KOO mecmupaHux cmpameauja yrpasibarba
eHepaujom
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Figure 5 — Charge profiles for the TCS, the PFCS, and the OPSS
Puc. 5 - [Juazpamma usmeHeHusi 3Ha4eHuli SOC omHocumernbHO cmpameaud
TCS, PFCS u OPSS
Cnuka 5 — [ujaepam npomeHe gapedHocmu SOC 3a cmpameeuje TCS, PFCS u
OPSS
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The OPSS proved to be the best of the tested strategies. In addition
to the best fuel economy, the small SOC variation reduces battery voltage
fluctuation and increases the battery life. A constantly high battery SOC
ensures the availability of electric power for auxiliary loads on or off the
vehicle. In comparison with the reference vehicle from (Milicevi¢ et al.,
2021), the proposed configuration with the OPSS achieves a significantly
better economy of as much as 53% (Table 5).

Table 3 — Engine usage time as the percentage of the total drive cycle time
Tabnuua 3 — Bpems ucrnonb3oeaHusi dsuzamens CYC, ebipaxeHHoe 8
rpoueHmax om obwezo speMmeHU €3008020 YuK/a
Tabena 3 — Bpeme akmusupaHocmu momopa CYC u3paxeHo Kao rnpoueHam
YKYrHO2 8peMeHa mpajarba YUKIyca 80XH-€

EMS | Engine ON time as % of total drive cycle time
TCS 50.5%
PFCS 50.51%
OPSS 44.09%

Table 4 — Fuel consumption comparison for the tested EMSs
Tabnuuya 4 — ConnocmaerneHue pacxoda mornausa rnpomecmupo8aHHbIX
cmpameaud yrpaeneHusi 3HepzornompebreHuem
Tabena 4 — lNopehere nompowre eopusa mecmupaHuUx cmpameauja
yrnpassrbara eHepaujom

EMS | Relative fuel consumption [-] | Improvement [%]
TCS 100 -
PFCS 97.86 2.14%
OPSS 92.02 7.98%

This result is a consequence of much better powertrain sizing and a
simple and adequate EMS. The initial hypothesis for the reference vehicle
to change the transmission as little as possible, and then to optimize the
operation of such a transmission, proved to be very unsuccessful, which
showed that when hybridizing a vehicle, one must take into account the
proper sizing of the powertrain elements.

The reference vehicle ended up with a slightly oversized engine and
undersized electric motors and battery, which caused the engine to be ac-
tive during most of the drive cycle. By switching to the series configuration
and with proper sizing, significantly better results were achieved. The main
reason for this is a much larger battery and more efficient operation of the
engine due to the absence of a mechanical connection between the engine
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and the wheels. In this work, the engine was left unchanged for the pur-
pose of comparison with the reference vehicle; however, as Fig. 4 shows, it
is clear that excess energy is created and that the engine should be down-
sized, which would also achieve additional fuel savings.

Table 5 — Comparison between the reference and proposed powertrain
configuration and the EMS
Tabnuuya 5 — ConocmaerneHue ceputliHo2o u npednazaemozo 2ubpudHO20
rnpusoda u cmpameauu yrnpasrneHusi 3HepeornompebreHuem
Tabena 5 — lNopehere pechepeHmHoez u npednoxeHoa xubpudHoz no2oHa u
cmpameauje yripasibarba eHepaujom

Engine ON time | Relative fuel consumption [-] | Improvement [%]
Reference 92% 100 -
Proposed 44.09% 46.21 53.79%
Conclusion

This paper presents a systematic approach to the development of a se-
ries configuration hybrid electric tracked vehicle. All powertrain elements
were systematically sized based on the key performance requirements
except the engine, which remained of the same size as in the reference
vehicle with the parallel hybrid configuration. Three energy management
strategies were proposed, namely the TCS, the PFCS, and the OPSS. The
evaluation of the powertrain configuration and the proposed strategies was
performed in the Simulink environment using a driving cycle containing sig-
nificant acceleration, braking and steering. The results showed that the
OPSS proved to be the best due to the best fuel economy and a low bat-
tery SOC variation. The load-leveling approach enabled this strategy to
have an engine usage time of 6.4% less than the other two EMSs rela-
tive to the total drive cycle time. In comparison with the same vehicle with
the parallel configuration where the sizing was constrained in the sense of
harnessing hybrid drive advantages with as little change of the powertrain
as possible, the proposed powertrain configuration achieved a significantly
better fuel economy of 53.79%. The main reasons for improved fuel econ-
omy are proper sizing, a much simpler powertrain and therefore a much
more efficient EMS which enabled the engine to be active only 44.09 % of
the total drive cycle time compared to 92% of the time of the parallel config-
uration. The main conclusion of this work is that proper sizing of powertrain
elements must be taken into account when hybridizing a vehicle. Potential
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fuel savings and increased efficiency outweigh the cost of radical power-
train changes. Also, the series hybrid configuration presented itself as a
major candidate for use in hybrid electric tracked vehicles.
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MOLWHOCTbL W YMNPABINEHWE SHEPTOIMNMOTPEBJIEHVEM
TMBPYOHOWN I'YCEHWNYHOW MALUVHBI OBbIYHOW
KOHOUTYPALINA

CmegpbaH B. MununyeBmny, koppecnoHaeHT, MeaH A. bnaroesud

Benrpagckuit yHuBepcuTeT, MawMHOCTPOUTENbHbIA (haKymnbTeT,
kadepa MOTOPHbLIX aBTOMOOUITbHBIX TPAHCMOPTHBLIX CPEACTB, .
Benrpaa, Pecnybnuka Cepbus

PYBPUKA TPHTW: 78.25.09 BoeHHasi aBTOMOOUNbHAsA TEXHUKA,
78.25.10 bpoHeTaHkoBast TEXHUKA
BWO CTATbW: opurnHanbHas Hay4Has ctaTbsi

Pesrome:

BeedeHue/uenb: B daHHoU cmambe npedcmasrieH CUCmeMHbIU
nooxo0 K paspabomke cepuliHo20 2ubpuUOHO20 31IEKMPUYECKO-
20 2yCeHUYHO20 mpaHcrnopmHoz20 cpedcmea (FATC), eknoyas
8blbop ripusoda u coomeemcmayroweli cmpameauu yripasre-
Husi saHepzornompebrieHuem (OMC).

Memodbi: Pa3mepbi anemMeHmMo8 cuiiogoz2o azpezama bbinu
nodobpaHbl ¢ y4emom Krrodesbix mpebosaHuli K rpou3eodu-
menbHocmu. Bbinnu npednoxeHbl mpu cmpameauu yrnpaeneHusi
3HepeonompebrieHueM: cmpameausi yrnpaeneHusi ¢ NoMoUbo
mepmocmama (TCS), cmpameausi yrpagneHuss nosmopume-
nem mowHocmu (PFC) u cmpameausi onmumasibHO20 UCmOoY-
Huka numaHus (OPSS). OueHka KoHhucypayuu mpaHcMuccuu
u mpex rpeodroxeHHbIXx cmpameaul bbifia 8binosiHeHa 8 cpe-
Oe Simulink ¢ ucrionb3o8aHuem 3008020 LUKIIa, 8KITHOHYaWe20
3Ha4YumeribHOe yCKOPEeHUE, MOPMOXeHUE U pyriesoe yrpasrie-
Hue.

Pesynbmamel: Pe3synbmamai rnokasanu, ymo OPSS okasanacb
nyqwed cmpameauel, brnazodapsi SKOHOMUU MOnAu8a U HU3KO-
My YpO8HIo usmeH4yugocmu s3apsida 6bamapeu (SOC). Hado nood-
YepPKHYymb, YMO MO CPAaBHEHUIO C MPedbIOyWUMU UCTbIMaHusMu
moeo xe asmomoburis ¢ napasnnenbHol 2ubpudHoU KoHguzypa-
yued 6biu 0ocmuaHymbl 3Ha4UumesibHO JlyHuwue pesybmamsbi.
AHanu3s pe3ynbmamos rokasbigaem, 4mo rpeosioKeHHasi KOH-
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ueypayus npueoda u cmpameaus ynpasneHusi obecriedusa-
tom cHuUXXeHue pacxoda morinuea Ha 53,79 %, 4ymo ceudemerib-
cmeyem o npasusibHoM 8bibope pasmepa 2ubpudHO20 rpueoda.

Bbigo0s1: Pesynbmamsbl GaHHO20 uccredosaHus npedcmaeris-
tom 6osbWyto 3Ha4UMOCmb OJ1s1 MOHUMAaHUS 8TUSIHUS rpasusib-
Ho20o ebibopa pasmepa npusoda Ha IKOHOMUYHOCMb MpaHC-
rnopmHoezo cpedcmea. 1o cpagHeHuto ¢ cepuliHbIM MpPaHCcIopm-
HbiM cpedcmeom, npednazaemasi KOHQuUaypauus obecriequsa-
em 3Ha4yumersibHoe ynyJweHue, 8 YacmHdocmu, briazodaps co-
omeemcmeyroulemMy 8bibopy pasmepa. CoenacHo 8bi08UHymMol
eurniomese, Haunydweut cmpameauel oka3anack OPSS. Cepul-
Hasi eubpudHas koHgueypauus ¢ OPSS e kayuecmee OMC oka-
3anacek yqwum kaHoudamowm 0rnisi ucrnionb3osaHusi FOTC.

Knrouesble croga: 2yceHuyHasi mMawuHa, 2ubpudHas mawu-
Ha, aHepeornompebrieHue, cmpameaus ynpaesseHus 3Hepaono-
mpebrieHuem, pacxod morisiuea.

ONMEH3NOHUCAHSE MOIMOHA 1 YTNPABIBAHE
EHEPI’MJOM XMBEPUOHOI N'YCEHNYHOI BO3UITA PEOHE
KOHOUTYPALIMJE

Cmegpar B. Munuhesuh, aytop 3a npenucky, Mea+ A. bnarojesuh

YHusepsutet y beorpaay, MawwuHcku cakynTeT, Kategpa 3a moTopHa
Bo3una, beorpaga, Penybnuka Cpbuja,

OBJIACT: maluMHCTBO
KATEFOPWJA (TWM) YNAHKA: opurMHanHu Hay4Hu pag

Caxemak:

Yeood/uurb: Y pady je npedcmasrbeH cucmemamcku rnpucmyr
paseojy pedHoz xubpulHoz enekKmpuYHO2 2yCeHUYHO2 803ursa
(XETB) ykrbydyjyhu dumeH3uoHuUcaH-e noeoHa u uzbop odzoea-
pajyhe cmpameeuje ynpasrbara eHepaujom (EMC).

Memode: EnemeHmu no2oHckoz ckrnorna cy OUMEH3UOHUCaHU,
y3umajyhu y 0b3up Krby4yHe 3axmese nepghopmarcu. [lpediio-
JKeHe Cy mpu cmpameeauje yrpasibarba eHepaujoM: mepmo-
cmamcka cmpameauja (TL{C), cmpameauja ynpasrbar-a rpahe-
wem onmepehemsa (MPOLIC) u cmpameeauja onmumarsHoa U3eo0-
pa eHepeuje (OlCC). Esanyayuja KoHgbuaypauuje rnosoHa u
mpu npednoxeHe EMC usspweHe cy y okpyxery CUMyUHK KO-
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puwherem YuKITlyca 80XHe€ Koju cadpxu derioge ca 3HamHUM
ybp3aruma, KoHeruma U yrpasrbaHem.

Pesynmamu: Pesynmamu cy noka3sanu 0a ce OlICC nokasa-
na kao Hajborba cmpameeuja 3602 nosehaHe ywmede 2opu-
8a U HUCKe gapujayuje cmara HaryHheHocmu bamepuje (COL).
Y nopehewy ca npemxo0HUM ucmpaxuearbeM Ucmoe 603u-
J1a ca naparnesniHoM xubpuOGHOM KOHgbuaypayujom, nocmuaHymu
cy 3HamHo bosbu pesynmamu. AHanu3a pesynmama rokasyje
Oa ce npedrnoxeHoOM KOHgbuzypayujom rno2oHa u cmpameaujom
yrnpassrbarba nompouwlrba 2opusa cMamyje 3a 53,79 %, wmo yka-
3yje Ha mo da je uMeH3UOHUCaH-e XUbpUdHoO2 rno2oHa rnpasusiHo
u38e0eHo.

Bakmpyyak: Pesynmamu ogoe pada cy 00 geflukoz 3Havaja 3a
pa3symesarbe ymuuyaja rpasusiHoa OUMEH3UOHUCaHa Mo2oHa Ha
€KOHOMUYHOCM 8o3urna. Y nopehemy ca peghepeHmHUM 803u-
oM, ripedrioxeHa KoHguzypayuja nocmuxe 3Ha4yajHo nobosnb-
ware, 00 Kojea ce Hajeehu deo npunucyje adekeamHOM OUMEH-
3uoHucary. OFCC ce nokasana kao Hajéorba cmpamezuja, Yu-
me je nromepheHa meopujcka xurnomesa. [Noka3sarno ce da je ped-
Ha xubpudHa koHgueypauyuja ca OlCC kao EMC Haj6éorba 3a
yrnompeby y XETB-y.

KrbyyHe peyu: 2yceHU4YHO 803urs1o, XubpudHo 803uslo, yrpasiba-
e eHepeaujoM, cmpameeauja yrpasrbarka eHepaujoM, nompo-
WwH-a eopusa.
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Abstract:

Introduction/purpose: The paper presents a numerical simulation of an
impact of a 12.7 mm projectile on an armored metal plate with a velocity of
500 m/s at a distance of 900 m. Numerical simulations offer the possibility
of drastically reducing the time required to obtain results in comparison to
the time required for planning, organization and execution of experiments.
The numerical simulation is done by variations in the thickness of the armor
metal plate, specifically an armor metal plate of a thickness of 10 mm, 17
mm, 18 mm, and 23 mm. The mentioned armored plate thicknesses were
chosen based on the results in order to determine the limit thickness of the
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armored plate for the projectile perforation limit, as well as for complete
ballistic protection.

Methods: Finite element modeling is used for analyzing stresses and
deformations of the armored plates. The mentioned method calculates the
impact of the projectile on the obstacle, precisely the collision of the
projectile and the armor plate.

Results: For the comparative analysis, the parameters used are the values
of the stress and the displacement. For each of the above-mentioned
thicknesses of the armored metal plate, the values of stress and
displacement during projectile impact were determined. The results of this
study show how the thickness of the armor plate affects the interaction of
the projectile and the armor plate.

Conclusion: If the physical and chemical characteristics of the armored
plate remain unchanged, as the thickness of the armored plate increases,
the possibility of projectile penetration decreases, and vice versa. This
research is of essential importance because it analyzes the stresses and
deformation of armor plates whose basic role is the protection of personnel
and equipment from the projectile impact. In this regard, the thickness of
the armored plate for semi-penetration of the projectile is determined.

Keywords: armor plate, projectile, impact, finite element modeling.

Introduction

Small-caliber bullet protection is a key concern for both military and
civilian facilities, especially at distances up to 100 m. The main task is how
to protect infantry from the effects of anti-materiel rifles in calibers of 10
mm to 20 mm. Modern war implies that infantry is transported by combat
vehicles such as Infantry Fighting Vehicles (IFVs), also known as
Mechanized Infantry Combat Vehicles (MICVs), or Mine-Resistant
Ambush-Protected (MRAP) wheeled armored vehicles.

Troops transported by such vehicles are a very easy group target, and
because of that, it is very important to protect troops inside vehicles from
the effect of projectiles. In order to reduce the penetrability of vehicles,
armored steel plates are added. Metallic armor plates are often used to
protect moving and stationary platforms from a variety of projectiles.
However, it is necessary to be careful, because the addition of armor
plates affects the overall weight of the vehicle and reduces the mobility
and passability of the vehicle.

Large deformation, erosion, high strain rate, dependent nonlinear
material behavior, and fragmentation are all problems associated with
high-velocity impact and projectile penetration.
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The basic task of this paper is to determine the thickness of the plate
that will be resistant to the impact of a projectile of 12.7 mm, thus protecting
the infantry, and which will not affect the performance of the vehicle. For
this study, only a frontal impact of a projectile into a plate of various
thicknesses was considered.

The bullet used in this analysis is 12.7 mm and it is shown in Figure 1.
The core of the bullet is made of an alloy of copper and zinc, and the

core of this bullet is the projectile used in the simulation. The ballistic
characteristics of the core are presented in Table 1.

912,.7
$13,01

64.6

Figure 1 — Bullet 12.7 x 108
Puc. 1-Tlyna 12.7 x 108
Cnuka 1 — Memak 12,7 x 108

Table 1 — Ballistic characteristics of the bullet core
Tabnuya 1 — bannucmu4eckue xapakmepucmuKu cepOeyHuKa rynu
Tabena 1 — banucmuyke Kapakmepucmuke 3pHa Memka

Projectile velocity (at a distance of 25 m) V2s 805 m/s
Projectile velocity (at a distance of 300 m) V300 720 m/s
Pressure Pmax 304 MPa
Precision Rs300 10 cm
Core weight m 51,39

The material characteristics of the core of the bullet for the explicit
dynamic analysis are given in Table 2.
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Table 2 — Material characteristics of the core of the bullet for the explicit dynamic
analysis
Tabnuya 2 — Xapakmepucmuku Mamepuara cepoedHuka nysu u 07s i8Ho20
OuHamu4yecKoz0 aHanu3a
Tabena 2 — MamepujanHe kapakmepucmuke 3pHa Memka u napamempu

nompebHu 3a ekcrnnuyumHy OUHaMU4Ky aHanusy

Parameters Values
Johnson- Yield stress A [MPa] 112
Cook Proportionality coefficient B [MPa] 505
parameters | Strain rate C 0.009
Impact parameter
Temperature m 1.68
impact parameter
Reinforcement exponent n 0.42
Melting temperature Tm [K] 1189
Room temperature T [K] 293
Constant é 1
0
Johnson- Damage parameters D1 0.54
Cook D2 4.89
damage Ds 3.03
parameters D4 0.014
Ds 1.12
EOS Mie-Gruneisen equations M [m/s] 3667
parameters | of state parameters S1 1.507
S2 0.000
Ss 0.000
r 2.086
a 0.485
General Density o [t/mm3] 8.52E-9
parameters | Young’s modulus E [MPa] 110
Shear modulus G [GPa] 40
Poisson’s ratio v 0.375
Specific heat Cp [J/kgK] | 385

Finite element modeling

The penetration, damage, and failure mechanisms when the projectile
impacts the armor plate were investigated using a computational model
based on finite elements (Jena et al, 2019). Theoretical models are used
in simulations with real material properties (projectiles and armor plates)
to show how the projectile interacts with the armor plate. LS-DYNA
(Livermore Software Technology, 2014), a commercially available finite
element software, was used for finite element modeling and analysis
(Mahfuz et al, 1999).
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A two-dimensional finite element model of the armor plate and the
bullet core was developed as shown in Figure 2.

Figure 2 — Finite element model
Puc. 2 — MoOesnb KOHEYHbIX 371IEMEHMO8
Cnuka 2 — Moden KoHa4YyHUX erlemeHama

The armor plate was meshed with four-node continuum hexahedral
elements. Two-dimensional finite elements provide better computational
performance/cost than fully integrated 3D elements. The element size was
smallest in the region where the projectile impacted the armor plate and
the element size was increased in regions away from the impact point. The
overall finite element model had 8400 2D four-noded hexahedral
elements. Contact was defined between the projectile and the armor plate
with a hard contact definition for normal contact. The developed finite
element model was used to investigate the penetration of the projectile
through the base armor plate. The numerical calculation was performed at
a distance of 900 m when the projectile velocity was 500 m/s.

Theoretical basis

Penetration is the motion process of a penetrator through an obstacle
(armor plate for this study). The term, penetrator, means anything that is
intended for penetration, and the obstacle is the environment that is
exposed to the action of the penetrator. The study of the penetration
process is of great importance both in the field of military technology and
in the field of civilian application (Feng et al, 2020). Terminal ballistics is
one of the basic disciplines that deals with defining the mechanisms of
penetration, which significantly contributes to the optimization of the
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design of the projectile, penetrating, and destructive action, as well as for
the design of armor protection (Meng et al, 2021).

Depending on the outcome of the penetration process, there are four
different cases:

Perforation - means the penetration of the entire penetrator through
the obstacle (armor plate for this study), forming a regular, approximately
cylindrical hole in the obstacle.

Limit perforation - represents the limit case of penetration because
the hole in the obstacle is of irregular shape and a smaller area than the
cross-sectional area of the penetrator, unlike the perforation, i.e. only parts
of the broken penetrator pass through the hole.

Semi penetration - characterizes the stopping (jamming) of the
penetrator in the obstacle or its breaking during penetration.

Ricochet - is the repulsion of the penetrator due to sliding on the
surface of the obstacle if it is tilted.

The penetrating power of a penetrator is the ability to break through
an obstacle. Increasing the penetrating power of the penetrator can be
achieved by increasing the length and density of the penetrator, as well as
by reducing its diameter. In opposition to this, the ability to resist
penetration is the resistance of an obstacle. Increasing the resistance of
the obstacle is achieved by increasing its thickness and density, as well as
by improving the mechanical properties of the material. When considering
penetration, the impact velocity, output velocity, and velocity of the ballistic
limit are of greatest importance.

Impact velocity Vs (or Vo) is the instantaneous value of the penetrator
line velocity at the moment of initial contact with the obstacle. It is assumed
that the impact velocity vector is collinear with the penetrator axis, i.e. the
flight of the penetrator with zero angle of attack is always assumed. The
effects of the angular velocity of the penetrator around its own axis, in the
case of gyro-stabilized penetrators, are not taken into account (Rajole et
al, 2020).

Output (residual) velocity V; is the velocity of the penetrator at the
moment of passing the bottom of the penetrator through the plane
determined by the rear surface of the obstacle.

The velocity of the ballistic limit is one of the basic characteristics of
the penetrator-obstacle system and can be defined in several ways.
Theoretically, this is the minimum value of the impact velocity at which the
penetration occurs, or the maximum value of the impact velocity at which
the penetration through the obstacle does not occur.
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Johnson-Cook material model

The Johnson-Cook plasticity model was used to calculate the strain
rate-dependent plastic deformation of the projectile core and armor plate
material. Metal high-strain rate deformation has been successfully defined
using the Johnson-Cook plasticity model (Wang & Shi, 2013). The effects
of strain, strain rate, and adiabatic heating on flow stress are included in
the Johnson-Cook plasticity model. The Johnson-Cook plasticity model is
represented by Equation 1.

o= A+B&" |[1+ClIn&*][1-(T)" ] (1)

where A, B, C, n, and m are the material parameters determined from
experimental data. The temperature is determined from equation 2.

U

e (T elt _Tref ) @)

m

where Tt is the temperature below which material shows no
temperature dependence on flow stress. The strain rate is given by
equation 3.

&= z ®3)

The initiation of damage is determined by equation 4, which gives the
equivalent plastic strain at the onset of damage.

- pl
g" =[d1+d2e(‘d3’7q{l+ d4ln[5‘—ﬂ(l+ d;T *) (4)
&
where di, dz, ds, ds4, and ds are the material damage parameters and
&, s the reference strain rate. The damage in the material is defined by

using a parameter D with a value between 0 and 1 where 0 means no
damage and 1 means fully damaged material. Material failure occurs when
D reaches a value of 1.

Material characteristics and initial conditions

AISI 4340 steel material characteristics were used for the armor plate
and are shown in Table 3, while the projectile material characteristics were
the ones from a copper alloy and are shown in Table 2.
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518HO020 OUHaAMUYECKO20 aHalu3a

Table 3 — Material characteristics of the armor plate for the explicit dynamic analysis
Tabnuya 3 — Xapakmepucmuku Mamepuasa 6poHenucma u xapakmepucmuku st

Tabena 3 — MamepujanHe kapakmepucmuke banucmuyke rjodye u napamempu

nompebHu 3a ekcrnnuyumHy OUHaMU4Ky aHanusy

Parameters Values
Johnson- Yield stress A [MPa] 792
Cook Proportionality coefficient B [MPa] 510
parameters | Strain rate C 0.014
Impact parameter
Temperature m 1.03
impact parameter
Reinforcement exponent n 0.26
Melting temperature Tm [K] 1793
Room temperature T [K] 293
Constant é 1
0
Johnson- Damage parameters D1 0.05
Cook D2 3.44
damage D3 -2.12
parameters D4 0.002
Ds 0.61
EOS Mie-Gruneisen equations M [m/s] 3850
parameters | of state parameters S1 1.354
S2 0.000
Ss 0.000
r 1.707
a 0.430
General Density o [t/mm3] 7.85E-9
parameters | Young’s modulus E [MPa] 210
Shear modulus G [GPa] 80
Poisson’s ratio v 0.29
Specific heat Cp [J/kgK] | 477

Results and discussion

In accordance with theoretical and practical knowledge, it is very easy
to conclude that with increasing the thickness of the obstacle (it is
important to mention that the same physical and chemical characteristics
are maintained) the probability of achieving the effect of penetration
decreases.

Within this paper, a numerical simulation of the penetration of a 12.7
mm projectile was performed for four different cases, i.e. for four different
obstacle thicknesses.
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Model 1

Figures 3-7 show the field of distribution of the von Misses equivalent
stress for model 1. For this case, the impact projectile velocity was 500
m/s, the armor plate thickness 10 mm, and the simulation time 0.2 ms.

Penetration - Armor plate AISI 4340, e=10mm, Vo=500m/s Eft
Time = 1.8088e-05 ective Stress (v-m)

Contours of Effective Stress (vm) 1.0006400
max IP. value

min=0, at elems 13253 000801
Max=0.0560272, at elems 1261 8.0006-01 _

7.000e-01

6.000e-01 __
5.000e-01 _|
4.000e-01 _|
3.000e-01 _

2.000e-01
1.000e-01
0.000e+00_|

Y

b

Figure 3 — Von Misses equivalent stress, time of analysis 0.01 ms — Model 1
Puc. 3 —Von Misses akguganeHmHoe HanpsixeHue, epemsi aHanu3a 0.01 ms —

Mooenb 1
Cnuka 3 — Von Misses-08 ekgugasnieHmHu HaroH, epeme aHanuse 0,01 ms — modesn
1
l::nrlel(r:l’lg.:r;; A,vmov plate AISI 4340, e=10mm, Vo=500m/s Enectve Stress (v-m)
Contours of Effective Stress (v-m) 16576403 _
l:::.lg 14555, ot clemi 50 1480e+03 _
max=1650,67, at elem# 17400 13216403 _

1.1566403 _
9130+02
2640402
616e+02
9670402
.319e+02

1.670e402 ]

2.146e+00

Y

b

Figure 4 — Von Misses equivalent stress, time of analysis 0.03 ms — Model 1
Puc. 4 — Von Misses akeugasnieHmHoe HanpsixeHue, epems aHanusa 0.03 ms —
Moderns 1
Cniuka 4 —-Von Misses-08 ekgugasieHmHU HaroH, epeme aHanuse 0,03 ms — modes 1
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Penetration - Armor plate AISI 4340, e=10mm, Vo=500m/s
bty s Effective Stress (v-m)
Contours of Effective Stress (v-m) 1.604e+03
max IP. value

min=16.8874, at elem# 107 1400
max=1603.67, at elem# 15492 1.286e+03

1.680e+01 _|

Y

b

Figure 5 — Von Misses equivalent stress, time of analysis 0.05 ms — Model 1
Puc. 5—Von Misses akguganeHmMHoe HanpsixeHue, spemsi aHanu3a 0.05 ms — Modersnb 1
Cnuka 5 -Von Misses-08 ekgusaneHmHu HaroH, epeme aHanuse 0,05 ms — moden 1

g;\rle.tr;iggogge-aﬁrmor plate AISI 4340, e=10mm, Vo=500m/s Effective Stress (v-m)

Contours of Effective Stress (v-m) 1.614e+03
"ine14.6137, at elom# 781 . b 1e8deld
max=1613.92, at elem# 13753 3 1.204e+03 _!
11346403 _
9.742e+02 _
B.143e+02 3
a543er02 ||
49440402 _
3.345e+02
1.745e+02
1.462e+01 |

A

b

Figure 6 — Von Misses equivalent stress, time of analysis 0.07 ms — Model 1
Puc. 6 — Von Misses akeugasnieHmHoe HanpsixeHue, epems aHanusa 0.07 ms — Modess 1
Cnuka 6 —Von Misses-08 eksusasieHmMHuU HaroH, epeme aHanuse 0,07 ms — moden 1
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Penetration - Armor plate AISI 4340, e=10mm, Vo=500m/s

2okl d ~ Eftective Stress (vm)
Contours of Effective Stress v-m) 1.476e403
max IP, value

min=4.56833, at elom# 973 13200403
Max=1476.49, at elem 16721 . 1.182¢+03

1.518e+02 ]
4.568e+00

Figure 7 — Von Misses equivalent stress, time of analysis 0.1 ms — Model 1
Puc. 7 — Von Misses akguganieHmHoe HarnpsixeHue, epemsi aHanu3a 0.1 ms — Modesnb 1
Cnuka 7 — Von Misses-08 ekgugasnieHmMHu HarloH, epeme aHanuse 0,1 ms — moden 1

As it can be seen from the previous figures, for the case when the
thickness of the armor plate is 10 mm, the penetration of the projectile
occurs.

The projectile velocity after the impact and penetration is shown on
the diagram in Figure 8.

550 ?rojecnleveioclty

Y-velocity [m/s] (E+6)

Time [ms] (E-03)

Figure 8 — Velocity of the projectile in relation to time
Puc. 8- Ckopocmb cHapsida 8 3agucumMocmu om 8pemMeHU
Cnuka 8 — bp3uHa npojekmura y 3agucHocmu 00 epemMeHa

From the diagram in Figure 8, it can be seen that the projectile
perforates the armor plate after 0.03 ms. It can be noticed that the
projectile velocity decreases between 0.03 ms and 0.1 ms, for the
perforation required time. The projectile velocity after 0.1 ms is 350 m/s.
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The displacement of the armor plate after the impact and perforation
is shown on the diagram in Figure 9. The first displacements occur after
0.03 ms.

25 Displacement

- 15+ -
E
E
[
g
E' 0.5+
¥
>
[} . al .
0.5 | i |
0 0.05 01 015 0.2
Time [ms] (E-03)
Figure 9 — Displacement of the armor plate in relation to time
Puc. 9 — CmeuweHue 8 3agucumocmu om epemeHu
Cnuka 9 — lNomepare y 3agucHocmu 00 epemMeHa
Model 2

Figures 10-14 show the field of distribution of the von Misses
equivalent stress for model 2. For this case, the impact projectile velocity
was 500 m/s, the armor plate thickness 23 mm, and the simulation time
0.2 ms.

:ﬁ‘r;e:lrﬁ;]r;é%rmor plate AIS| 4340, e=23mm, Vo=500m/s Effeciive Stress (v-m)

Contours of Effective Stress (v-m) 1.000e+00
max IP. value

min=0, at elem 7253 0.000¢-01 %
max=0.0638868, at elem# 827 8.0008-01 _f

7.000e-01 _
6.0008-01 _
5.000e-01 _
4.000e-01 _|
3.000-01 _
2.000e-01

1.000e-01 :I
0.000e+00

ha

b

Figure 10 — Von Misses equivalent stress, time of analysis 0.01 ms — Model 2
Puc. 10 — Von Misses skgusanieHmHoe HarpsikeHue, spemsi aHanusa 0.01 ms — Modesb 2
Cnuka 10 — Von Misses-08 ekgugasieHmHU HaroH, epeme aHanuse 0,01 ms — modes 2
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:f“r;:ua:{?:.o-‘r‘ Armor plate AIS| 4340, e=23mm, Vo=500m/s Effective Stress (v-m)

Contours of Effective Stress (v-m) 1.560e+03
max IP. value

min=4.63885, at elem# 97 1415 °3:|
max=1569.28, at elem# 11803 1.256+03

Figure 11 — Von Misses equivalent stress, time of analysis 0.04 ms — Model 2
Puc. 11 —Von Misses skgusaneHmHoe HarpsikeHue, spemsi aHanusa 0.04 ms — Modess 2
Cnuka 11 — Von Misses-08 ekgugasieHmMHU HarloH, epeme aHanuse 0,04 ms — modesn 2

Penetration - Armor plate AISI 4340, e=23mm, Vo=500m/s

Time=  6.2e-05 Effective Stress (v-m)

Contours of Effective Stress (v-m) 1.560e+03

max IP. value

min=4.26382, at elem# 62 1.405e403 :l

max=1560.32, at elem# 11388 1.249e+03 |
1.004e+03 _

0.370e+02 _
7.823e+02
6.267€+02 ]
4711402

£
3.155e+02 _I
1.599e+02
4.264e+00

b

Figure 12 — Von Misses equivalent stress, time of analysis 0.06 ms — Model 2
Puc. 12 —Von Misses aksuganieHmHoe HarnpsixeHue, epems aHanu3a 0.06 ms — Modesns 2
Crnuka 12 — Von Misses-08 ekgaugasieHmMHU HarloH, epeme aHanuse 0,06 ms — moden 2
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l:;"r:e:ra;.l‘:]v‘;ﬁ ?rmor plate AISI 4340, e=23mm, Vo=500m/s Effective Stress (v-m)

Contours of Effective Stress (v-m) 1.468e403

max IP. value

min=11.9105, at elem# 1972 13228903,

max=1467.74, at elem# 0912 1.177e+03 |
10316403 _

8.854e+02 __
7.3980+02
5.942e+02
4870402 |

3.031e+02__
1.575e0021
1.101e+01

Figure 13 — Von Misses equivalent stress, time of analysis 0.1 ms — Model 2
Puc. 13 — Von Misses skeuganeHmHoe HarnpsixeHue, epemsi aHanu3a 0.1 ms — Modersnb 2
Cnuka 13 — Von Misses-08 ekguganeHmHU HaroH, epeme aHanuse 0,1 ms — modesn 2

Penetration - Armor plate AIS| 4340, e=23mm, Vo=500m/s

Time=  0.0002 . Effective Stress (v-m)

Contours of Effective Stress (v-m) 1.552e+03
max IP. value

min=10.985, at elem# 765 1:308e203 ]
max=1551.66, at elem# 1547 12440403

1.089+03
9.354e+02
7.813e402
6.273e+02
4.732e+02

34910002 L
1.651e+02
1.099e+01 |

. N

b

»

Figure 14 — Von Misses equivalent stress, time of analysis 0.2 ms — Model 2
Puc. 14 — Von Misses akeueaneHmHoe HarnpsxkeHue, spemsi aHanu3a 0.2 ms — Modesns 2
Cnuka 14 — Von Misses-0e ekgugasieHmMHU HarioH, epeme aHanu3e 0,2 ms — modesn 2

As it can be seen from the previous figures, for the case when the
thickness of the armor plate is 23 mm, the perforation of the projectile does
not occur.

The projectile velocity after the impact and semi-penetration is shown
on the diagram in Figure 15.
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Projectile veloci
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Y-velocity [m/s] (E+6)

100 i =

100 L } i |
0.05 01 0.15 0.2
Time [ms] (E-03)

Figure 15 — Velocity of the projectile in relation to time
Puc. 15 — Ckopocmb cHapsida e 3agucumocmu om epemeHuU
Cnuka 15 — bp3uHa npojekmuna y 3agucHocmu 00 epemMeHa

From the diagram in Figure 15, it can be seen that semi-penetration
occurs.

The displacement of the armor plate after the impact and semi-
penetration is shown on the diagram in Figure 16. The first displacements
occur after 0.03 ms. After 0.13 ms of the analysis, the maximum values of
the displacements are achieved.

Displacement
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Figure 16 — Displacement of the armor plate in relation to time
Puc. 16 — CmeweHue 8 3agucumMocmu om 8pemMeHuU
Cnuka 16 — Momeparse y 3agucHOCMU 00 epemMeHa
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Additional numerical simulations

It is of great importance to determine the maximum value of the plate
thickness at which the penetration effect occurs, as well as the minimum
value of the plate thickness at which the semi-penetration effect occurs, at
the same impact velocity.

After presenting the results obtained by the numerical simulation of
the penetration process, it is easy to conclude in which cases the projectile
has enough energy to break through obstacles of certain thicknesses. In
this case, an armor plate made of AISI 4340 alloy was used as an obstacle
and it was determined that the 12.7 mm armor projectile at an impact
velocity of 500 m/s achieves the effect of penetration on the armor plate
with a thickness of 10 mm, while in the case of an armor plate with a
thickness of 23 mm it achieves the effect of semi penetration, i.e. no
penetration occurs.

In accordance with the previously defined models, using the same
initial and boundary conditions, additional numerical simulations were
performed and on that occasion, it was determined that the penetration
effectis realized on up to 17 mm thick plates, and then the limit penetration
effect occurs.

Model 3

Figures 17-21 show the field of distribution of the von Misses
equivalent stress for model 3. For this case, the impact projectile velocity
was 500 m/s, the armor plate thickness 17 mm, and the simulation time
0.2 ms.

$Ienelratione-‘nA5rmol plate AISI 4340, e=17mm, Vo=500m/s Effective Stress (v-m)

1.000e+00

mi# 13253 2900e0%
25, at elem# 1351 8.000e-01_M
7.000e-01 _
6.000e-01 _
5.000e-01 __
4.000e-01 _
3.000e-01 __
2.000e-01
1.000e-01
0.000e+00 _|

Y

b

Figure 17 — Von Misses equivalent stress, time of analysis 0.01 ms — Model 3
Puc. 17 — Von Misses aksuganieHmMHoe HarnpsixeHue, spems aHanusa 0.01 ms — Modesnb 3
Cnuka 17 — Von Misses-08 ekgusaneHmHu HarioH, epeme aHanuse 0,01 ms — moden 3
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Penetration - Armor plate AISI 4340, e=17mm, Vo=500m/s
Time = 4.0099e-05

Contours of Effective Stress (v-m)

max IP. value

min=12.4515, at elem# 788

max=1634.76, at elem# 17413

Effective Stress (v-m)

1635403
1473403
1.310e+03_|
11486403 _
0.858e+02 _
8.236e+02 __
6.614e402 |
4.991e+02 _
3.369e+02
1.74mnz]
1.245€+01

Figure 18 — Von Misses equivalent stress, time of analysis 0.04 ms — Model 3
Puc. 18 — Von Misses akguganieHmHoe HanpsikeHue, epems aHanu3a 0.04 ms — Moderb

3

Cnuka 18 — Von Misses-08 ekgugasieHmHU HarloH, epeme aHanuse 0,04 ms — moden 3

Penetration - Armor plate AISI 4340, e=17mm, Vo=500m/s
Time = 6e-05

Contours of Effective Stress (v-m)

max IP. value

min=27.7121, at elem# 64

max=1713.4, at elem# 15310

h

b

Effective Stress (v-m)

1.713e+03
1.545e+03
1.376e+03
1.208e+03
1.039e+03
8.706e+02
7.020e+02
5.334e+02
3.648e+02
1.9532‘02]
2.771e+01

Figure 19 — Von Misses equivalent stress, time of analysis 0.06 ms — Model 3
Puc. 19 — Von Misses skgusanieHmHoe HarpsikeHue, spemsi aHanusa 0.06 ms — Modesnb 3
Cnuka 19 — Von Misses-08 ekgugasieHmHU HarloH, epeme aHanuse 0,06 ms — modesn 3
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Penetration - Armor plate AISI 4340, e=17mm, Vo=500m/s
105

Time = 0.000 Effective Stress (v-m)

Contours of Effective Stress (v-m) 1.655e+03
max IP, value
min=15.9555, at elem# 111

1.491e+03
max=1654.58, at elem# 14703 1.327e+03_|
1.163e+03 _
9991402 _
8.353e402
6.714e+02 _|
5.075e+02 _|
3.437e+02
1.798e+02 ]
1.506e+01

Figure 20 — Von Misses equivalent stress, time of analysis 0.1 ms — Model 3
Puc. 20 — Von Misses skguganieHmHoe HanpsikeHue, epems aHanu3a 0.1 ms — Modesnb 3
Cnuka 20 — Von Misses-08 ekgugarieHmMHU HarloH, epeme aHanuse 0,1 ms — modesn 3

zmezualﬂlﬂu-zmmor plate AIS| 4340, e=17mm, Vo=500rh/s Effective Stress (v-m)
Contours of Effective Stress (v-m) 1.436e+03
max IP. value

min=12.9286, at elem 60 "2““‘"3:'
max=1436, at elem? 641 11516403

1.000e403 _
8.668e+02_
7.245402
5.822+02 |
4.398e+02 _|
2.975¢+02
1.552e+02 ]
1.203e+01

b

Figure 21— Von Misses equivalent stress, time of analysis 0.2 ms — Model 3
Puc. 21 — Von Misses akeugasnieHmHoe HanpsixeHue, epems aHanusa 0.2 ms — Modesib 3
Cnuka 21 — Von Misses-08 ekguganieHmHU HaroH, epeme aHanuie 0,2 ms — moden 3

As it can be seen from the previous figures, for the case when the
thickness of the armor plate is 17 mm, the penetration of the projectile
occurs.

The projectile velocity after the impact and penetration is shown on
the diagram in Figure 22.
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Projectile velocity
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Figure 22 — Velocity of the projectile in relation to time
Puc. 22 — Ckopocmb cHapsida 8 3agucumocmu om epemeHuU
Cnuka 22 — bp3uHa npojekmura y 3agucHocmu 00 epeMeHa

From the diagram in Figure 22, it can be seen that the limit perforation
occurs after 0.03 ms. It can be noticed that the projectile velocity
decreases between 0.03 ms and 0.1 ms, for the limit perforation required
time. The velocity of projectile fragments after 0.1 ms is 140 m/s.

The displacement of the armor plate after the impact and limit
perforation is shown on the diagram in Figure 23. The first displacements
occur after 0.03 ms.
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Figure 23 — Displacement of the armor plate in relation to time
Puc. 23 — CmeuwjeHue 8 3agucumMocmu om epeMeHuU
Cnuka 23 — lNomeparse y 3agucHocmu 00 8pemMeHa
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Model 4

Figures 24-28 show the field of distribution of the von Misses
equivalent stress for model 4. For this case, the impact projectile velocity
was 500 m/s, the armor plate thickness 18 mm, and the simulation time
0.2 ms.

Penetration - Armor plate AISI 4340, e=18mm, Vo=500m/s
9e-05

Time= 1 Effective Stress (v-m)

Contours of Effective Stress (v-m) 1.000e+00

max IP. value

min=0, at elem# 13253 000804

Max=0.0627825, at elem# 1351 8.000e-01
7.000e-01

6.000e-01
5.000e-01
4.000e-01
3.000e-01
2.000e-01
1.000e-01 ]
0.000e+00

Y

b

Figure 24 — Von Misses equivalent stress, time of analysis 0.01 ms — Model 4
Puc. 24 — Von Misses akgusaneHmHoe HanpsixeHue, spemsi aHanu3a 0.01 ms — Modernb 4
Cnuka 24 — Von Misses-08 ekguganieHmMHU HarloH, epeme aHanuse 0,01 ms — moden 4

Penetration - Armor plate AISI 4340, e=18mm, Vo=500m/s Effective St
Time= 4.1e-05 fective Stress (v-m)

Contours of Effective Stress (v-m) 15086403

e 13.6097, a elem# 1690 14408403 :!
max=1598.21, at elem# 17713 12816403

11220403
9.636e+02
8.049¢+02
6.463e402
48766402
32006402
1.703e402 :I
1.169e+01

Figure 25 — Von Misses equivalent stress, time of analysis 0.04 ms — Model 4
Puc. 25— Von Misses skgusaneHmHoe HarpsipkeHue, spemsi aHanusa 0.04 ms — Moderns 4
Cnuka 25 — Von Misses-08 ekgugasieHmHU HarloH, epeme aHanuse 0,04 ms — moden 4
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:I'e“r;e:rgtglgogr;;o Aﬁrmor plate AISI 4340, e=18mm, Vo=500m/s Effective Stress (v-m)

Contours of Effective Stress (v-m) 1.599e+03
max IP. value

min=13.7901, at elem# 88 14400203
max=1598.76, at elem# 16283 1.282¢403

1123403 _

0.648e+02 __

8.063e+02 _
6.478e402_|
4.893e+02
3.308e+02
1.723e402
1.379e+01
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Figure 26 — Von Misses equivalent stress, time of analysis 0.06 ms — Model 4
Puc. 26 — Von Misses skgusaneHmHoe HarnpsikeHue, spemsi aHanu3a 0.06 ms — Moderns 4
Cnuka 26 — Von Misses-08 ekgugasieHmMHU HarloH, epeme aHanu3e 0,06 ms — modesn 4

Penetration - Armor plate AIS| 4340, e=18mm, Vo=500m/s

Time = 0.000105 Effective Stress (v-m)
Contours of Effective Stress (v-m) 1.694e+03
max IP. value

min=12.6575, at elem# 773 1.526e+03
max=1694.48, at elem# 20325 1.358e+03

1.100e+03
1.022e+03
8.536e+02
6.854e+02
5.172e+02
3.490e+02
1.808e+02 ]
1.266e+01

Y

b

Figure 27 — Von Misses equivalent stress, time of analysis 0.1 ms — Model 4
Puc. 27 — Von Misses akgugasieHmMHoe HanpsikeHue, epems aHanu3a 0.1 ms — Modersnb 4
Cnuka 27 — Von Misses-08 ekgugasieHmMHU HarloH, epeme aHanu3e 0,1 ms — moden 4
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Penetration - Armor plate AIS| 4340, e=18mm, Vo=500m/s
2

Time=  0.000; Effective Stress (v-m)

Contours of Effective Stress (v-m) 1.358e+03
max IP. value
min=5.88501, at elem# 87

1.223e+03
max=1358.2, at elem# 23907 1.088e+03
0.525e+02
8.173e+02
6.820e+02
5.468e+02
4.116e+02
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Figure 28 — Von Misses equivalent stress, time of analysis 0.2 ms — Model 4
Puc. 28— Von Misses akgugarieHmHoe HarnpsixeHue, epemsi aHanu3a 0.2 ms — Modesnb 4
Cnuka 28 — VVon Misses-0e ekgugasieHmMHU HarioH, epeme aHanu3e 0,2 ms — modesn 4

As it can be seen from the previous figures, for the case when the
thickness of the armor plate is 18 mm, the armor plate is splitting but the
penetration of the projectile does not occur.

The projectile velocity after the impact and semi penetration is shown
on the diagram in Figure 29.
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Figure 29 — Velocity of the projectile in relation to time
Puc. 29 — Ckopocmb cHapsida 8 3agucuUMOcmu 0m 8pemMeHuU
Cnuka 29 — bpsuHa npojekmuria y 3agucHocmu 00 epeMeHa
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From the diagram in Figure 29, it can be seen that semi-penetration
occurs. It can also be noticed that the 18 mm thickness of the armor plate
does not provide complete ballistic protection.

The displacement of the armor plate after the impact and semi-
penetration is shown on the diagram in Figure 30. The first displacements
occur after 0.03 ms. After 0.2 ms of the analysis, the maximum values of
the displacements are achieved.

25 Displacement

0.5

Y-displacement [mm/s]
N

o
\

05 i | i | i ‘
0 0.05 01 0.15 02

Time [ms] (E-03)

Figure 30 — Displacement of the armor plate in relation to time
Puc. 30 — CmelweHue 8 3agucumMocmu om epemMeHu
Cnuka 30 — Nomeparse y 3agucHocmu 00 8pemMeHa

Conclusion

Armored projectiles are intended to destroy armored targets. They
penetrate armor plates thanks to enormous kinetic energy they have at the
moment of collision with an obstacle and the great endurance of their body.
Impact modeling for armor obstacles is very complex, extensive, and
demanding, and the formed models in a very successful way approximate
the real problem of projectile penetration.

It was determined that dynamic phenomena that occur during the
process of ballistic penetration largely depend on deformation, strain rate,
temperature, and pressure. In order to describe these phenomena in a
correct way, it is necessary to define the models of material behavior. The
Johnson-Cook material model and the material damage model proved to
be the most suitable models for this study.

In this paper, a numerical simulation of the process of a 12.7 mm
projectile penetration into armored plates of different thicknesses made of
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AISI 4340 alloy was performed. In all 4 models, there is a contact between
the bullet and the armor plate after 0.03 ms of the analysis. It is clear that
when the thickness of the armor plate is 10 mm, there is perforation, and
when the armor plate is 23 mm thick, there is semi-penetration.

In models 1 and 3, the armor plate destruction occurs. The velocity of
the bullet after perforation through the armored plate in model 1 is 350 m/s,
while in model 3 the velocity of the bullet fragments is 140 m/s.

In models 2 and 4, there is no destruction of the armored plate. In
model 2, the semi-penetration of the bullet is after 0.13 ms, and in model
4 after 0.2 ms.

In all 4 models, the first displacements occur after 0.03 ms of the
analysis.

However, what was also very important in this paper is to determine
the limit values of the thickness of obstacles/armor plates in which
penetration occurs.

The semi thickness of the armor plate at which the limit penetration
occurs is 18mm. With a thickness of 23 mm, the armor plate deforms but
withstands the impact of projectiles without splitting, which provides
complete ballistic protection.
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r. Kparyesau, Pecny6nuka Cepbus

6 BoeHHO-TeXHUYecKnit UHCTUTYT, . Benrpaa, Pecny6nvika Cep6us

8 AreHTCTBO MO UCNbITaHWUsSM, MapKMPOBKE M 0B03HAYEHMIO OPYXUSI, YCTPOUCTB
n 6oenpwunacos, r. Kparyesau, Pecnybnuka Cepbus
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PYBEPUKA TPHTW: 78.25.00 Boopy>xeHne n BoeHHas TEXHMKa
BWO CTATbW: opurmHanbHas Hay4Has cTaTtbs

Pesome:

BeedeHue/uenb: B daHHOU cmambe npedcmassieHo YUC/IeHHOe
modenuposaHue ylapa cHapsida 12,7-mm o bpoHenucmy co
ckopocmbo 500 wm/c Ha paccmosiHuu 900 M.  YucrneHHoe
ModenuposaHuUe [10380715em 3HaYyUMeslbHO COKpamumb  8PeMs,
Heobxodumoe Orisi MOoSlyYeHUs pe3ysibmamos, M0 CPasHEeHUK CO
spemMeHeM, HeobxoOuMbIM Ofi1 MIaHUpPO8aHUsl, oOpeaaHu3auuu Uu
rnposedeHust 3KCrepuUMeHmos. YucneHHoe modenuposaHue
rpoeodusiocb Ha naacmuHax pasHol MOAWUHbl, UX MonawuHa
cocmasnsna: 10 mm, 17 mm, 18 Mm u 23 MM. YIoMsHymbie MOAUUHbI
bpoHenucma  6biu  8blbpaHbl HAa  OCHOBAHUU  [10JTyYEeHHbIX
pe3ynbmamog ¢ uesnbto onpedesieHUs npedesibHOU  MOSULUHBI
bpoHesnucma u bpoHernpobusaemocmu cHapsida, a makxe 0715l NOfIHoU
bannucmuyeckol 3auumesil.

Memodkl: KoHe4yHo-anemeHmHoe modenuposaHue ucronsb3yemcsi 0nsi
aHanusa HanpsixeHul u deghopmauuli 6poHUPOBaAHHbLIX M1acmuH rpu
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npobumuu cHapsi0oM. YrnoMsiHymbil Memod ebiducrisiem ydap cHapsioa
0 npensmcmeue, a UMEHHO CMOJIKHO8eHUEe cHapsida ¢ 6POHENUCMOM.

Pesynbmamsl: [ cpasHUMENbHO20 aHanu3a Ucrosib308asuch
napamempsl, npedcmasnsowue 3Ha4YeHUs! HanpPsKEHUsT U CMeWeHUs.
Ana  kax0ol u3 eblWeynoMsiHymbiX MOSUWUH 6pOHUPO8aHHOU
cmarnbHOU nnacmuHbl 6binu onpedesnieHbl 3HaYeHUs] HamnpsbkeHud u
cmeuweHull npu ydape cHapsida. Pe3ynbmambl 0aHHO20 uccriedo8aHusi
rokasbiearom, Kak  monwuHa  6poHenucma — enusem  Ha
83aumodelicmeue cHapsida u bpoHesoU Numal.

Bbigodbl:  Ecnu  ¢pusudeckue U XUMUYECKUE  Xapakmepucmuku
6poHENIUMbI  OCMAarmecsl HEUSMEHHbIMU, MO M0 Mepe yeenudyeHust
monujuHbl  6pOoHenIUMbI  8ePOSIMHOCMb  NPObuMuUsl  CHapsiooM
ymeHblwaemcs, U Haobopom. [aHHoe uccriedosaHue umeem 0cobyro
3Ha4YUMOCMb, [1OCKO/IbKY 8 HeM aHasu3upyromces HanpskeHuss U
Gegbopmayuu 6pPOHENUCMO8, OCHOBHOU pPOJIbIO KOMOPbIX S6/1semcs
3awjuma Jlu4Ho20 cocmasa U obopydoeaHusi Om  MPOHUKHOBEHUS
cHapsida. B ces3u ¢ amum onpedenisemcess monuwuHa bpoHenucma ons
npedomepalyeHusi npobumusi cHapssoom.

Knoyeebie cnoea: 6poHenucm, cHapsid, ydap, mMemod KOHEeYHbIX
3/1eMeHmMos.

HYMEPWYKA AHATI3A ®POHTAIHOTI YOAPA MNMPOJEKTUIIA
12,7 mm Y NAHLUWPHY MNNIO4yY

Munow C. Mewwuh?a, ayTop 3a npenucky, AnexkcaHopa b. XXuskosuhb,
Anekca . AHnuuh®, flazap J. bnarojeBuh',
lMemxko M. bonues?, Npedpaz P. MNMaHToBMA'

a¥YHusepsuteT y Kparyjesuy, MHCTUTYT 3a nHdopmaumnoHe TexHonoruje -
HauuonanHu nHctutyt Penybnuke Cpbuje, Kparyjesau, Pebynuka Cpbuja

6 BojHoTexHuuku MHCTUTYT, Beorpaa, Peny6nuvka Cp6uja

B AreHuuja 3a ucnutmBame, Xurocawe n obenexaBare opyxja, Hanpasa u
mMyHuumje, Kparyjesau, Penybnuka Cpbuja

"YHuBepauTeT y Kparyjesuy, ®akynteT UHXeHepCcKMX Hayka,
KparyjeBau, Peny6nuka Cpbuja

A Byrapcku MHCTUTYT oabpaHe ,lMpodecop LiBeTaH Jlasapos”,
Codouja, Penybnuka Byrapcka

OBJIACT: MaLUMHCKO MHXEeHepPCTBO, Matepujanu
KATETOPWUJA (TUM) YJTAHKA: opurnHanHm HayyYHu pag,

Caxemakx:

Y800: Y osom pady npedcmaerbeHa je Hymepuyka cumynauuja ydapa
npojekmuna 12,7 mm y naHuyupHy nnody 6p3uHom od 500 m/s Ha
pacmojarby 00 900 m. Hymepuyke cumynauuje Hyde moayhHocm
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OpacmuyHo2 cMaH-eHb-a 8peMeHa rnompebHoe 3a dobujar-e pe3ysimama y
rnopehersy ca spemMeHOM rompebHUM 3a nnaHupare, opaaHusauyujy u
useoheme ekcriepumeHama. Hymepudka cumynauyuja je ypafjeHa 3a
pasnuyume debrbuHe rnnoya: 10 mm, 17 mm, 18 mm u 23 mm. lNomeHyme
OebrbuHe naHUUpHUX rroYya usabpaHe cy Ha OCHO8Y pe3dynmama, a padu
odpehuearba epaHu4yHe OebrbuHe naHyupHe roYye 3a podop
rpojekmurna, Kkao u 3a nomryHy banucmudky 3awmumy.

Memode: Memoda koHauyHux enemeHama rpuMerbeHa je Kako 6u ce
aHarnu3aupanu HaroHu u deghopmayuje naHUUpHUX rioya rnpuiukom yoapa
npojekmuna. Nomohy HasedeHe memode padyyHa ce ydap rnpojekmusa y
npenpeky, 0OHOCHO Konu3uja npojekmuria u naHyupHe rove.

Pesynmamu: 3a ynopedHy aHanu3dy kopuwheHu cy napamempu:
8pedHOCM HarloHa U aricoslymHoa romeparba. 3a ceaky 00 HageOeHUX
OebrbuHa naHyupHe MemariHe rro4e odpeheHe cy epedHocmu HaroHa u
aricosiymHoe rnomeparba npu ydapy npojekmurna. Pe3ynmamu oeoe
ucmpaxuearba rokasyjy Kako 0ebrbuHa rnao4ye ymudye Ha uHmepakuujy
ripojekmuria u naHyupHe roqe.

Sakrbyyak: YKOMUKO (DU3UYKO-XeMUJCKe KapaKmepucmuke naHyupHe
ryio4e ocmaHy HerpoMereHe, ca noseharsem 0ebrbuHe naHyupHe rnioye
cmamsyje ce mMmoeyhHocm npoboja npojekmuna, u obpHymo. 0Oeo
ucmpaxuear-e je 00 CywmuHCKO2 3Hauaja, jep aHanuaupa HarioHe U
degbopmayuje naHYUPHUX Mrioda, 4Yuja je OCHoeHa HaMeHa 3awmuma
spydcmea u onpeme 00 dejcmeaa npojekmuria. C mum y ee3u, odpefjeHa je
OebrbuUHa naHyupHe rso4ve 3a 3a0op npojekmurna.

KrbyyHe peyu: naHyupHa nmoya, rnpojekmurn, ydap, Memoda KOHaqyHUX
efemMeHama.
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Abstract:

Introduction/purpose: In this paper, probability based multi — objective
optimization (PMQOO) is employed to objectively study the optimization
problems of the drug encapsulation of water-soluble chitosan (WSC) / poly
— gama - glutamic acid (y-PGA) - tanshinone IIA (TA) with a response
surface design and glycerosome - triptolide with an orthogonal
experimental design.

Methods: In PMOO, a concept of preferable probability has been
introduced to describe a preference degree of the performance utility.
Each beneficial and unbeneficial utility index contributes a partial
preferable probability in a linear manner, positively and negatively,
respectively and all the performance utility indicators are simultaneously
and equally treated. The total preferable probability of a candidate is the
product of all partial preferable probabilities, which thus transfers a multi-
objective problem into a single-objective one.

Results: 1. The optimal encapsulation of WSC / »-PGA - TA is for WSC of
5.755 mg-ml™', TA of 1.0275 mg-mi~",when the ratio of TA to the carrier
material is 1: 4.9, and the reaction time is 1.302h. 2. The optimal
preparation conditions of glycerosomes — friptolide are a glycerol
concentration of 20%, the phospholipid to cholesterol mass ratio of 30:1
and the phospholipid to triptolide mass ratio of 5:1.
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Conclusion: The results show the applicability of PMOO in the
optimization of encapsulation composites with designed tests.

Key words: probability theory, multi-objective optimization, preferable
probability, test design, drug encapsulation.

Introduction

Currently, probability based multi — objective optimization (PMOOQO)
has been proposed from the viewpoint of probability theory (Zheng et al,
2021). A concept of preferable probability has been introduced to
describe a preference degree of the performance utility where each
beneficial and unbeneficial utility index contributes a partial preferable
probability in a linear manner, positively and negatively, respectively. All
the performance utility indicators are simultaneously and equally treated
and the total preferable probability of a candidate is the product of all
partial preferable probabilities, which thus transfers a multi-objective
problem into a single-objective one. PMOO attempts to solve the intrinsic
problems of artificial factors in other previous multi — objective
optimizations. The new multi — objective optimization method was
successfully extended to material selection applications with the multi —
objective orthogonal test design method (OTDM), the response surface
methodology (RSM) and the uniform test design method (UTDM) as well
(Zheng et al, 2021; Zheng et al, 2022a; Zheng et al, 2022b).

Most actual optimality problems in the medical field are multi -
objective optimization problems (MOOP). The main feature of multi -
objective optimal problems is the contradiction and non - commutability
between attributes, but they need to be optimized simultaneously

(Mandal et al, 2018; Mirjalili & Dong, 2020; Mankowski & Moshkov, 2021).

Besides, there is no uniform metric between theses attributes in general;
therefore, they cannot be compared directly. The previous approaches
give a set of optimal solutions, called the non-inferior solution set, such
as the commonly used Pareto solution set. Take the preparation of a
drug encapsulation composite with biopolymer as an example - it is
necessary to consider the encapsulation efficiency and the drug loading
efficiency to be optimal objectives at the same time (Yu et al, 2020). On
the other hand, in the research of Chinese herbal compound drugs, the
dose-effect relationship of Chinese herbal compound has non-linear
characteristics - there may be differences in the efficacy of different
doses of prescriptions, and the efficacy of Chinese herbal medicines has
multiple paths, points, and multiple targets. The selection of different
efficacy indicators and index weights, the ratio of the components of the
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compound and the interaction mechanism between the components are
also different. Therefore, it is necessary to seek a proper combination of
drugs that can improve the efficacy of the compound and maximize the
dose of multiple efficacy indicators (Chen et al, 2021; Wu et al, 2013;
Song et al, 1992).

Since probability based multi — objective optimization (PMOO) was
proposed from the viewpoint of probability theory, which has the
advantages of excluding inherent problems of artificial factors in other
multi — objective optimizations, it has had successful applications in many
practical examples. In this paper, PMOO is used to objectively perform
the overall optimal preparation of the drug encapsulation of water-soluble
chitosan/poly — gama - glutamic acid - tanshinone IIA with a response
surface design and glycerosome - triptolide with an orthogonal
experimental design, so as to open a new application field.

Principle and Method of Probability Based Multi —
Objective Optimization (PMOO)

In PMOO (Zheng et al, 2021), all indices of the performance utility of
candidates are divided into both beneficial or unbeneficial types
according to the practical requirement or preference preliminarily; a
beneficial utility index contributes a partial preferable probability in a
linear manner positively, i.e.,

P’] = %Ul]! I = 172;---5 n’./ = 172""’ m. (1)

In Eq. (1), Uj is the j performance utility index of the it" candidate
scheme; Pj represents the partial preferable probability of the beneficial
performance utility indicator Uy, n is the total number of candidate
schemes in the scheme group involved; m is the total number of
performance utility indicators of each candidate scheme in the group; and
7 is the normalized factor of the j" performance indicator.

Furthermore, according to the general principle in probability theory
(Zheng et al, 2021), the normalization of partial preferable probability P;
for the index i in the j performance indicator leads to the following result
naturally

I‘”

V= (2)

<

nv;,
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Uj is the arithmetic mean value of the j performance indicator in the

scheme group involved.
Similarly, an unbeneficial utility index contributes a partial
preferable probability in a linear manner negatively, i.e.,

Pj =1j(Uimax + Ujmin - Uy), i = 1,2,...,n;j=1,2, ..., m. (3)

In Eq. (3), Umax and Umin represent the maximum and minimum
values of the performance utility index U; in the /1 group, respectively.
Furthermore, the normalized factor 7, of the /" group of performance
indicator is

1
[n(Ujmin +Ujmax) _nt]

Moreover, according to probability theory (Zheng et al, 2021), the

total / comprehensive preferable probability of the " candidate scheme is

the product of its partial preferable probability P; of each performance
utility indicator in the optimization, i.e.,

m
F=F,-B, b, :HPz'j. (5)
Jj=1

Thus, by using the total preferable probability of a candidate
alternative being the product of all partial preferable probabilities, it
naturally transfers a multi-objective problem into a single-objective one.

The total preferable probability P; of a candidate is the unique
decisive index in the competitive optimization process. The main
characteristic of PMOO is that the treatment for both the beneficial
performance utility index and the unbeneficial performance utility index is
equal without any artificial or subjective scaling factors and the
requirements of simultaneous optimization for multi - objectives are met
from the viewpoint of probability theory.

n; 4)

Applications in Drug Encapsulation with a Designed
Experiment

Optimal preparation of drug encapsulation has been one of
important issues in recent years. In this paper, the optimization problems
of water-soluble chitosan / poly — gama - glutamic acid - tanshinone IIA
with a response surface design and glycerosome - triptolide with an
orthogonal experimental design are restudied by employing PMOO
objectively.
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1) Application of PMOO in the optimal preparation of the
encapsulation composite of water-soluble chitosan / poly - gama -
glutamic acid - tanshinone IIA with a response surface design

Yu et al (2020) conducted the optimal preparation of the
encapsulation composite of water-soluble chitosan/poly-gama-glutamic
acid - tanshinone IIA with a response surface design, based on the
traditional treatment of a response surface design with the "additive"
algorithm muilti - attribute utility theory. As it was pointed in (Zheng et al,
2021), there exist intrinsic problems of artificial and subjective factors in
the "additive" algorithm of the previous multi-attribute utility theory (Zheng
et al, 2021). Here, the optimal preparation of the encapsulation
composite of water-soluble chitosan / poly — gama - glutamic acid -
tanshinone IIA with a response surface design is reanalyzed by PMOO
once more.

Table 1 cited the analysis results of utility in the optimal preparation
of the encapsulation composite of water-soluble chitosan (WSC) / poly-
gama-glutamic acid (y-PGA) - tanshinone IIA (TA) with a response
surface design (Yu et al, 2020). The input variables include xs, x2, X3 and
X4, in which x7 is the WSC concentration (mg-ml™'), x> represents the TA
concentration (mg-ml™), x3 is the ratio of TA to the carrier material (in
weight), and x4 indicates the reaction time (h). The encapsulation
efficiency Ye and the drug loading efficiency Y. are the optimal objectives,
which belong to the beneficial type index. Table 2 shows the evaluation
results for the preferable probability in the spirit of a response surface
design.

Table 2 indicates that experiments 2 and 25 are the appropriate
schemes with the highest total partial probability for the preparation of the
encapsulation composite of water-soluble chitosan / poly-gama-glutamic
acid - tanshinone IIA with a response surface design comparatively.

Furthermore, the regression of the data in Table 2 can be used to
conduct profound optimization. Eq. (6) is the regressed formula of the
total preferable probability P; vs the input variables, x1, x2, x3, and x4.

Pix103= 1.9644 - 0.1787x1+0.0254x2 - 7.2x10°x3+0.1717x4 - 0.4411x4? -
0.7445x2? -0.5602x3° -0.1494x4? +0.3381 x1x3 -0.0329x1x4 - 0.0172x2x3 +
0.0913x2x4+0.0443x3x4

R? = 0.8620. (6)
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Table 1 — Details of the Box-Behnken test design and the results

Tabnuya 1 — NoOpobHas uHgopMayus o KOHCmpyKyuu mecma bokca-beHkeHa u
pesynbmamax

Tabena 1 - [Hemarbu mecma Box-Behnken du3ajHa u wezosu pe3ynmamu

Test i lx |xs | xa En.cz.apsulation Drgg loading
No. efficiency Ye (%) efficiency Yc¢ (%)
1 1 0 1 1 79.31 5.25
2 0 |0 (0 |O 93.25 11.22
3 0 |0 |0 |O 94.31 9.92
4 0 |0 |[-1]1 85.22 6.38
5 0 1 1 0 72.51 4.38
6 0o (0 |-1]-1 75.87 5.18
7 1 0 |0 -1 84.56 6.97
8 0 |0 [0 |O 90.34 10.09
9 0 [-1|0 1 85.69 6.38
10 1 1 0 |0 79.84 6.39
11 0 |0 1 1 87.21 7.89
12 -1]10 |0 -1 92.80 8.73
13 1 0 |0 1 89.96 6.34
14 0 |0 1 -1 79.65 6.05
15 0 [-1|0 -1 80.79 5.08
16 -1 11 0 |0 66.73 3.96
17 0 1 0 -1 78.62 4.26
18 -11]0 1 0 76.97 6.32
19 -110 |0 1 90.73 9.58
20 0 |-1|1 0 78.22 4.73
21 1 0O |-1|0 78.34 6.21
22 1 0 |0 |O 84.97 5.07
23 -1|1-1]0 |0 84.46 6.01
24 0 |-1|0 |O 83.36 6.32
25 0 [0 |O 1 95.02 11.03
26 0 |-1|-1]0 80.33 4.98
27 0 1 -11]0 70.67 5.38
28 0 |0 [0 |O 92.73 9.89
29 -110 |-11]0 80.39 6.54
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Table 2 — Evaluation results of the preferable probability of utility in the preparation of the
encapsulation composite of WSC / »-PGA-TA in the spirit of a response surface design

Tabnuya 2 — Pe3ynbmamabi oueHKU fpednoYymumeribHol 8epOsSIMHOCMU nosie3Hocmu
npu npueomoesnieHuu eepmemusupyrowe2o komrnosuma WSC / -PGA-TA e dyxe
KOHCMPYKUUU 10BEPXHOCMU OMKITUKa

Tabena 2 — Pe3aynmamu esarlyayuje rnoxesbHe eeposamHyohe KopucHocmu y npurnpemu
komrnosuma WSC / »-PGA-TA 3a eHkarcynayujy y ckrady ca Ou3ajHoM rnospuiuHe

odzosopa
Test Partial prefe_rab/e Total prefc'a(ab/e
No probability probability
) Pe Pc Pix10°
1 0.0329 0.0267 0.8781
2 0.0386 0.0571 2.2064
3 0.0391 0.0505 1.9729
4 0.0353 0.0325 1.1466
5 0.0301 0.0223 0.6698
6 0.0314 0.0264 0.8288
7 0.0350 0.0355 1.2429
8 0.0374 0.0513 1.9223
9 0.0355 0.0325 1.1529
10 0.0331 0.0325 1.0759
11 0.0361 0.0401 1.4511
12 0.0385 0.0444 1.7085
13 0.0373 0.0323 1.2028
14 0.0330 0.0308 1.0162
15 0.0335 0.0258 0.8655
16 0.0277 0.0202 0.5573
17 0.0326 0.0217 0.7063
18 | 0.03190 | 0.0322 1.0258
19 0.0376 0.0487 1.8330
20 0.0324 0.0241 0.7802
21 0.0325 0.0316 1.0259
22 0.0352 0.0258 0.9085
23 0.0350 0.0306 1.0705
24 0.0345 0.0322 1.1110
25 0.0394 0.0561 2.2102
26 0.0333 0.0253 0.8436
27 0.0293 0.0274 0.8018
28 0.0384 0.0503 1.9340
29 0.0333 0.0333 1.1087
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The total preferable probability P: gets its maximum Pimaxx10°
2.0394 at x; = 5.755 mg-ml™", x2 = 1.0275 mg-ml™", x3 = 1: 4.9, and x4
1.302 h.

Simultaneously, the encapsulation efficiency Ye (%) and the drug
loading efficiency Y. (%) of the preparation can be fitted, and are given as
follows

Ye = 92.4514 - 0.8660x+ - 2.6375x2 + 0.1389x3 + 2.2449x4 - 4.8949x+2 -
10.3491x2% - 8.7025x%32 - 0.1760x4% + 6.1970x1X3 +0.7516X1X4 +0.9875x2X3
- 0.6621x2x4- 0.6855x3x4

R2 = 0.9060. 7)

Ye gets its optimal Yeop: = 93.43% at x; = 5.755 mg-ml™', x> = 1.0275
mg-ml™, x3 = 1: 4.9, and x4 = 1.302 h.

Ye (%) = 10.0612 - 0.8559x1 + 0.2232x2 - 0.0247x3 + 0.7516x4 - 1.9370x42
-3.3194x22 - 2.3077x32% - 0.7432x42 + 1.5714x1%3 - 0.2467%1X4 - 0.1875x%2x3
+ 0.4711x2x4 + 0.2385x3%4

R? =0.8420. (8)

Y. gets its optimal Yecopr = 10.40% at x1 = 5.755 mg-ml™', x> = 1.0275
mg-ml™', xs = 1: 4.9, and x4 = 1.302 h.

The predicted values for Y. and Y: are close to the averaged
encapsulation efficiency and the drug loading average, so their values of
the tested encapsulated composite were 91.89% and 10.29%,
respectively (Yu et al, 2020). This indicates that this is a reasonable
method for the optimal conditions of an encapsulation composite with a
response surface design.

2) Application of PMOO in the optimal preparation of the
encapsulation composite of glycerosomes — triptolide with an orthogonal
experimental design

Zhu et al (2022) conducted optimizing glycerosome formulations via
an orthogonal experimental design to enhance transdermal triptolide
delivery. The entrapment efficiency (EE) of the nanocarriers and the drug
loading (DL) are taken as evaluated attribute indexes. The glycerol
concentration (A, %), the phospholipid to cholesterol mass ratio (B, m/m)
and the phospholipid to triptolide mass ratio (C, m/m) were set as
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independent variables with three levels of A (10, 20, 30 %), B (10:1, 20:1,
30:1 m/m) and C (5:1, 15:1, 30:1 m/m). Thereafter, the three-level
orthogonal table [L9(3%)] was employed in the study.

Here, the optimal preparation of the encapsulation composite of
glycerosomes — triptolide with an orthogonal experimental design is
restudied by PMOO again. Table 3 cited the experimental arrangement
and the results based on the L9(3*) orthogonal design (Zhu et al, 2022).

The encapsulation efficiency and the drug loading efficiency belong to
the beneficial type index. Table 4 shows the evaluation results of the
preferable probability of the experimental data; Table 5 represents the
evaluation results of the range analysis for total preferable probability.

From Table 5, the optimal composite is C1A2B3, which is the same
as the first glanced rank 1 of test No. 6 in Table 4 luckily.

Table 3 — Experimental arrangement and the results based on the L9(34) orthogonal
design

Tabnuya 3 — OkcriepumMeHmMarnbHas cxema U pesyrbmambl, OCHO8aHHbIE Ha
opmozoHarnbHoU KoHcmpykuyuu L9(34)

Tabena 3 — YpeheHocm ekcriepumeHma u pe3ynmamu 3acHo8aHU Ha OpMO20HaTHOM

OusajHy J19(34)
Test |A|B | C EE (%) | DL (%)
No.
1 111 [1 65.67 15.41
2 112 |2 61.87 5.97
3 113 |3 55.79 3.12
4 2 1112 65.56 5.71
5 212 1|3 54.64 3.07
6 2 |13 |1 77.40 16.19
7 31113 43.25 2.93
8 312 |1 67.37 15.97
9 313 |2 54.85 6.06
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Table 4 — Evaluation results of the preferable probability of the experimental data
Tabnuya 4 — Pe3ynbmambl OUyeHKU rnpednoYymumeribHoU 8eposimHocmu
aKcrepumeHmarsibHbIX OaHHbIX
Tabena 4 — Pe3ynmamu esariyayuje rnoxesbHe eeposamHohe ekcriepumMeHmarnnHux

rnodamaka
L?t Partial pr_eferab/e ;?;Zl a? brl%f/rzgf
probability rank
EE DL Pix102 Rank
1 0.1202 0.2070 2.4883 3
2 0.1132 0.0802 0.9082 5
3 0.1021 0.0419 0.4280 7
4 0.1200 0.0767 0.9205 4
5 0.1000 0.0412 0.4125 8
6 0.1417 0.2175 3.0813 1
7 0.0792 0.0394 0.3116 9
8 0.1233 0.2146 2.6455 2
9 0.1004 0.0814 0.8173 6

Table 5 — Evaluation results of the range analysis for total preferable probability
Tabnuua 5 — Pe3ynbmambl OUeHKU aHanu3a duana3oHa rnpednoymumersibHoU
8eposimHocmu
Tabena 5 — Pe3aynmamu esarlyayuje aHanu3e paHaupara 3a MoxesbHy eeposamHohy

Level A B C

1 1.2749 1.2401 2.7384

2 1.4714 1.3221 0.8820

3 1.2581 1.4422 0.3840

Range 0.2133 0.2021 2.3544

Order 2 3 1
Discussion

Since many problems involved in drug research are multi-objective
optimization ones such as encapsulation efficiency and drug loading
efficiency being optimal objectives in the preparation of drug
encapsulation composites with biopolymer, it is necessary to reach the
optimal status at the same time. In the investigation of Chinese herbal
compound drugs, the dose-effect relationship of Chinese herbal
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compounds has non-linear characteristics, and there may be differences
in the efficacy of different doses of prescriptions. Furthermore, the
efficacy of Chinese herbal medicines has multiple paths, points, and
multiple targets. The PMOO method attempted to deal with the problem
of simultaneous optimization of multiple objectives and to exclude the
intrinsic problems of previous optimization methods due to subjective
factors, so it might be an appropriate assessment for drug research.

The above results indicate that probability based multi-objective
optimization is applicable in the preparation of encapsulation composites
with a designed test.

Conclusion

The newly developed probability based multi-objective optimization
method has been successfully applied for the appropriate optimal
preparation of the drug encapsulation composite with a designed test,
which includes the water-soluble chitosan / poly - gama - glutamic acid -
tanshinone [IA with a response surface design and glycerosome -
triptolide with an orthogonal experimental design. The main features of
the new probability theory are: the treatment for both the beneficial
performance utility index and the unbeneficial performance utility index
being equal and simultaneous; no artificial or subjective scaling factors
involved in the assessment process; and fulfiling the requirements of
simultaneous optimization for a multi — objective problem from the
viewpoint of probability theory. The potential future direction for the
application of the probability theory based multi-objective optimization
method is to explore more cases with complexity.

References

Chen, M., Lu, X., Zhu, Q., et al. all authors 2021. Evaluation of common
chemotherapy regimens in advanced non-small cell lung adenocarcinoma based
on multi-attribute utility theory. Chinese Journal of Drug Application and
Monitoring, 18(1-4) [online]. Available at:
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST
2021&filename=YWYY202101002&uniplatform=NZKPT&v=bxMFiGTbK1mKIUP
OMDS8CABdj_4W49A0sAMRObBe8QhpzpDFJjv_sLg5Z-owj3pLW [Accessed: 20
May 2022].

Mandal, J.K.,, Mukhopadhyay, S., Dutta, P. 2018. Multi-Objective
Optimization. Evolutionary to Hybrid Framework. Springer Nature Singapore.
Available at: https://doi.org/10.1007/978-981-13-1471-1.

934



https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2021&filename=YWYY202101002&uniplatform=NZKPT&v=bxMFiGTbK1mKlUPOMD8CABdj_4W49AosAMR0bBe8QhpzpDFJjv_sLq5Z-owj3pLW
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2021&filename=YWYY202101002&uniplatform=NZKPT&v=bxMFiGTbK1mKlUPOMD8CABdj_4W49AosAMR0bBe8QhpzpDFJjv_sLq5Z-owj3pLW
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2021&filename=YWYY202101002&uniplatform=NZKPT&v=bxMFiGTbK1mKlUPOMD8CABdj_4W49AosAMR0bBe8QhpzpDFJjv_sLq5Z-owj3pLW

Mankowski, M. & Moshkov, M. 2021. Dynamic Programming Multi-Objective
Combinatorial Optimization. Springer Nature Switzerland AG. Available at:
https://doi.org/10.1007/978-3-030-63920-4.

Mirjalili, S. & Dong, J.S. 2020. Multi-Objective Optimization using Artificial
Intelligence Techniques. Springer Nature Switzerland AG. Available at:
https://doi.org/10.1007/978-3-030-24835-2.

Song, Z., Feng, D., Xu J. & Bi, K. 1992. Study on the compatibility and
therapeutical basis of composite herbal medicines of Lingguishugan Decoction.
Chinese  Traditional = Patent Medicine, 12 [online]. Available at:
https://pesquisa.bvsalud.org/portal/resource/pt/wpr-681963?lang=en [Accessed:
20 May 2022].

Wu, X., Li, F. & Liu, C. 2013. Multi-objective Optimize Based on
Nondominated Sorting Genetic Algorithm - Uniform multi-objective optimization
of extraction conditions of drug application. Chinese Journal of Health Statistics,
30, pp.177-181. Available at: https://t.cnki.net/kecms/detail?v=A52pXWg201CVo-
Bo_keKquLNBjXQW5azyK-dnK-Tg2yMGDd8AG1A-
thCUodt_QLVWFdF3kinUwKylaDkGQqZNDnqC2ILF9k4s732XQL04VS_cgxPny
70yw==&uniplatform=NZKPT [Accessed: 20 May 2022].

Yu, J., Wu, N., Zheng, X. & Zheng, M. 2020. Preparation of water-soluble
chitosan/poly-gama-glutamic acid—tanshinone IIA encapsulation composite and
its in vitro/in vivo drug release properties. Biomedical Physics & Engineering
Express, 6(4), art.number:045020. Available at: https://doi.org/10.1088/2057-
1976/ab9ab2.

Zheng, M., Wang, Y. & Teng, H. 2021. A New "Intersection" Method for
Multi-Objective Optimization in Material Selection. Tehni¢ki glasnik, 15(4),
pp.562-568. Available at: https://doi.org/10.31803/tg-20210901142449.

Zheng, M., Wang, Y. & Teng H. 2022a. A novel method based on probability
theory for simultaneous optimization of multi - object orthogonal test design in
material engineering. Kovove Materialy/Metallic Materials, 60(1), pp.45-53.
Available at: https://doi.org/10.31577/km.2022.1.45.

Zheng, M., Wang, Y. & Teng, H. 2022b. Hybrid of “Intersection” Algorithm
for Multi - Objective Optimization with Response Surface Methodology and its
Application. Tehnicki glasnik, 16(4). Available at: https://doi.org/10.31803/tg-
20210930051227 (in press).

Zhu, C., Zhang, Y., Wu, T., He, Z., Guo, T. & Feng, N. 2022. Optimizing
glycerosome formulations via an orthogonal experimental design to enhance
transdermal triptolide delivery. Acta Pharmaceutica, 72(1), pp.135-146 [online].
Available at: https://acta.pharmaceutica.farmaceut.org/wp-
content/uploads/2021/08/13522.pdf [Accessed 20 May 2022].

935

Yu, J. et al, Application of probability based multi - objective optimization in the preparation of drug encapsulation with a designed experiment, pp.924-938


https://pesquisa.bvsalud.org/portal/resource/pt/wpr-681963?lang=en
https://t.cnki.net/kcms/detail?v=A52pXWg201CVo-Bo_keKquLNBjXQW5azyK-dnK-Tg2yMGDd8AG1A-thCUodt_QLVWFdF3kinUwKyIaDkGQqZNDnqC2lLF9k4s732XQLo4VS_cgxPny7Oyw==&uniplatform=NZKPT
https://t.cnki.net/kcms/detail?v=A52pXWg201CVo-Bo_keKquLNBjXQW5azyK-dnK-Tg2yMGDd8AG1A-thCUodt_QLVWFdF3kinUwKyIaDkGQqZNDnqC2lLF9k4s732XQLo4VS_cgxPny7Oyw==&uniplatform=NZKPT
https://t.cnki.net/kcms/detail?v=A52pXWg201CVo-Bo_keKquLNBjXQW5azyK-dnK-Tg2yMGDd8AG1A-thCUodt_QLVWFdF3kinUwKyIaDkGQqZNDnqC2lLF9k4s732XQLo4VS_cgxPny7Oyw==&uniplatform=NZKPT
https://t.cnki.net/kcms/detail?v=A52pXWg201CVo-Bo_keKquLNBjXQW5azyK-dnK-Tg2yMGDd8AG1A-thCUodt_QLVWFdF3kinUwKyIaDkGQqZNDnqC2lLF9k4s732XQLo4VS_cgxPny7Oyw==&uniplatform=NZKPT
https://www.researchgate.net/journal/Kovove-Materialy-0023-432X
http://dx.doi.org/10.31577/km.2022.1.45

#+ VOINOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2022, Vol. 70, Issue 4

NMPUMEHEHWE MHOIOKPUTEPUANBHOW ONMTUMN3ALNN,
OCHOBAHHOM HA BEPOATHOCTW, NPV NOArOTOBKE
VMHKAMNCYNAUUMN NEKAPCTBEHHbBIX CPEAOCTB C MNMOMOLLBIO
CMNPOEKTUPOBAHHOIO SKCMNEPUMEHTA

[Dxu Mo?, MaoweHz YxaHb

CeBepo-3anagHblil NONUTEXHUYECKUI YHUBEPCUTET,
r. Cuanb, HapogHas Pecny6nuka Kutan

3 (hakynbTeT eCTECTBEHHbIX HayK
6 thakynbTeT XMMUYECKON UHXEeHepUn

PYBPUKA TPHTW: 27.47.00 MaTemaTunyeckas kKnbepHeTuka,
27.47.19 WccneposaHue onepauun,
81.09.00 MaTepnanoBegeHue,
45.09.00 3nekTpoTexHuyeckme maTepuanbl
BWO CTATbW: opuruHansHas Hay4Has ctaTes

Pe3some:

BeedeHue/uenb: B daHHoU cmamebe npedcmasrneHa
MHO20KpUMepuasibHas onmumu3ayusi, OCHo8aHHasi Ha 8eposimHocmu
(probability based multi — objective optimization (PMQOO)), ¢ uenbto
06BbEKMUBHO20 U3ydYeHUs npobrnemM onmumu3dayuu UHKancynsyuu
nekapcmeeHHbIx cpedcme u3 eodopacmeopumozo xumosaHa (WSC) /
rnonu — eama - ennymamuHogou kuciomsl ((y-PGA) - maHwuHoHa IIA
(TA) ¢ dusalHOM nogepxHOCMU OMK/UKa U 2/1ulyepocoMbl -
mpunmonuda ¢ MNOMOWbO OPMO2OHabHOU 3KcrepumMeHmarnbHoU
KOHCMpyKyuu.

Memodbl: B MHO20KpumepuasibHOU onmumu3ayuu, OCHO8aHHOU Ha
gepossmHocmu, 6bisio  88edeHO  oHsmue  rpednoymumesibHol
eeposimHocmu ons ornucaHusi cmeneHu rorneaHocmu
npousgodumesisHocmu. Kaxobili nonesHsil unu 6ecronesHbili UHOEKC
rpousgodumesisHocmu JNUHEeUHOo anusiem Ha 4acmuy4Hyro
npednoYymumernbHyt0  8epOSIMHOCMb 8  MOJIOXKUMENbHOM — Usu
ompuuamesibHOM CMbIcfle, a 8ce rlokasamesiu [oie3Hocmu
00HOBpEMEHHO paccmampusaromcs 8 o0uHakoeom ropsidke. Obwas
npednoymumersibHasl 8epOsIMHOCMb kaHOuOama qensgemcsi
rpous3gedeHUEM ecex omoeribHbIX npednoymumersibHbIX
geposimHocmel, 4mo nepesodum MHO20KpUMepuarnbHyH rnpobremy
OOHOKpUMepUarnbHYyIo.

Pesynemamei: 1. OnmumarnsHas WSC / y-PGA-TA cocmasnissiem 0nsi
WSC 5,755 mr-mn™", TA 1.0275 mr -mn™!, ko2da coomHoweHue TA K
mamepuary-Hocumerno cocmasnsem 1: 4,9, a epems peakyuu — 1,302 u.
2. OnmumarbHble YCrio8US  MPU20MOB/IEHUE  2/TUUepoCoOMbl  —
mpunmonuda npu KOHUeHmpauyuu eanuyepuHa 20%, rpu mMaccoeom
omHoweHuu ocgonunuda K xonecmepuHy 30:1 u maccosom
coomHoweHue ¢gpocghonunudos k mpurnmosnudam 5:1.
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Bb1800b!: Pe3ynbmamel rokasbieaom MpUMEeHUMOCMb
MHO20KpUmepuasbHoU ornmumu3ayuu, 0CHO8aHHOU Ha 8eposimHocmu,
8 onmuMmu3ayuu 2epMemu3upyrouux KOMMo3Uumos C [OMOWbiO
pa3pabomaHHbIX mecmos.

Knrodeebie croga: meopusi 8eposimHocmel, MHO20KpumepuasbHasi
onmumu3ayusi, npedrnoymumerbHasi 8epPOSIMHOCMb,  paspabomka
mecmoe, UHKarcynsyusi 1ekapcmeeHHbIX cpedcme.

NPNMEHA BULLEKPUTEPUJYMCKE ONTUMU3ALINJE HA BA3KN
BEPOBATHOTRE Y NMPUMNMPEMU EHKAMNCYNAUWJE JIEKOBA
NOMORY AN3AJHUPAHOI EKCIMEPUMEHTA

he Jy?, MaoweHe LleHr®

YHusepanutet CeBeposanag, CujaH, HapogHa Penybnuka KuHa
@ dakynTeT NPUPOAHNX Hayka

6 dakynTeT XEMUjCKOT UHXXEH-EPCTBA

OBJIACT: maTtepwjanu, padyHapcke Hayke
KATETOPUJA (TWUIM) YITAHKA: opurinHanHu HayyYHu paa

Caxemak:

Yeodlyure: Y paldy je npedcmasrbeHa  8UWEKpUMepUjyMcKa
onmumu3ayuja 3acHosaHa Ha eeposamHohu (probability based multi
objective optimization —-PMOQ) 3a objekmueHO nipoyvasarse rpobrema
onmumu3sayuje eHkarcynayuje niekosa nomMoRy  xumosaHa
pacmeopsbugoe 'y 800u (water-soluble chitosan — WSC)/eama
ronuenymamuHcke KucesnuHe ((y-PGA) — maHwuHoHa  IIA (TA) nomohy
OusajHa nospuwuHe odzoeopa u enuyepo3oma — mpunmosnuda rnomohy
OpmoeoHanHoe du3ajHa ekcriepumeHma.

Memode: Y euweKkpumepujyMckoj onmumu3sayuju, 3acHO8aHOj Ha
seposamHohu, ygeleH je KOHUenm roxesrbHe eepogsamHohe kako bu ce
ornucao cmereH NMoXesbHOCMU KOpUCHOCMU Heke riepghopmarce. Ceaku
KOPUCHU UMU HEKOPUCHU UHOEeKC KOpuCHOCMU JiuHeapHoO OonpuHOCU
OenumMuYHoOj NoXesrbHoj eeposamHohu y MO3UMUBHOM, OOHOCHO Y
HeaamusHOM CMUCITY, a C8U [oKa3amesbU KopucHocmu repgopmaHcu
mpemupajy ce nodjeOHaKko U jeOHO8peMeHO. YKyrHa [oXesbHa
seposamHoha kaHOuOama rpou3eold je ceux napyujasiHuX MOXesrbHUX
eeposamHoha, 4ume ce eulueKpumepujyMcku npobnem rpesodu y
JjeOHOKpuUmepujyMcku.

Pesynmamu: 1. [Jo onmumanHe eHkaricynauuje WSC / y-PGA-TA dona3su
kada je WSC 5.755 mg-mi™', TA 1.0275 mg-ml™', odHoc TA u Hocehee
mamepujaria 1:4.9, a epeme peakyuje 1.302h. 2. OnmumarnHu ycriosu
npunpeme enuueposoma — mpunmonuda cy  npu KoHUeHmpauuju
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enuyepuHa 00 20%, maceHom o0Hocy hbocgbonunuda u xonecmeporna
30:1 u maceHom odHocy ¢bocgponunuda u mpunmornuda 5:1.

3akrbyyak: Peaynmamu noka3syjy npuMeHrbU8ocm euliekpumepujymcke
onmumMu3ayuje 3acHogaHe Ha eepogamHohu y  onmumu3sayuju
eHKaricynauuje Komrnosuma rnomMohy dusajHupaHux mecmosa.

KmmyyHe pequ: meopuja eeposamHohe,  euwekpumepujymcka
onmumu3sauyuja, rnoxesrbHa  eepogamHoha, OuszajH  mecma,
eHKaricynayuja siekosa.
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Summary:

Introduction/purpose: The paper presents a model for the selection of a
route for the transport of dangerous goods using DEA (Data Envelopment
Analysis) models and fuzzy logic systems. The presented model is used to
define the risk on road sections during the transport of dangerous goods as
well as to select the optimal route for the realization of the transport task.

Methods: The model consists of two phases. The first phase includes the
application of DEA models in which formed input and output models are
connected in the output DEA final form which shows routes with a
satisfactory level of traffic safety and at the same time eliminates routes with
low traffic safety. The second phase involves the application of fuzzy logic
systems, and as a way out of the fuzzy system, preference is given to one
route. Route evaluation is based on six criteria, hamely: route length,
number of access points, AADT (annual average daily traffic), the number
of traffic accidents with fatalities, the number of traffic accidents with the
injured and the number of traffic accidents with material damage. When the
values of the input criteria are entered, a calculation and evaluation is
performed, and, as an exit from the fuzzy system, preference is given to
one of the entered routes (the route with the lowest level of risk). The criteria
used were defined on the basis of expert assessments.

Results: A user program that represents decision support in traffic service.
Conclusion: The user platform was created for the Matlab R2015a software
package with the ability to be adapted to specific problems.

Keywords: DEA model, fuzzy logic system, dangerous goods, risk, route
preference.
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Introduction

One of the daily activities in the Ministry of Defense and the Serbian
Army is the transport of dangerous goods, which is one of constant tasks
of traffic service. In the process of managing the transport of dangerous
goods, the emphasis is placed on reducing the negative consequences of
transport, especially those that affect the safety of population, but also
those that cause harmful effects on the environment. One of the crucial
factors influencing the safe management of the transport of dangerous
goods is the choice of a route on which motor vehicles will move during
the transport of dangerous goods.The goal of managing the risks that may
occur during the transport of dangerous goods is to minimize the negative
consequences for the environment and avoid incidents. With technological
development, there is a mass application of modern software systems
based on artificial intelligence, while solving the problem of transporting
dangerous goods.

This paper presents a model for selecting a route for the transport of
dangerous goods using DEA (Data Envelopment Analysis) models and
fuzzy logic systems as a type of artificial intelligence systems. The system
presented in the paper is a system to help the decision-making bodies of
the transport service in choosing one of several possible routes in a
particular situation when transporting dangerous goods based on potential
risks.

Creating a model involves two phases. In the first phase, the DEA
model was applied, and in the second, the fuzzy logic system. The route
is evaluated on the basis of six criteria, namely: route length, number of
access points, AADT (annual average daily traffic), number of traffic
accidents with fatalities, number of traffic accidents with the injured and
number of traffic accidents with material damage.

A user platform was created for the practical application of the created
model. After the values of the input parameters are entered, calculation
and evaluation are performed, and, as an exit from the system, a
preference is given to one of the entered routes, according to the minimum
risk.

The creation of this and similar models helps in the development of
modern systems for solving complex problems in many industries,
affecting the ongoing increase of interest in scientific fields that deal with
optimizing the process of technical and organizational systems. Wide
possibilities in the application of optimization and prediction models enable
their constant development and improvement.
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The model created in this research facilitates the work of traffic
service authorities and reduces the risk of incidental situations by choosing
the route that is the safest in relation to the available alternatives. Reducing
the possibility of undesirable situations during the transport of dangerous
goods increases the level of safety of traffic participants and environmental
protection. Since the created model is adaptive in nature, by pre-tuning, it
is possible to apply it to solve other problems.

Review of risk assessment models and the definition
of the basic concepts for risk modeling

Literature review

Transport and routing of dangerous goods is an area of interest for
many authors. Improving the efficiency of the transport process affects the
improvement of the efficiency of the system in which it is located. By
applying modern software and information systems, it is possible to find
the optimal solution not only for the transport of dangerous goods, but also
for other problems in various processes.

The subiject of interest of many scientific papers is the optimization of
the transport process that makes up the subsystem of both military and
civilian structures of the logistics system. By using optimization models, it
is possible to improve the functioning of many technical and organizational
systems. Models that have found application in the optimization of the
transport process are also applied in other logistics structures, which
shows numerous possibilities of their use. Based on the opinion of
Cavaignac et al (2021), by applying the DEA (data envelopment analysis)
method, it is possible to improve the business performance of the logistics
system. Their study deals with the analysis of the performance of French
markets as logistics systems. Comparing the business of several different
companies and processing the results using the DEA method give the
results of business success of companies, indicating positive and negative
influencing factors and potential corrective measures in order to improve
the process.

The DEA model has also found application in storage systems, which
Karande et al (2019), present in their work. Warehouse management is an
extremely challenging task due to a number of activities realized within the
warehousing process including internal and external transport processes.
Through a study presented by Karande et al, a data envelopment analysis
(DEA) model was developed to calculate relative efficiencies. The model
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was used to rank warehouses and identify the warehouse with the most
successful business.

The development of the transport sector promotes rapid economic
growth in many countries, but also has a negative impact on the society
and the environment, such as pollution and irrational energy consumption.
In their study, Tian et al (2020), propose an improved model of DEA based
on super-efficiency (SBM-DEA) with weighting to assess the efficiency of
regional transport sustainability. An empirical application for measuring the
sustainability of transport in Shanxi Province in China, in the period 2000-
2015, is presented to demonstrate the effectiveness of the proposed
model. Compared to the result obtained by the SBM-DEA model without
weighting, the number of effective decision-making units was reduced by
the proposed DEA model. The calculated results show that the evaluation
result is generally in line with reality, which reflects the relevance of the
model.

The research conducted by Veskovi¢ et al (2020) presents the
definition and evaluation of the criteria that affect the efficiency of railway
companies, increase their competitiveness and propose an approach
based on the DEA method. The assessment of the efficiency of railway
undertakings was considered using the DEA approach. The results show
that the proposed approach successfully enables the consolidation of a set
of criteria (resource, operational, financial, quality and safety) into a single
assessment of the efficiency of railway companies, providing information
on corrective actions that can improve the efficiency of railway companies.

In the paper Mitrovi¢ Simi¢ et al (2020), the DEA model was applied
to define the route with the highest level of traffic safety, in combination
with other models such as fuzzy logic systems. Through this paper, the
possibilities of combining DEA models with other models are presented,
and a model was created representing support in the decision - making of
transport service authorities regarding the choice of the safest route. As
already shown, the DEA model has an extremely wide application, and the
combination with other models further expands the possibilities of its use.

Multi-criteria models are often used in the field of traffic to define the
level of road safety in order to protect road users. The process of making
decisions about dangerous sections of the road using the model of multi-
criteria decision-making involves defining quantitative and qualitative
criteria of traffic safety, which Nenadi¢, D. (2019) explains in his paper.
The model used in this paper consists of five quantitative and two
gualitative traffic safety criteria. Based on these criteria, the ranking of
alternative sections was performed.The analysis of the total number of
traffic accidents, by their categories, the analysis of the current state of
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traffic infrastructure and the annual average daily traffic (AADT) defined
seven traffic safety criteria that were assessed and ranked in the first
phase of the model by their importance. Using the full consistency method
(FUCOM), Pamucar et al (2018), determined the weighted coefficients of
the defined criteria and ranked dangerous sections of the road using the
weighted aggregate product assessment method (WASPAS) (Baykasoglu
& Golcuk, 2020). The obtained results show which section of the road is
the safest.

Logistics process management has a significant role in ensuring the
competitive growth of the industry. Pamucar et al (2021) in their study
propose a new multicriteria decision-making framework (MCDM) to assess
the operational efficiency of logistics service providers (LSPs). They
present a case study of a comparative analysis of six leading LSPs in India
using the proposed framework. Three operational metrics such as annual
overheads, annual fuel consumption and delay cost were considered.The
result shows that the final ranking is a combined effect of all criteria. It was
determined that the method is more stable, gives consistent results, and
does not suffer from the problem of changing rank.

In addition to the activities undertaken in order to optimize the process
in logistics systems, it is necessary to take measures that relate specifically
to the security aspect, which is also one of the elements for improving
logistics processes. Risks that appear in the field of logistics, especially in
the field of transport, are an area of interest for many authors. Milovanovi¢
(2012) in his dissertation pays special attention to the risks that occur
during the transport of dangerous goods, which is one of the subjects of
this research. In order to safely implement the transport process of
dangerous goods, it is necessary to manage the risk, which is a very
complex process, and one of the steps in this process is the choice of
routes for vehicles transporting dangerous goods.Selecting routes for the
movement of vehicles transporting dangerous goods without quantifying
the level of risk within each route would lead to the possibility of wrong
choice and, consequently, to potential serious consequences that can be
caused by dangerous goods transported. In order to make an adequate
choice of routes from the aspect of risk management, this paper presents
the process of risk management in the transport of dangerous goods, i.e.
the phases of which the risk management process consists and a detailed
description of each phase separately. The place and importance of the
choice of routes for the movement of vehicles transporting dangerous
goods was determined, which is one of the initial activities within the
analysis of the danger of an incident situation, i.e. the first phase of the
mentioned process.Special attention is paid to determining the level of
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social and individual risk due to the great importance of these types of risks
in the choice of routes for the movement of vehicles transporting
dangerous goods from the aspect of risk management. By applying
optimization methods, it is possible to influence risk management
processes, which is also presented in this paper.

Transport of hazardous materials by road poses a risk to the entire
environment along the route (traffic participants and the surrounding
population). Cassini (1998), in his paper presents the activities most often
undertaken in the process of road risk management. In order to minimize
the risks, the question arises as to which route the vehicle should use in
order to protect the environment (people and the environment). Is it safer
to transport through an urban area or less populated areas? Choosing a
route is not always an easy task. Various problems are possible with
vehicles passing through tunnels and similar areas, which could cause
catastrophic consequences in the event of an accident, while the passage
of vehicles on the open road in the event of undesirable situations would
leave fewer negative consequences. In order to adequately choose the
route for the movement of a vehicle carrying dangerous goods, it is
necessary to perform risk assessments using an approach that deals with
the scenarios of accidents that are likely to occur, their probability and
possible consequences. One of the useful steps is the identification of a
class of dangerous goods that has a great influence on the choice of route,
as stated by Cassini (1998).

Bubbico et al (2004) propose an approach to the transport risk
analysis for road and rail transport of hazardous materials based on the
use of geographic information systems (GIS) for territorial information
management, together with a database of products in the tool for risk
assessment. Such an approach makes it possible to accurately take into
account local data affecting risk analysis, such as population, accident rate
and weather conditions along the entire route, using a system that can be
easily updated.

Fabiano et al (2002), in their paper present the conflict of risks that
arise when transporting dangerous goods and strategies for choosing the
route to move, developing an original location-oriented framework and
general applicability at the local level. The realistic assessment must take
into account on the one hand the inherent factors (e.g. tunnels, railway
bridges, radii of curvature, slope, neighborhood characteristics, etc.) and
on the other hand the factors that correlate with traffic conditions. The field
data used in this study were collected on the selected highway, by
systematic research, providing input data for the database at a given
location. The developed technique was applied to the pilot area, taking into
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account individual and social risk and referring to flammable and explosive
scenarios. In this way, risk assessment, sensitive to route characteristics
and population exposure, is proposed in order to reduce overall
uncertainties in risk analysis.

Based on the review of the literature that considers different methods
for optimizing logistics processes and the choice of route for the transport
of dangerous goods, it can be seen that the authors used different criteria.
The analysis of the criteria used by many authors in their research defined
the criteria used to create the model presented in this study.

The concept of risk

A large number of authors define risk as a combination of the
probability of occurrence of incident situations and the magnitude of
potential consequences of the incident situation (Lavell, 2000; Fabiano et
al, 2002; Cassini, 1998). This definition of risk is the starting definition of
the concept of risk. There are many different factors in different spheres
that can cause an incident situation. One of the biggest difficulties in
defining the level of risk is defining the parameters that determine the
probability of occurrence of incident situations and the magnitude of
potential consequences. Risk can also be defined as the probability of
harmful outcomes resulting from the interaction between two hazards?,
vulnerabilities of the community and the natural environment. In 1994, the
National Assembly of the Republic of Serbia defined risk as the expected
number of lost persons, damage to private property and disruption of
economic activities due to hazards. Based on the definitions of risk, it is
concluded that there are three elements that define risk, and they are:

1) type of hazard (Lavell, 2000),

2) vulnerability, and

3) the risk element.

When defining risk, one can talk about individual and social risk. First
of all, it is necessary to terminologically define these two terms, describe
the differences between them and define their limit values. Individual risk
represents the annual mortality rate of the average individual who is
constantly exposed to danger without protective equipment within the zone
of influence (Milovanovi¢, 2012). Social risk is the cumulative value of the
probability of an accident with several victims within the impact zone

1 Hazard-potential harmful physical events that can occur in the context of
vulnerability of population, infrastructure and production, and that lead to
economic and social losses and can reach disaster levels.
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(Ormsby & Le, 1988; Castillo, 2004). The frequency of accidents depends
on:

1) types and quantities of hazards,

2) processes that cause accidents, and

3) levels of applied security measures.

The magnitude of the consequences depends on:

1) population structure,

2) effects caused by the danger during the occurrence of the incident
situation, and

3) the ability of participants to avoid the consequences of the accident
and apply available measures to control the consequences.

In order to effectively manage the risk of an incident during the
transport of dangerous goods, it is necessary to carry out activities that are
interdependent and to have relevant data on the characteristics of
dangerous goods, the number of incidents from the previous period by
dangerous goods classes, population and environmental consequences,
incident situations in the previous period and the capacities of the
response services in case of an incident situation (ambulance, firefighters
and police). As already mentioned, risk is the product of the probability of
an accident involving a vehicle transporting dangerous goods and the
number of inhabitants who are potentially exposed to dangerous goods
due to the accident (Milovanovi¢, 2012):

Risk = probability * consequences D

Probability is the rate of accidents involving vehicles transporting
dangerous goods in units of the number of accidents per vehicle per
kilometer, and the consequences of the degree of population potentially
exposed to accidents involving vehicles transporting dangerous goods
along the road intended for transport of dangerous goods. In order to
determine the probability of an accident with the participation of vehicles
transporting dangerous goods, it is necessary to collect all data on traffic
accidents and traffic flows for all road sections that are analyzed. The
consequences of traffic accidents with dangerous goods are expressed
through the population that is in the zone of influence of dangerous
goods.Transport of dangerous cargo represents the type of transport for
which the greatest risks and potential magnitude of damage to the
population and the environment are associated, so that in accordance with
that it is necessary to influence the reduction of risk, i.e. manage risk when
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transporting dangerous goods. By starting to deal with the risk of
occurrence of incidental urbanization in transport of dangerous goods, the
probability of occurrence of an incident situation and the magnitude of the
consequences for the environment are reduced. There are two types of
activities aimed at reducing primary risk, namely (Milovanovi¢, 2012):

1) reduction of the subsequent risk, and

2) control of the expected risk.

In addition to standard physical and chemical properties, dangerous
goods also have dangerous properties, which is why they are classified in
the category of dangerous goods. These characteristics are reflected in
the types and degree of danger of dangerous goods and have a
considerable influence on the choice of the section for the movement of
vehicles transporting this type of cargo. In addition to the characteristics of
dangerous cargo, the important factors are the amount of cargo
transported by a given road section, current meteorological conditions, the
characteristics of the terrain on which the road section is located, etc. In
order to effectively manage the risks on road sections during the transport
of dangerous goods, it is hecessary to analyze the dangers of incidents. A
hazard analysis is realized through three phases (Milovanovi¢, 2012):

1) hazard identification,

2) consequence analysis, and

3) risk assessment.

The choice of the route for the movement of vehicles transporting
dangerous goods based on the size of the risk is an important factor in the
risk management process for the transport of dangerous goods. The size
of the risk is one of the crucial factors for choosing the route when
transporting dangerous goods. Consequently, new methods are being
developed on a daily basis to select optimal routes for the transport of
dangerous goods, with the aim of managing road risks. Based on the
analysis of influential factors on potential routes for the transport of
dangerous goods, the route for the transport of dangerous goods is
selected. This is the first phase in the process of risk management during
the transport of dangerous goods and is a key factor for effective risk
management from incidents (Milovanovi¢, 2012).

The concept of linear programming

The mathematical methodology for modeling and solving the problem
of finding the maximum or minimum of a linear function, under conditions
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expressed as linear equations or inequalities, is called linear programming.
The term "programming" is used as a synonym for planning, i.e.
determining the optimal solution. This means determining the values of
variables such that they give the optimal value of the objective function,
while satisfying the conditions (constraints).

Linear programming is a special case of mathematical programming
where the function of the goal and the constraints are linear. Such
mathematical models can present the problems of resource allocation,
vehicle movement planning, various problems of production in industry,
problems in the economy, etc. The problem of linear programming was
formulated by the Soviet mathematician Leonid Kantorovich in 1939
(Kantorovich, 1960). The first models were used in wood production, and
during the Second World War Kantorovi¢ worked for the army to optimize
military operations. The method of solving the problem was not publicly
known until 1947 when George B.Danzig published the simplex algorithm
(Dantzig, 1947).

An overview of current models for road risk
assessment

The choice of a route for the transport of dangerous goods is one of
the key activities during the planning and organization of transport. Given
that the route used by vehicles during the transport of dangerous goods is
an extremely important part of the transport process, a number of different
methodologies have been developed for selecting routes for vehicles
transporting dangerous goods: from case studies involving risk analysis,
the route is performed on the basis of data obtained from statistical
analyzes and research on the number of incident situations, until the
choice of routes is resolved through vehicle routing algorithms (Thomson,
1999).

Based on the above, it is concluded that there are numerous
methodologies developed with the aim of selecting routes for the
movement of vehicles transporting dangerous goods from the aspect of
risk management. The most important methodologies necessary for
understanding the improved methodology related to the selection of routes
for vehicles transporting dangerous goods based on the levels of individual
and social risk as well as on the levels of absolute and specific risk are
presented in the following section (Milovanovi¢, 2012).
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a) methodology for the selection of routes for the movement of
vehicles transporting dangerous goods based on the size of individual and
social risk and minimum costs

The problem that defines this methodology is better known as the
"minimum cost problem of goods flows", and was developed by three
Italian authors: Pierre Leonelli, Sara Bonvincini and Giulia Spadoni. In
order to define and select the optimal route for the movement of vehicles
transporting dangerous goods, it is necessary to define the values of the
level of individual and social risk. To determine these two types of risk,
there are two software programs defined by the same authors: Transin (for
determining the level of individual risk) and TransSoc (for determining the
level of social risk). For the optimization of routes within this methodology,
the software package OPTHIPATH selects the optimal route based on the
minimum total costs and the minimum size of individual and social risk
between the source and the destination point (Milovanovi¢, 2012).

b) methodology for the selection of routes for road and rail transport
using social risk curves

This methodology presents a simplified risk analysis for the transport
of dangerous goods by road and rail. It is based on the use of data from a
large database, taking into account the size of impact zones for several
predefined incident scenarios, and on the choice of several average values
of selected parameters relevant to the type of transport activity (i.e. for the
type of transport and the type of dangerous goods) and the category of
road (roads), (Bubbico et al, 2004).

¢) methodology for determining the level of risk and decision-making
strategies in the transport of dangerous goods

This methodology is based on determining the individual and social
level of risk in order to choose routes for the transport of dangerous goods.
It was developed by four Italian authors. Decisions made within the defined
methodology are made based on the level of individual and social risk
(Fabiano et al, 2002).

d) methodology for the selection of routes for the movement of
vehicles transporting dangerous goods on the basis of specific and
absolute risk

This methodology, based on the selection of routes for the movement
of vehicles transporting dangerous goods on the basis of specific risk and
developed by the American Road Institute, consists of eight steps. All
steps within the defined methodology are interdependent, so that it is only
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possible to choose the route for the transport of dangerous goods by
implementing all eight steps (Milovanovi¢, 2012).

One of the most important aspects of the methodology for optimizing
the routes for vehicles transporting dangerous goods is a high level of
flexibility sufficient to make certain changes within the methodology and /
or supplement it with certain goals defined by various stakeholders.The
methodology for selecting routes for vehicles based on absolute risk is
defined by the Institute for Geological Research in the Netherlands and is
based on defining the optimal route for vehicles transporting dangerous
goods for each phase separately, based on the objectives and scenarios
defined within that phase and the previously completed phases. For each
of the phases, special mathematical models were defined individually, on
the basis of which optimizations were performed. The limitations defined
within the methodology apply and they apply to all phases (Castillo, 2004).

Proposal of a model for risk assessment on road
sections during the transport of dangerous goods in the
Serbian Army

The whole process includes a series of activities that need to be
implemented and consists of two phases. The first phase involves the
application of the DEA model which defines routes that have a minimum
level of risk. At the same time, DEA models eliminate routes that have an
extremely high level of risk. In this step, two DEA models are formed to
determine the state of traffic safety on the observed routes: an input-
oriented model and an output-oriented model. Both models are connected
in the output DEA-final form in order to, on the one hand, obtain routes that
enter the further processing process and, on the other hand, to eliminate
routes that do not meet the set conditions sufficiently (routes that do not
have the required level of security traffic). In the second phase, after
identifying the routes with a minimum degree of risk, route evaluation is
performed using the fuzzy logic system (FLS). The FLS was created
through several steps shown in Figure 1. The presented FLS gives the
final ranking of the routes for the transport of dangerous goods, i.e. it
defines the optimal route for the transport of dangerous goods. A user
platform has been created for the created model, through which the
practical application of the model is realized.
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The DEA method is one of the most widely used tools for measuring
efficiency. It was used to compare organizations, companies, regions and
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countries. It has made significant contribution to logistics (Cavaignac et al,
2021), warehousing systems (Karande et al, 2019) and transport (Tian et
al, 2020), as well as to logistics and supply chain subsystems
(Amirteimoori & Khoshandam, 2011), which could be seen in the literature
review at the end of the paper.

In addition to the assessment of efficiency, this method was used in
defining the degree of safety and risk in transport and traffic systems
(Rankovi¢ et al, 2011), which was applied in this paper. The specific
problem that is the core of this research is the choice of the optimal route
for the transport of dangerous goods from the aspect of traffic safety, using
the model of linear mathematical programming. The research considered
six alternative routes for which data related to eight parameters were
collected. The database of the Traffic Safety Agency was used for the
realization of the research.

The DEA-Data Envelope Analysis is a humerical approach based on
the evaluation of the performance of a set of similar entities (organizational
or production units), i.e .units to be decided (DMU - Decision Making Unit)
(Cooper, 2014).The DEA is based on an extension of Farrell's 1957
efficiency measure (Farrell, 1957), upgraded with the method of linear
programming by Charnes, Cooper, and Rhodes in 1978, resulting in a new
method for calculating efficiency called the Data Envelope Analysis (DEA).

Creating virtual inputs (outputs) involves determining the weight
coefficients associated with the inputs and outputs that participate in the
analysis, in accordance with the objectives of the DMU. After calculating
the efficiency measure for each DMU, the DEA analysis provides
information on whether the DMU, based on its inputs and outputs, is
relatively efficient or not, compared to other DMUs included in the analysis.
The algorithm is basically reflected in the iterative solution of a linear
program for each point in the data set. It is the standard basic algorithm of
the DEA methodology and is widely used in numerical terms. This
algorithm must solve as many linear programs as there are points in the
data set (Dawson et al, 2000). In the process of applying the DEA model,
two models were formed to determine the state of traffic safety during the
transport of dangerous goods on the observed routes: input-oriented and
output-oriented models. After that, based on the obtained results, the
alternatives whose values deviate from 1 are eliminated from further
calculations. In the process of traffic safety management, it is necessary
to know the existing situation, which may include dangerous parts of the
road (Nenadi¢, 2019).

There are two basic types of DEA models: the CCR model and the
BCC model. In this case, the CCR (Charns, Cooper and Rhodes modeling
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model) model was used (Veskovi¢ et al, 2020). The CCR model is also
known as the DEA model with constant volume yield, and the BCC model
is known as the DEA model with variable volume yield. CCR models
measure the overall technical efficiency of a unit, which includes pure
technical efficiency and volume efficiency. It is assumed that the units
operate with a constant return on volume, i.e. that the increase in the input
must result in a proportional increase in the output (Jeremic¢, 2012).

Mathematically, the DEA method can be described by models that
consist of a goal function and two types of constraints. In this case, two
DEA CCR models were formed according to the input-oriented model
(max) and according to the output-oriented model (min) (Srdjevic et al,
2002).

The input-oriented CCR model is obtained by converting a nonlinear
task into a linear one which is solved by the method of linear programming.
This gives an optimal solution, where the optimization criterion is the
maximization of the value of the objective function under given constraints
(system of linear inequalities) (Mitrovi¢ Simi¢ et al, 2020). The DEA CCR
input-oriented model (max) is:

DEAinput = max E;n; 1 M'J; Xz’—!'nput

2
St
MW Xy — X WY <0, j= T, ,n (3)
ﬁ:—;+1 M'P; Ya’—output:l (4)
Wiz0, i=1,.......... , m+s (5)

The DEA consists of m input parameters for each alternative Xij, while
S shows the output parameters for each alternative Yij, taking into account
the weights of the parameters denoted by wi, n represents the total number
of DMUs. The DEA CCR output-oriented model (min) is:

DEAoutput: min :1-::+1 Wi Ya‘—output

(6)

St:
(ML W X)) + T WY 20, =T, ,n @)
?;1 M'J;'X!'—i'nputzl (8)

953

Plani¢, J, Defining risks on road sections during the transport of dangerous goods in the Serbian army using the linear mathematical programming model, pp.939-971



QVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2022, Vol. 70, Issue 4

Wiz0, i=1,.......... , m+s (9)

Finally, to obtain the efficiency index for each DMU, the equation is
applied:
DEAsafety:

min output

max input (10)

Phase Il - Fuzzy logic system

Artificial intelligence is one of the computer fields. The main goal of
artificial intelligence is to enable computers to behave like humans. This
effect is achieved by using a fuzzy system. The fuzzy theory is designed
to represent human knowledge and reason in such a way that it can be
easily presented on a computer. The creator of fuzzy logic is Lotfi Zadeh
(Zadeh, 1965). The fuzzy system has the property of "quantification of
uncertainty”. Unlike formal logic, in which reasoning is performed with two
values(true-false, 0-1), fuzzy logic uses numbers from the interval
(0.1).This interval is much closer to reality, human thinking and expression.
During the modeling of the fuzzy logic system, it is necessary to go through
all six steps listed in Figure 1 and finally apply the created model. An
explanation of these steps is provided below.

1) Problem analysis

In order to determine the number of variables and their
interdependence, a detailed analysis of the problem is performed when
modeling a fuzzy logic system. If the problem is complex, the system can
be divided into several smaller subsystems, the goal and purpose of each
subsystem is determined, after which the way of connecting these
subsystems and priorities among them is determined.

2) Defining linguistic values

As already mentioned, linguistic variables take values from a spoken
language or are artificially synthesized and represented by fuzzy sets. In
this case, it was assumed that the designed fuzzy system, for the selection
of the route for transport of dangerous goods, contains six input linguistic
variables (two input variables (out of eight) used in creating the previously
presented DEA model were not taken into account) and system load (a
large number of rules) to facilitate the modeling of fuzzy systems and
perform simpler manipulation of parameters, as follows:

“ Route length,
% Number of access points,
% AADT (annual average daily traffic),

7
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« Number of traffic accidents (TA) with fatalities,
% Number of traffic accidents with the injured, and
% Number of traffic accidents with material damage,

7

7

as well as the output linguistic variable Route preference.

For all inputs and outputs, it is necessary to determine the number
and type of membership functions. A larger number of membership
functions increase the total number of rules, which makes it difficult to set
up the system, so it is recommended, in accordance with the nature of the
variable, to start with the smallest number of membership functions.
Reducing the number of membership functions must not be done to the
detriment of the quality of the description of the variable. Starting from the
above settings, it is defined that in the model each input variable has three
linguistic values, and the output variable has six. The linguistic values
assigned to all input variables were: Route length (Small, Medium, Large),
Number of access points, AADT, Number of TA with fatalities, Number of
TA with the injured and Number of TA with material damage (Small,
Medium, Large). The output variable preference by route has the values:
Very small, Small, Medium small, Medium, Large and Very large
preference.

A large number of linguistic values were not needed because this is a
decision support system, so it does not require enormous precision. With
three linguistic values, a satisfactory gradual change in output values was
achieved, which limits the number of rules to 729, a domain that an expert
can control. By the way, most fuzzy systems contain 3, 5 or 7 variables,
and practice has shown that people manipulate well with a maximum of 7
values.

3) Selection of affiliation functions

The choice of affiliation functions and their range in the confidence
interval is one of the most important phases.The fuzzy system used
Gaussian curves for input and output variables. In this way, a satisfactory
sensitivity of the system is achieved. Figures 2 and 3 show the
membership functions of the input variables and the output variable.

955

Plani¢, J, Defining risks on road sections during the transport of dangerous goods in the Serbian army using the linear mathematical programming model, pp.939-971



QVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2022, Vol. 70, Issue 4

1 large medium large
| -
S
o —
- AN .
= P —
% i I- i - -I -I I- .
10 10 30 40 50 60 W B S0 100 70 &0 80 100 110120 130 140 150 160 L70 130
a Route length Mo of access points
L= [ Small " miedium Targe | [smal ™ Tmegum  large]
—— ) _."/- ""‘.‘_.. Vs ‘s‘__- N AN
“6 eal/ A ' 08 H‘
o5t 06
 a—
O a4
- — '.l
-— | . 02
— ~ “n,______ ’ |, ob— \‘\-.___
A 1 " L L L 1 1 1 1 1 It 1 1 1
1 11 12 13 14 1% Lé 17 o1 1 i 4 5 & 7T B % 10
(ﬁ AADT Mo TA with the dead
“— [ small © 'medium large | . |small miedium large
O \\_ & ’ -\\'-. / \\'-.
0% / ! 08 Y l
. I N f llI 1 k.
q}u, “'-. ". .'u II'- | !
5 ael Yo 06
LW i Y f \
o> \ - \
@ M AN 04 \/
. - — A A \x____ . e
40 80 B0 100 120 140 160 130 200 220 0 50 100 150 100 150 300 330 400
Mo TA with injured No TA with material damaage

Figure 2 — Function of belonging of linguistic variables: Length of the route, Number of
access points, AADT, Number of TA with fatalities, Number of TA with the injured and
Number of TA with material damage
Puc. 2 — ®yHKyusi npuHalnexxHocmu fIUH28UCMUYECKUX NepeMeHHbIxX: [JnuHa
mapwpyma, kornudecmseo moyek docmyna, CAT, konuyecmeso ATl co cmepmernbHbIM
ucxodom, konudecmeo LTI ¢c nocmpadaswumu u kornudecmeo AT ¢ MamepuarbHbIM
ywepbom
Cnuka 2 — ®yHkyuja npunadHocmu AUH28UCMUYKUX rpoMerusux: OyxuHa pyme, 6poj
npucmynHux mayaka, lNrAcC, 6poj CbH ca noauHynum nuyuma, 6poj CEH ca
nospeheHum nuyuma u 6poj C6H ca mamepujanHoM wmemom
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Figure 3 — Output variable membership functions
Puc. 3 — ®yHKyuu npuHadnexxHocmu 8biX0OHbIX NepeMeHHbIX
Cnuka 3 — ®yHkyuje npunadHocmu usnasHe rnpomeruse

4) Forming a database of rules

Linguistic rules are the connection between the inputs and outputs of
a fuzzy system. Expert knowledge of the process can be expressed
through a number of linguistic rules consisting of spoken or artificial
language words. When it comes to complex systems, one of the big
problems is the lack of standard and systematic methods for transforming
engineering knowledge or experience into fuzzy rules. There is also no
general procedure for selecting the optimal number of rules, as many
factors influence such a decision, which is very important for the speed of
the system (Bozani¢ & Pamucar, 2014).

The domain expert enters his knowledge primarily through production
rules. At the beginning, it is important that for each combination of the input
values of the linguistic variables, the expert suggests appropriate output
values. In this case, there are six input linguistic variables (n = 6), with
three linguistic values each (M = 3) and they can be combined in the
database with a total of M" = 3° = 729 rules. The weighting coefficients of
the criteria were determined using the LMAW method. The method of
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aggregation of the weight of the premise of the rule is presented in
(Pamucar et al, 2021).

5) Choice of the inference and defasification method

The methods most commonly used in direct inference are MIN-MAX
and PROD-SUM (Mamdani method). In the initial phase of the system
development, the MIN-MAX method was used. This method is a common
choice when it is not important to manage the entire confidence interval of
the output variable. However, a large number of system simulations have
shown that the MIN-MAX method is inappropriate. One of the basic
requirements was to achieve a satisfactory level of system sensitivity,
which means that with certain small changes in the input, the output from
the fuzzy system must also have small changes, which could not be
achieved using the MIN-MAX method.The Matlab R2015b software
package was used to construct the fuzzy logic system. In order to increase
the sensitivity of the system, the PROD-SUM method of direct inference
was used, as the best one offered by the Matlab software package.

Application of the model

To test the model, a transport task was used to transport dangerous
goods from the Vasa Carapi¢ barracks (Banijica) to the Rastko Nemanji¢
barracks (Pancéevo). Six routes were defined and taken into account for
the realization of transport. Taking into account the fact that it is an urban
zone where the vehicle moves, the safety of transport is the primary task
during planning, primarily due to the increased concentration of
pedestrians who represent the most endangered category of traffic
participants, and then environmental protection.

Phase | - application of the DEA model

Based on expert consultations, eight input and output parameters in
total have been defined, the validity of which has been confirmed in
research work (Mitrovi¢ Simi¢ et al, 2020). A list of four criteria was formed
for the inputs: the route length expressed in kilometers, the number of
access points, the AADT and the road slope. The following were taken as
the outputs: the number of traffic accidents with fatalities, the number of
traffic accidents with severely injured persons, the number of traffic
accidents with lightly injured persons and the number of traffic accidents
with material damage. The approximate numerical values are taken for the
used criteria, presented in Tables 1 and 2.
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Table 1 — Route parameters in relation to the formed list of inputs
Tabnuya 1 — Napamempsl Mapwpyma rno OMHOWEHUI K CGhOPMUPOBAHHOMY CIUCKY
8X00HbIX OaHHbIX
Tabena 1 — Napamempu pyma y 0OHOCY Ha ¢hopmupaHy aucmy umryma

ROUTE &w;e lenght gl(l;irrnt;er of access AADT (veh/day) gggg(%)
1. 73.37 92 16340 0.281
2. 33.28 88 14592 0.232
3. 52.27 123 15466 0.199
4, 34.6 140 10019 0.321
5. 32.23 132 11521 0.359
6. 53.36 161 10103 0.253

Table 2 shows the values of the observed routes in relation to the
output parameters.

Table 2 — Route parameters in relation to the formed output list
Tabnuya 2 — Napamempbl Mapwpyma omHocumesibHo cghopMUPO8aHHOZ0 CrUCKa
8bIXOOHbIX OaHHbIX
Tabena 2 — Napamempu pyma y 00HOCY Ha ¢hopMupaHy aucmy aymriyma

. No. TA with No. TA with No. TA with
No.TA with . . : . -
Route o seriously injured | slightly injured material
fatalities
persons persons damage
1 5 73 77 168
2 3 101 104 255
3 4 93 98 247
4 4 202 105 254
5 2 121 123 367
6 4 51 54 73

In the following section, two DEA models are presented: input and
output oriented models, in order to show the routes that had a satisfactory
level of safety and which were taken into further ranking. The formed linear
programming algorithms were solved using Lingo 18. The given examples
of the input-oriented model were solved using equation (2), and the output-
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oriented one was solved using equation (6), for route 1 whose parameters
are shown in Tables 1 and 2. All inputs belong to the benefit group,
because they need to be maximized, and the outputs belong to the cost
group and need to be minimized.

DEANnPUT=MAX =73.37*w1+92*w2+16340*w3+0.281*w4;
73.37*w1+92*w2+16340*w3+0.281*w4-
(5*w5+73*w6+77*W7+168*W8)<=0;
33.28*w1+88*w2+14592*w3+0.232*w4-
(3*w5+101*w6+104*W7+255*W8)<=0;
52.27*wl1+123*w2+15466*w3+0.199*w4-
(4*w5+93*w6+98*W7+247*W8)<=0;
34.6*w1+140*w2+10019*w3+0.321*w4-
(4*w5+202*w6+105*W7+254*W8)<=0;
32.23*w1+132*w2+11521*w3+0.359*w4-
(2*w5+121*w6+123*W7+367*W8)<=0;
53.36*w1+161*w2+10103*w3+0.253*w4-
(4*w5+51*w6+54*W7+73*W8)<=0;
5*w5+73*w6+77*w7+168*w8=1;
wl1>0;w2>0;w3>0;w4>0;w5>0;w6>0;w7>0;w8>0;

The obtained results show that the objective function is equal to 1.000.

DEA outout =MIN=5*w5+73*wW6+77*W7+168*W8;
-73.37*w1-92*w2-16340*w3-
0.281*w4+(5*w5+73*w6+77*wWw7+168*w8)>=0;
-33.28*w1-88*w2-14592*w3-
0.232*w4+(3*w5+101*w6+104*w7+255*w8)>=0;
-52.27*w1-123*w2-15466*w3-
0.199*w4+(4*w5+93*w6+98*W7+247*w8)>=0;
-34.5*w1-140*w2-10019*w3-
0.321*w4+(4*w5+202*w6+105*w7+254*w8)>=0;
-32.23*w1-132*w2-11521*w3-
0.359*w4+(2*w5+121*w6+123*wWw7+367*Ww8)>=0;
-53.36*w1-161*w2-10103*w3-
0.253*w4+(4*w2+51*w6+54*w7+73*w9)>=0;
73.37*w1+92*w2+16340*w3+0.281*w4=1;
wl1>0;w2>0;w3>0;w4>0;w5>0;w6>0;w7>0;w8>0;
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The obtained results for output oriented route 1 also show that the
objective function is equal to 1.000. The algorithms of other routes were
solved in the same way and the final results of the DEA model are shown
in Table 3. The DEA-final values were obtained applying equation (10).

Table 3 — Traffic safety situation on the analyzed routes after the application of the DEA
model
Tabnuya 3 — Cumyauyus ¢ 6e3orMacHOCmbIO 08UXEHUS Ha aHanu3upyeMbix Mapuwpymax
rnocrne npumeHeHusi modesnu DEA
Tabena 3 — Cmare 6e3bedHocmu caobpahaja Ha aHanu3upaHuM pymama HaKoH
npumeHe modena [JEA

ROUTE DEA-INPUT DEA-OUTPUT DEA-FINAL
1. 1.000 1.000 1.000
2. 1.000 1.000 1.000
3. 1.000 1.000 1.000
4. 0.852 0.999 1.172
5. 1.000 1.000 1.000
6. 1.000 0.249 0.249

Routes 4 and 6 are eliminated from the further processing process
due to poor traffic safety characteristics. On these routes, it is necessary
to take certain corrective measures in order to improve traffic safety.
Routes with a value of DEA-final=1.000 are taken into further
consideration.

Phase Il - Application of the fuzzy logic system

The application of the system is an integral step in the life cycle of the
system. The model needs to be applied and, if necessary, certain
corrective measures, changes and improvements need to be taken, which
is relatively easy in a fuzzy system because it is characterized by the
property of adaptability. When designing a fuzzy system, the interval of
(0.1) was taken as the confidence interval of the output variable route
preference. During the practical application of the system, the interval (0.1)
can be adjusted depending on the obtained preference according to the
route. For transport, six routes - alternatives were considered, and after
the application of the DEA model, further consideration is given, i.e. in the
second phase of the work, four alternatives were taken. The fuzzy logic
system was applied to routes 1, 2, 3 and 5, which were mentioned earlier,
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because after the application of the DEA model, these alternatives proved
to be routes that meet the necessary conditions and were taken into further
processing.

Table 4 shows the values of the input variables in the fuzzy logic
system for each route (alternative). The database of the Traffic Safety
Agency was used for the realization of the research.

Table 4 — Values of the input variables in the fuzzy logic system
Tabnuya 4 — 3HavyeHus1 8X00HbIX NepPeMEHHbIX 8 CUCMeMe HeYemKoU fl02uKu
Tabena 4 — BpedHocmu yrasHUX npoMersusux y fuzzy nosuyku cucmem

No. TA No. TA No. TA
Route No.of access e with with
Route . AADT with - .
length(KM) | point - injured | material
fatalities
persons | damage
A1 73.37 92 16340 5 75 168
A2 33.28 88 14592 3 102.5 255
A3 52.27 123 15466 4 95.5 247
A4 32.23 132 11521 2 122 367

After entering the input parameters into the fuzzy logic system, the
calculation and evaluation of these alternatives is performed. The results
of the calculation, i.e. the output values of the fuzzy logic system are shown

in Table 5.
Table 5 — Evaluation of the alternatives
Tabnuuya 5 — OuyeHka anbmepHamus
Tabena 5 — Esanyayuja anmepHamusa

i Route preference
Alternatives - - — —
Numerical value Linguistic description
A1 0.567 Medium small
A2 0.680 Medium
A3 0.519 Small
A4 0.668 Medium
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After the evaluation of the alternatives, it was found that there was the
greatest preference for alternative A2. The ranking of the alternatives can
be displayed as A2> A4> A1> A3.

For the developed fuzzy logic system, a user program was created for
the practical realization of the model. The user platform was created in the
Matlab R2015b software package. By entering the term "PROGRAM" in
the command line of the Matlab software package, a program is launched
to select the route for the transport of dangerous goods based on the
minimum degree of risk. The user form is shown in Figure 4.

Evaluation of the route for transport of hazardous materials

FHD
-

Run program End program

Jovana Planic, 142nd class
Department of Logistic, Traffic and Transport module
Belgrade, 2021.

Figure 4 — User form of the program
Puc 4. — ®opma nonb3oeamersibCcKol rnpoepamMmme|
Cnuka 4 — KopucHu4ka ¢hopma npozpama

Clicking on the "Run program" button opens a fuzzy logic model in
which the user enters the desired values of input variables. The values of
the input and output variable criteria are shown in Tables 4 and 5. The
values are entered by typing in the window of the specified criteria located
on the user form, which is shown in Figure 5.
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Input

Route length Mo of access points AADT

No TA with the dead No TA with injured No TA with material damages

Output

Figure 5 — Window for entering the input values into the system and displaying the output
values from the FLS
Puc. 5 — OkHo 011 8800a 8X00HbIX 3HaYeHuULl 8 cucmemMy U 0mobpa)xeHusi 8bIXOOHbIX
3HayeHul us ®JIC
Cnuka 5 — [Npo3op 3a yHOC yna3Hux epedHocmu y cucmem U rfpukas usrnasHux
gpedHocmu u3 FLS-a

Activating the "RUN" button starts the developed fuzzy system in
which the calculation and evaluation of routes is performed. The presented
model expands the theoretical framework of knowledge in the field of
choosing the route for the transport of dangerous goods. The existing
problem can be considered with a new methodology, which provides a
basis for further theoretical and practical upgrades.

Conclusion

The model used to select the route for the transport of dangerous
goods using the DEA model and fuzzy logic systems is based on the
minimum level of risk. Fuzzy logic systems belong to a group of models
that are based on artificial intelligence and can be used to support the
decision-making bodies of the transport service in the Ministry of Defense
and the Serbian Army. Technological development leads to the
development of new models for the selection and optimization of the route
by which dangerous goods are transported. The primary goal is to reduce
the risks and consequences of incidents.

Based on the data collected from the database of the Traffic Safety
Agency, eight criteria for creating DEA models have been defined. For the
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input values (inputs), the following criteria were taken: the route length, the
number of access points, the AADT and the road slope. For the output
values(outputs), the following criteria were taken: the number of traffic
accidents with fatalities, the number of traffic accidents with seriously
injured persons, the number of traffic accidents with slightly injured
persons and the number of traffic accidents with material damage. The
algorithms for the inputs and the outputs were solved using the Lingo18
software package.The last step in the implementation phase of the DEA
model was the definition of DEA final results that eliminate routes with
extremely low levels of safety and on which appropriate measures need to
be taken in order to improve traffic safety. In this case, two routes were
eliminated out of the total of six alternatives, and these routes were not
considered in the fuzzy logic system that includes the second phase of
work. The following criteria were taken as the input values into the fuzzy
logic system: the route length, the number of access points, the AADT, the
number of traffic accidents with fatalities, the number of traffic accidents
with injured persons and the number of traffic accidents with material
damage. In the phase of the application of the fuzzy logic system, the total
number of the input criteria was reduced compared to the DEA model for
simplifying system modeling and for easier manipulation of the total
number of rules, 729, with the six input criteria.

All input variables are represented by three membership functions,
and the output variable is defined by six membership functions. One of the
basic requirements when modeling the system was the existence of a
certain degree of sensitivity of the system, so Gaussian bell functions were
used as functions for the input and output variables. All rules in the fuzzy
logic system are determined by applying the method of aggregation of
weight premise rules (ATPP) (Bozani¢ & Pamucar, 2014), which allows the
formation of a database based on experience and intuition. Based on the
number of input variables and the number of their membership functions,
a basic base of 729 rules was defined. The values of the weight
coefficients were determined using the LMAW method (Pamucar et al,
2021). In order to increase the sensitivity of the system, the PROD-SUM
method of direct inference was used.

The presented model was tested on the example of choosing a route
for the transport of dangerous goods. Four possible routes were
considered and evaluated on the basis of the six previously mentioned
criteria. After the calculation and evaluation of the individual routes, the
values of the output variable of the fuzzy system were obtained in the user
form, that is, the preference for the route was obtained in the form of a
numerical value and a linguistic descriptor.
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Based on the output values of the system for each route, the observed
routes were compared and ranked. In this case, route 2 proved to be
optimal for the realization of the transport task. The advantage of using
this system is the presence of the adaptability feature which gives the
possibility to adjust the base of the fuzzy rule. Fuzzy inference rules are
essential for the management of dangerous goods transport, due to the
descriptive approach and the heuristic solution of the problem. The fuzzy
logical model transcends the limitations of conventional evaluation
methods. This system is implemented as a user program within the Matlab
software package. As such, it is suitable for application in a dynamic
environment and real-time decision making. The presented system leaves
room for further research that should move in the direction of identifying
additional parameters that may affect the choice of a route for the transport
of dangerous goods and the implementation of additional decision criteria
in the presented model. The presented software can be additionally tested
by solving problems from the real environment in the units of the Serbian
Army and adjusted to the needs and requirements of users.
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BbIABNEHNE PUCKOB HA YHACTKAX AOPOT INMPW NMEPEBOSKE
OMNACHbIX TPY30B CEPECKMX BOOPYXXEHHbLIX CAIT C
MCMONb3OBAHMEM MOOENW NIMHENHOIO
MATEMATWYECKOIO NMPOrPAMMNPOBAHNA

Woeara M. MnaHuy

YHusepcuteT obopoHsl B . benrpaa, BoeHHas akagemus,
HenaptameHT nornctuku, r. benrpag, Pecnybnuka Cepbus

PYBPUKA TPHTW: 27.47.19 WccnepoBaHne onepauui,
73.47.12 OpraHusaums ynpasneHus u
aBTOMAaTU3MPOBaHHbIE CUCTEMbI YNPaBNeHUs
TpaHCNopTOM,
81.88.00 MaTepuarnbHO-TEXHNYECKOE CHabXeHue.
Jloructuka
BUAOCTATDbW: opurnHansbHas Hay4yHas ctatbs

Pe3swome:

Besedenue/uenb: B cmambe npedcmasneHa Modesib o  ebibopy
Mapuipyma repeso3Ku oracHbIX epy308 C Ucrornb3o8aHueM modernel DEA
(Data Envelopment Analysis) u cucmem He4YemKkoU  JI02UKU.
lpedcmasrneHHass Moderib UCMonb3yemcs Ofsi 8bISBIEHUST PUCKO8 Ha
yyacmkax Oopoe rpu rnepesoske onacHbIX 2py308, a makke Ors ebibopa
onmumarsbHO20 Mapuwipyma 0rs peanu3ayuu mpaHcropmHou 3adadu.

Memodbi: Modesnib cocmoum u3 dgyx amarios. [lepabill 3marn ekrroYyaem
8 cebsa npumeHeHue moderneli DEA, 8 Komopbix CghopMupO8aHHbIe
8X00HbIE U 8bIXOOHble OaHHble 0bBLEOUHSIIOMCS 8 KOHEYHOU chopme
ebixo0Hol DEA wmodenu, Komopasi rokasbleaem Mapuwpymbl C
ydoernemeopumeribHbIM ypo8HeEM 6e30racHoCmMu OOPOXXHO20 O8LXKEHUS U
8 MO Xe 8peMsi ycmpaHsem Mapuwpymsl ¢ HU3Kol 6e30macHOCmbH
0opoxxHO20 08UXeHUsi. Bmopol aman npednoniazaem npuMeHeHue
cucmeM HedemkoU fi02uKu, rpu ebixode u3 Komopol pekomeHOyemcsi
00uH u3 mapwpymos. OueHka Mapwpyma OCHO8aHa Ha wecmu
Kpumepusix, a UMEHHO: paccmosiHue Mapuipyma, KOJIu4ecmeo moyek
docmyna, CAT (cpedHezodosoli OHesHOU mpadgbuK), Kornu4ecmeo
OOPOXKHO-MPaHCIOPMHbIX MPOUCWECMEUll CO CMePMesibHbIM UCXO00M,
Konu4yecmeo OOPOXKHO-MPaHCIOPMHbIX npoucwecmesuti c
rocmpadaswumu u Konu4ecmao O0POXKHO-MPaHCIOPMHbBIX
npoucwecmesuti ¢ MamepuarnbHbiM yuwepbom. [Npu eeode 3HayeHUU
8XO0HbIX KpUmMepues 8bIMOIHAeMCS 8bI4UCIIEHUE U OUEHKa, a rnpu ebixode
U3 Heyemkol cucmembl pekomeHOyemcsi OOUH U3 88€0eHHbIX
Mapuwipymoe (Mapuwpym ¢ HauMeHbWUM YPOBHEM puckKa). Mcrionb3yembie
Kpumepuu 6biriu orpedesieHbl Ha OCHOB8aHUU MPOBEOEHHOU SKCEPMUS3bI.

Pesynbmamel:  [Nlonb3osamernibckas npogpamvma  Ucronb3yemcs 8
Kayecmee no0OepXKKU Mpu MPUHAMUU peweHull opaaHamu yrpasnieHust
OOPOXKHbBIM OBUXKEHUEM.
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Bbigo0k!: [Nonb3o8amerbckasi nnamagopma bbina pa3pabomaHa 8 pamMkax
nakema npuknadHbix rpoepamm Matlab R2015a ¢ 803MOXHOCMbIO
adanmauuu K KOHKpemHbIM 3adadyam.

Knrouesnie crniosa: modesib DEA, cucmema HeyemkoU 1102uKuU, OnacHble
2py3bl, puck, npednoymumeribHbIU Mapuwpym.

ANEONHNCAHE PUSUKA HA NYTHM OEOHULIAMA TTPU
TPAHCIOPTY OMNACHOI' TEPETA Y BOJCLI CPBUJE
NPUMEHOM MOJOENA NMHEAPHOIr MATEMATUYKOT
NPOrPAMUPAHA

JosaHa M. NMnanuh

YHuBepautet ogbpaHe y beorpaay, BojHa akagemuja, Kategpa noructuke,
Beorpapg, Penybnuka Cpbuja

OBJIACT: matematuka, caobpahaj, noructuka
KATETOPWUJA (TUIM) UNAHKA: opyruHanHu Hay4yHu paa

Caxemak:

Yeod/yurb: Y pady je npedcmaserbeH moden 3a u3bop pyme, 3a
mpaHcropm ornacHoe mepema, yrnompebom modena DEA (Data
Envelopment Analysis) u fuzzy noau4kux cucmema. lNpuka3aHu moder ce
Kopucmu 3a OegbuHucam€e pu3uka Ha nymHum OeoHuuama npu
mpaHcropmy oracHoz mepema, Kao u 3a u3bop onmumarsnHe pyme 3a
pearnu3sayujy mpaHcropmHoa 3adamka.

Memode: Moden ce cacmoju 00 0ge ¢hase. Y npeoj hasu je npumer-eHa
memoda DEA koja ce cacmoju 00 dsa molena:. umnyma u aymmyma,
nosezaHa y usnasHu DEA final moden, koju nokasyje pyme ca
3adososbasajyhum cmeneHom 6e3bedHocmu caobpahaja u ucmospemeHo
efuMuUHUWe pyme ca HUcKumM cmerneHoMm 6e3bedHocmu caobpahaja.
Lpyea ¢hasa ykrbyuyje npumeHy fuzzy noaudkux cucmema, a Kao usnas u3s
fuzzy cucmema dama je npecbepeHyuja npema pymu. Eeanyauuja pyme
8pLUU Ce Ha OCHOo8y wecm Kpumepujyma, a mo cy: OyxXuHa pyme, 6poj
npucmynHux madaka, NMAC (npoceyaH 2oduwirbu OHegHU caobpahayj),
6poj caobpahajHux He3zo00a ca roz2uHynum suyuma, 6poj caobpahajHux
He3zo00a ca nospefheHum nuyuma u 6poj caobpahajHux He3zo0a ca
mamepujaniHom wmemom. Kada ce yHecy 6pedHocmu  yrna3Hux
Kpumepujyma, epwiu ce rnpopayyH u esasyayuja, npu 4emy ce, Kao usrnas
u3 passujeHoz cucmema, 0obuja npecbepeHyuja npema yHemoj pymu
(pyma ca HajmarumM HUBOOM pu3uka). KopuwheHu Kpumepujymu
OegbuHuUCaHU Cy Ha OCHOBY €KCIEPMCKUX MpoueHa.

Pesynmamu: KopucHUYKU ripo2paM Kopucmu ce Kao mnoopwka Yy
o0ny4usarby op2aHuMa caobpahajHe criyxbe.
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Sakmbyyak: KopucHudka rinamgbopma KpeupaHa je y po2pamMcKoM
nakemy Matlab R2015a u npyxa moayhHocm Hadozpadwe U
npunasohasarba KOHKPEemHOM rpobriemy.

KrbyuHe peyu: moden DEA, fuzzy noauuyku cucmem, onacaH mepem,
PU3BUK, peghepeHyuja npema pymu.
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Abstract:

Introduction/Purpose:  Aircraft present one of the safest and most
frequently used means of transport. However, despite taking many
security measures, accidents happen. No matter a damage level, if the
aircraft somehow manages to land, the most important is to evacuate
passengers from the aircraft, fast and safely. Evacuation of aircraft is very
complex and depends on many different factors such as a damage
degree, presence of fire, speed of passengers, presence of panic and
fear, etc. So, it is important to, somehow, as much as possible, predict
potential ways of evacuation and potential evacuation strategies and
routes. Landed aircraft can be in different conditions so fast and safe
evacuation of passengers is very important. The only way to predict safe
evacuation routes, to determine proper evacuation strategies and to
calculate potential evacuation times needed to leave the aircraft is to use
some adequate simulation software.

Methods: In this paper, for calculating needed evacuation times and
potential evacuation routes, the simulation method was used. Simulations
of evacuation scenarios and calculations of evacuation times were
realized in Pathfinder software. The simulation model created in
Pathfinder was a model of the A 321 aircraft related to its real dimensions.

Results: The results of this paper, obtained on an appropriate simulation
model of the aircraft with stairs and emergency slides, have shown the
evacuation times for two different evacuation scenarios with different
speeds of passengers/occupants.

Conclusion: A proper evacuation strategy and the fastest evacuation of
occupants are crucial for saving lives. Simulation software use in
evacuation problems presents a very effective way in terms of safety,
cost-effectiveness and prediction. This kind of software presents an
obligatory engineering tool for more effective and more precise dealing
with evacuation and similar problems. This paper was written to show how
simulation software can be used for calculating evacuation times from an
airplane on land.

Key words: evacuation, aircraft, simulation, passenger.
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Introduction

Evacuation of people, animals and material resources from
endangered places or buildings to a safe location in a fast and safe way
always presents a complex task.

Generally, traffic presents a very important social activity where
potential situations and occasions demand very effective evacuation
strategies. According to reports and statistics, air traffic presents one of
the safest ways of traffic. Most accidents in air traffic occurred in the air
during taking off and landing. A diagram of all accidents in civil air traffic
from 1919 till October 1921 is presented in Figure 1 (Planecrach, 2021).

Number of accidents
35

30
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20
15
10

5

0

1919 1936 1953 1970 1987 2004 2021
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Figure 1 — Aircraft accidents from 1919 till October 2021
Puc. 1 - Asuakamacmpodbbi ¢ 1919 no okmsibpb 2021 200
Cnuka 1 — AsuoHcke Hecpehe 00 1919. 0o okmobpa 2021. 200uHe

One of the most important advantages for air traffic in terms of
safety are rigid procedures and rules for aircraft and high scientific and
quality levels used in manufacturing aircraft. But accidents do occur.
Sometimes, it is possible to avoid accidents or to reduce consequences
of accidents. Of course, the most important course of action in any case
of damage, malfunction or any problem, is to land the aircraft
immediately. Many accidents were avoided by forced landings, very often
out of the runway. A well-known case called ,Miracle on the Hudson
flight” occurred in January 15, 2009, when a commercial airplane landed
on the Hudson river and all 155 passengers and the crew members
survived (CN Traveler, 2022). However, even when an aircraft somehow
lands, a very important moment is to evacuate the passengers from the
airplane to the safety. Potential scenarios can be different: an engine
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failure while taking off, missed runway while landing, wheals failure while
taking off or landing, outing of the runway, etc. This task can be very
hard, depending on many factors. In many cases, passengers try to
evacuate the aircraft without any kind of organisation, tactics or plans;
the presence of fear and panic is huge and injuries and even deaths are
very likely to happen. Also, very often, the cabin crew do not have
precise and continual connection and communication both between
themselves and with the passengers which implies a delayed or
considerably longer evacuation. The fact that the aircraft must be
evacuated immediately is disturbing enough in its own right, but in the
presence of other phenomena such as fire, smoke, sparking, etc., the
whole situation becomes extremely tense and likelihood for accidents
significantly increases. Generally, evacuation from a landed aircraft can
be realized by emergency exits which can be equipped with stairs,
emergency slides and emergence ropes (SKY Bary, 2022).

Therefore, for safe and effective evacuation, it is very important to
know which evacuation strategy to apply in different situations: in which
direction to go, which exit to choose, how fast to go in order to avoid the
jams and crowds, etc. In a situation such as force landing or a bomb
threat, these tasks can be very hard to realise because of the presence
of many different factors such as fear, stress, panic, lack of time, etc. It
would be thus best to somehow predict as many potential scenarios as
possible and calculate potential evacuation times. All of this is possible
with the use of simulation software. So, this paper was written to show
the advantages of simulation software use in the prediction of
evacuation. The main motive and the aim of evacuation is to save human
lives. The most important advantages of simulation software use are to
calculate times needed for evacuation from aircraft in different situations
and scenarios and predict a lot of potential situations and scenarios in a
safe, inexpensive and effective way. The number of all potential
scenarios is huge and it is almost impossible to predict all potential
scenarios, but with use of simulation software a lot of scenarios can be
realized and analysed so that the knowledge and results gained in that
way generally significantly improve a degree and efficiency of
evacuation. The main contribution of this work is in prediction - in
determining the best evacuation scenarios for occupants in some real
situations by using simulation software. The use of the simulation
software method for predicting evacuation is still a novelty and a method
not used enough for determining evacuation scenarios and calculating
evacuation times. The use of simulation software is safe for human lives
because real occupants are not involved. It is also very cost-effective
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because it does not require the use of different material resources. And,
of course, it is very precise because simulation software uses checked
algorithms for calculations with the influences of many different factors
(speed of occupants, stairs dimensions, number of occupants, etc.).

Pathfinder simulation software

The main method used in this paper was the simulation method.
Although computer-based simulations have been used in last 20-25
years, it is still a method not often used (Galea et al, 1998). Simulation is
possible by the use of proper simulation software, called Pathfinder
software, version 2021. There are very important reasons for simulation
software use in evacuation. Safety is above all. It would be almost
impossible in reality to design and test evacuation scenarios without
accidents and even victims and material resources destruction. Then
comes accuracy. The software of this kind shows a great degree in
precision and accuracy. In addition, the time needed for calculating the
whole simulation is significantly shorter than the time needed for a
simulation without simulation software.

This powerful simulation software provides simulations of people
moving along various passageways such as stairs, elevators, or ramps
with different speeds of occupants. There are two different simulation
modes: a so-called SFPE mode and a steering mode. One of very
important characteristics of this software is to ,import* files from other
programs which significantly increases the compete simulation process
because in that case it is not necessary to draw the environment
(Thunderhead, 2017; Jevti¢, 2021).

Simulation model

The aircraft simulation model was designed in the Pathfinder
simulation software based on the aircraft real dimensions. The simulated
aircraft was A 321. There are different versions of this aircraft. The
simulated version was based on the following dimensions: overall length
44.51 m, cabin length 34.44 m, maximum seating places 220, fuselage
width 3.95 m, maximum cabin width 3.7 m and wing span 35.8 m. The
complete interior was designed to imitate the real aircraft (seats,
compartments, etc.). The complete number of persons/occupants in the
aircraft was 228. This number also included three members of the pilot
crew and five members of the flight attendant crew (Airbus Aircraft,
2022).
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The evacuation from the aircraft was simulated with two different
scenarios: using ordinary stairs for passengers and using emergency
slides. For the first scenario, there were three different simulations
realized: with one front door opened, with two doors opened (the front
and the back ones) and with three doors opened. All used doors in
simulations for this scenario were on the same side of the aircraft.
Although there are four doors on both sides of the aircraft, in real
situations at airports, mostly one or two entry/exit doors with stairs are
used. The speeds of passengers/occupants were 0.2 m/s, 0.3 m/s, 0.4
m/s, 0.5 m/s, 0.75 m/s, 0.95 m/s and 1.15 m/s. These speeds were
chosen because of the lack of space in the aircraft for bigger speeds and
the existence of seats and a narrow aisle in the middle of the aircraft.

For the second scenario, there were eight different cases simulated.
The first case involved all eight doors opened; the second case involved
one door closed and seven doors opened; the third case involved two
doors closed and six doors opened; the fourth case involved three doors
closed and five doors opened; the fifth case involved four doors closed
and four doors opened; the sixth case involved five doors closed and
three doors opened; the seventh case involved six doors closed and two
doors opened, and the eighth case involved seven doors closed and one
door opened. For each of seven cases, the emergency slides were used.
The speeds of passengers/occupants were 0.2 m/s, 0.3 m/s, 0.4 m/s, 0.5
m/s, 0.75 m/s, 0.95 m/s and 1.15 m/s in the plane, while the emergency
slide speed was 1 m/s.

The first case involved (£)=1 possibility for every speed of

passengers/occupants. The second case involved (%)=8 different
possibilities for every speed of passengers/occupants. The third case
involved  (£)=28  different  possibilities for every speed of

passengers/occupants. The fourth case involved (£)=56 different
possibilities for every speed of passengers/occupants. The fifth case
involved (5)=70 different possibilities for every speed of

passengers/occupants. The sixth case involved (£)=56 different
possibilities for every speed of passengers/occupants. The seventh case
involved  (£)=28 different possibilities for every speed of

passengers/occupants. The eighth case involved (Z)=8 different

possibilities for every speed of passengers/occupants. The doors with
emergency slides were marked with numbers from 1 to 8. The exit doors
also have the same marks.
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The simulation model of the A 321 aircraft with its interior is
presented in Figure 2 in Pathfinder software while the emergency slides
of the aircraft marked with numbers from 1 to 8 are presented in Figure 3.
Many details in figures could be visible if the HIDE function were not
activated.

Figure 2 — The simulation model of the A 321 aircraft with its interior, Pathfinder

presentation
Puc. 2 — ImumauyuoHHasi Mmodesnb camoniema A 321 ¢ e20 UHMepPbLEPOM, rpe3eHmayusi
Pathfinder
Cnuka 2 — CumynayuoHu modern asuoHa A 321 ca yHympauwrowhy y npeseHmauyuju
Pathfinder
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Figure 3 — Emergency slides of the aircraft marked with numbers from 1 to 8
Puc. 3 — AsaputiHbie 8bix00bl camonema o0603Ha4yeHb! yugppamu om 1 o 8
Cnuka 3 — U3nasu y criyqajy esakyauyuje u3 aguoHa, o3Ha4yeHuU 6pojesuma 00 1 0o 8

Simulation results

All simulation results for this paper were realized on a laptop Dell
Latitude, with Intel® Core™ i7-1185G7 (4 Core, 12M cache, base
3.0GHz, up to 4.8GHz, vPro) processor and 16 GB of RAM memory. It is
recommended to use a computer with ,strong“ hardware support for work
with simulations.

Some simulation moments are presented in Figures from 4 to 7,
while the simulation results are given in Figures 8 to 25.

Because of a huge number of realised simulations and the paper
limitations, only the results for the fastest and the slowest possibilities for
every case of the second scenario were presented.

Figure 4 — Simulation moment for the second case of the first scenario at 170 seconds
after the start of the simulation
Puc. 4 — MomeHm umumauuu 0py2020 criy4asi 1o nepeomy cuyeHapuro yepe3 170 cekyHO
rocne Ha4yana umumayuu
Cnuka 4 — TpeHymak cumynayuje 3a Opyau cry4aj npeoe cueHapuja rnocne 170 cekyHOu
00 noyemka cumynauyuje
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Figure 5 — Simulation moment for the third case of the first scenario at 88 seconds after
the start of the simulation
Puc. 5 — MomeHm umumayuu mpembe20o criy4as rno rnepeomy cueHapuro yepes 88
cekyHO nocre Ha4dana umumauuu
Cnuka 5 — TpeHymak cumynayuje 3a mpehu crniyyaj npeoe cuyeHapuja rnocrne 88 cekyHou
00 rnnoyemka cumynauuje

Figure 6 — Simulation moment for the seventh case of the second scenario after 130
seconds after the start of the simulation
Puc. 6 — MomeHm umumayuu cedbMOo20 Criyqasi no 8mopoMy cueHaputo Jepes 130
ceKyHO nocrie Ha4yana umumayuu
Cnuka 6 — TpeHymak cumynayuje 3a ceOmu cnydaj Opyeoe cyeHapuja nocrne 130
cekyHOU 00 rnoyemka cumyrnauyuje

Figure 7 — Simulation moment for the fourth case of the second scenario after 28 seconds
after the start of the simulation
Puc. 7 — MomeHm umumauyuu 4emeepmozo criydasi o 8MmopoMy cuyeHapuro yepes 28
ceKyHO nocre Ha4yana umumayuu
Cnuka 7 —TpeHymak cumynauyuje 3a yemepmu cry4yaj Opyaoe cueHapuja rocrne 28
cekyHOU 00 rnoyemka cumynayuje
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250 )
m/s
00 4 m/s
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150 75 m/s
95 mv/s
100 15 m/s
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1000 1200
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Figure 8 — Simulation results for the first case of the first scenario

Puc. 8 - Peaynbmambl MOOeﬂU,DOGaHUFI rnepeoco criyyasd rio rrepeomy cueHapuro

Criuka 8 — CumynayuoHu pesynimamu 3a fpeu ciyyqaj npeoe cueHapuja

Number of occupants 0.2 m/s
250 .
0.3 m/s
200 0.4 m/s
m/s
150 .75 m/s
95 m/s
100 15 m/s
50
0]
0 100 200 300 400 500 600

Time [s]

Figure 9 — Simulation results for the second case of the first scenario

Puc. 9 — Peaynbmambi MOdesiupo8aHUsi 8MmMopoeo Criy4asi Mo rnepeomMy cueHapuro

Cnuka 9 — CumynayuoHu pesynmamu 3a Opyau crydyaj npeoe cyeHapuja

MNumber of occupants

250

m/'s

0.
0.

m/'s

noh W

100 200 300 400 500
Time [s]

Figure 10 — Simulation results for the third case of the first scenario

Puc. 10 — Pesynbmambl MoOeniupogaHusi mpembe20 Crly4yasi 1o nepeomy cueHapuro
Cnuka 10 — CumynayuoHu pedynmamu 3a mpehu criydaj npeoe cueHapuja
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250
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Figure 11 — Simulation results for the first case of the second scenario
Puc. 11 — Pe3ynbmambl MOOEIUPO8aHUs ep8oeo Ciiy4asi 1o 8MopoMy CUeHapuio
Cnuka 11 — CumynayuoHu pe3ynmamu 3a fpeu criy4aj Opyeoe cyeHapuja

Number of occupants 0.2 nv's
250 .
0.3 mv/s
00 -4 m/s
5 m/s
150 75 m/s
95 m/s
100 15 m/s
50
0
(o] 20 40 60 80 100 120
Time [s]

Figure 12 — Simulation results for the fastest times of the second case of the second
scenario
Puc. 12 — Pe3ynbmamasi MOOesiupogaHusi ckopelileao epeMeHU 8Mmopoao cydas o
8mopomy cueHapuro
Cnuka 12 — CumynayuoHu pesynmamu 3a Hajbpxa epemeHa Opyzoe ciy4yaja Opyzo2
cuyeHapuja

™Number of occupants
250

200

Time [s]

Figure 13 — Simulation results for the slowest times of the second case of the second
scenario
Puc. 13 — Pe3synbmambl MOOeiuposaHusi camo2o MedsieHHO20 8peMeHU 8MOpPo20
Crydasi o 8mopoMy CUEHapuro
Cnuka 13 — CumynayuoHu pe3ynmamu 3a Hajcriopuja epemeHa dpyaoe criyqaja Opyeoe
cueHapuja
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Figure 14 — Simulation results for the fastest times of the third case of the second
scenario
Puc. 14 — Pe3synbmambl MOOeupo8aHusi ckopelilue2o epeMeHuU mpembe20 criy4Yas o
8mopomy cueHaputo
Cnuka 14 — CumynayuoHu pe3ynmamu 3a Hajbpxxa epemeHa mpehee crnyyaja dpyzoez
cuyeHapuja

™Number of occupants
250

200
Time [s]

Figure 15 — Simulation results for the slowest times of the third case of the second
scenario
Puc. 15 — Pe3ynbmambi MoOesiupogaHusi caMo2o MeOrieHHO20 8PEMEHU 8MOpPO20
Cryyasi o 8mopoMy cueHaputo
Criuka 15 — CumynayuoHu pesynimamu 3a Hajcriopuja epemeHa Opyaoe criydaja opyaoe
cuyeHapuja

Number of occupants
250

0.2 m/s
0.3 m/s

0.4 m/s

200
0.5 mv/s

0.75 m/s
0.95 mv/s

1.15 m/s
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Time [s]

Figure 16 — Simulation results for the fastest times of the fourth case of the second
scenario
Puc. 16 — Pe3ynbmambl MOOeIUpo8aHUsi CKopelilue2o 8peMeHU Yemaepmoeo criy4asi rno
8MoOpOoMy CUEHaputo
Cnuka 16 — CumynayuoHu pe3ynmamu 3a Hajopxxa epemMeHa 4emepmoe criy4daja dpyao2
cueHapuja

982
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Figure 17 — Simulation results for the slowest times of the fourth case of the second
scenario
Puc. 17 — Pe3ynbmambi ModeniupogaHusi camMo2o MeOrieHHO20 8peMEeHU Yemeepmoao
cry4asi o 8mopoMy CUEHapuUro
Cnuka 17 — CumynayuoHu pe3ynmamu 3a Hajcriopuja epeMeHa 4emepmoea ciiy4yaja
Opyezoe cuyeHapuja

MNumber of occupants 0.2 m/s
250 -
3 mrs
500 4 m/s
5 my's
150 .75 m/s
95 m/s
100 .15 m/s
S0
8]
(8] 50 100 150 200
Time [s]

Figure 18 — Simulation results for the fastest times of the fifth case of the second scenario
Puc. 18 — Pe3ynbmambi MoOesiupo8aHusi CKopelweao 8peMeHU simoao criy4Yas ro
8mopomy cueHaputo
Cnuka 18 — CumynayuoHu pe3ynmamu 3a Hajbpxa epemeHa nemoe cry4yaja opyzoa
cuyeHapuja
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e 9
[N
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200
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Time [s]
Figure 19 — Simulation results for the slowest times of the fifth case of the second
scenario
Puc. 19 — Pe3ynbmamabi MoOesiupogaHusi camo20 MeO/IeHHO20 8PEMEHU MSIMO20 Crlyvasi
10 8MOpPOMY CUEHapuro
Cnuka 19 — CumynayuoHu pe3ynmamu 3a Hajcriopuja epemeHa nemoe criy4yaja opyzoa
cuyeHapuja
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Figure 20 — Simulation results for the fastest times of the sixth case of the second
scenario
Puc. 20 — Pe3ynsmambi MoOenuposaHusi CKopeliuieao 8peMeHu Wecmoeo cryYasi rno
8MopoMy CUEHaputo
Crnuka 20 — CumynayuoHu pesynmamu 3a Hajbpxa epeMeHa wecmoe criyyaja opyeoe
cueHapuja
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95 m/s
100 1.15 mv/s

50

N [¢] 50 100 150 200 250 300
Time [s]
Figure 21 — Simulation results for the slowest times of the sixth case of the second
scenario
Puc. 21 — Pe3ynsmambi MoOenuposaHusi camMo2o MeOIeHHO20 8pEMEHU WECMO20
Criy4asi o 8mopoMy CUEHapuro
Cnuka 21 — CumynayuoHu pe3ynmamu 3a Hajcriopuja epemeHa wiecmoe crydaja dpyzoe
cueHapuja
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Figure 22 — Simulation results for the fastest times of the seventh case of the second
scenario
Puc. 22 — Pe3ynbmamsl MoOenupogaHusi ckopeliez20 epemeHu cedbMo20 cry4yas ro
8MopoMy CUeHaputo
Cnuka 22 — CumynayuoHu pe3ynmamu 3a Hajbpxxa epemeHa ceOmoe criy4daja dpyao2
cuyeHapuja
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Figure 23 — Simulation results for the slowest times of the seventh case of the second
scenario
Puc. 23 — Pe3ynbmamabi MoOesiupogaHusi camoz2o MedrieHHO20 8peMeHU ceObMO20
Crlyyqasi o 8mopoMy cueHapuio
Crnuka 23 — CumynayuoHu pesynimamu 3a Hajcriopuja epemeHa cedMoe criyqaja dpyeoe

cuyeHapuja
Number of occupants 0.2 m/s
250
0.3 mvs
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Figure 24 — Simulation results for the fastest times of the eighth case of the second

scenario
Puc. 24 — Pe3ynsmambi MoOeniupogaHusi CKopeliuiezo 8peMeHU 80CbMO20 Crly4asi 1o
8MopoMy CUEeHapuio
Cnuka 24 — CumynayuoHu pe3ynmamu 3a Hajbpxxa epemeHa ocMoe criy4daja dpyao2

cuyeHapuja
MNumber of occupants 0.2 mv/s
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200 -4 1m .7-
.5 /s
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50
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Figure 25 — Simulation results for the slowest times of the eighth case of the second

scenario
Puc. 25 — Pesynbmambl MoOenupogaHusi camoeo MedrieHHO20 8peMeHU 8mopoeo
Crly4asi o 8mopoMy cueHaputo
Cnuka 25 — CumynayuoHu pe3ynimamu 3a Hajcriopuja epeMeHa 0cMo2 criyqaja Opyaoe
cuyeHapuja
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Analysis of the results

The total number of realised simulations was 255. The first scenario
involved evacuation from the aircraft but with the use of ordinary stairs,
for noted speeds of passengers/occupants. The second scenario
involved evacuation with the use of emergency slides. Because of eight
doors with eight emergency slides, every potential combination of
opened/closed doors was simulated. Of course, due to the paper
limitations, only the fastest and the slowest possibilities of seven cases of
the second scenario were presented (the first case of the second
scenario had only one possibility).

The realized results for the first scenario showed that the longest
time needed for a complete evacuation of the aircraft was for the case
where one door was opened and one staircase in use, for the
passengers/occupants’ speed of 0.2 m/s and it was 1137.4 seconds
(Figure 8). The shortest time needed for a complete evacuation of the
aircraft was for the case where three doors were opened and three stairs
in use, for the passengers/occupants' speed of 1.15 m/s and it was 132.4
seconds (Figure 10). These times are in line with similar calculated and
realised times on other similar aircraft types.

There were a lot of potential possibilities needed for some cases
from the second scenario, such as the second, the third, the fourth, the
fifth, the sixth and the seventh possibility. Because of the paper size
limitations, only the fastest and the slowest possibility for every of the
noted cases of the second scenario would be presented. It was
necessary to analyse this huge number of potential possibilities in order
to comprise all potential cases.

There was only one possibility for the first case of the second
scenario where all available doors/exits were opened. The shortest time
needed for a complete evacuation of the aircraft was for the
passengers/occupants' speed of 1.15 m/s and it was 42.9 seconds. The
longest time needed for a complete evacuation of the aircraft was for the
passengers/occupants’ speed of 0.2 m/s and it was 122.7 seconds
(Figure 11).

There were eight possibilities for the second case of the second
scenario. The shortest time needed for a complete evacuation of the
aircraft was for the passengers/occupants’ speed of 1.15 m/s and it was
46.6 seconds, when the third or the fourth or the fifth or the sixth door
was closed (Figure 12). The longest time needed for a complete
evacuation of the aircraft was for the passengers/occupants' speed of 0.2
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m/s and it was 134.7 seconds, when the first or the second doors were
closed (Figure 13).

There were twenty-eight possibilities for the third case of the second
scenario. The shortest time needed for a complete evacuation of the
aircraft was for the passengers/occupants' speed of 1.15 m/s and it was
48.8 seconds, when the first and the seventh doors were closed (Figure
14). The longest time needed for a complete evacuation of the aircraft
was for the passengers/occupants' speed of 0.2 m/s and it was 178.9
seconds, when the third and the sixth doors were closed (Figure 15).

There were fifty-six possibilities for the fourth case of the second
scenario. The shortest time needed for a complete evacuation of the
aircraft was for the passengers/occupants' speed of 1.15 m/s and it was
64.8 seconds, when the second, the fourth and the seventh doors were
closed (Figure 16). The longest time needed for a complete evacuation of
the aircraft was for the passengers/occupants' speed of 0.2 m/s and it
was 191.3 seconds, when the third, the fourth and sixth doors were
closed (Figure 17).

There were seventy possibilities for the fifth case of the second
scenario. The shortest time needed for a complete evacuation of the
aircraft was for the passengers/occupants' speed of 1.15 m/s and it was
79.4 seconds, when the second, the fourth, the sixth and the seventh
doors were closed (Figure 18). The longest time needed for a complete
evacuation of the aircraft was for the passengers/occupants' speed of 0.2
m/s and it was 221.6 seconds, when the third, the fourth, the fifth and the
sixth doors were closed (Figure 19).

There were fifty-six possibilities for the sixth case of the second
scenario. The shortest time needed for a complete evacuation of the
aircraft was for the passengers/occupants' speed of 1.15 m/s and it was
100.8 seconds, when the second, the fourth, the sixth, the seventh and
the eighth doors were closed (Figure 20). The longest time needed for a
complete evacuation of the aircraft was for the passengers/occupants'
speed of 0.2 m/s and it was 276.2 seconds, when the third, the fourth,
the fifth, the sixth and the seventh doors were closed (Figure 21).

There were twenty-eight possibilities for the seventh case of the
second scenario. The shortest time needed for a complete evacuation of
the aircraft was for the passengers/occupants' speed of 1.15 m/s and it
was 127.5 seconds, when the second and the fourth doors were opened
(Figure 22). The longest time needed for a complete evacuation of the
aircraft was for the passengers/occupants' speed of 0.2 m/s and it was
348.25 seconds, when the first and the second doors were opened
(Figure 23).
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There were eight possibilities for the eighth case of the second
scenario. The shortest time needed for a complete evacuation of the
aircraft was for the passengers/occupants’ speed of 1.15 m/s and it was
208.5 seconds, when the third door was opened (Figure 24). The longest
time needed for a complete evacuation of the aircraft was for the
passengers/occupants’ speed of 0.2 m/s and it was 376.65 seconds,
when the second door was opened (Figure 25).

It is very important to note that the speeds of passengers/occupants
were the same for all of the realised simulations, which is almost
impossible in real situations because of a lot of factors such as fear and
panic, different anatomy, positions, group and individual behaviour and
many others. As an example, fear and panic can have a significant
influence on human behaviour in terms of disorder and confusion, which
directly implies an increase in evacuation time, accidents and even death
epilogues (Kady & Davis, 2009; Deng, 2016).

In comparison to other similar papers, it is important to add that the
realised simulation results were in line with similar realised simulation
results, although the jam effect on a complete evacuation times has not
been taken into account. In comparison with similar simulations realised
in the simulation model of the Airbus A330-300 aircraft, the evacuation
times were shorter in cases when several doors/exits were available
(42.9 to 48.8 seconds against 50 to 59 seconds). These results were
expected because the Airbus A330-300 has 285 passengers (Choochart
& Thipyopas, 2020). Also, in the comparison with similar scenarios
realised on the SSJ-100 aircraft, similar results were expected and
realised, taking into account all potential differences between scenarios
and aircraft with slight differences (79.4 seconds against 92 seconds)
(Suharev et al, 2020). Moreover, it is very important for an evacuation
strategy and evacuation times to know the cause for an evacuation (fire,
bomb threat, forced landing, fumes, etc.).

Conclusion

The results realised in this paper showed the evacuation times for
two different scenarios with the use of stairs and emergency slides. The
use of simulation software in the solutions of evacuation problems is of
great significance. The most important advantages of simulation software
use in evacuations are efficiency, cost-effectivenesss and safety. For
some situations, of course, it is almost impossible to determine all
potential evacuation routes and to calculate all evacuation times, but,
with the use of this software, it is possible to calculate evacuation times
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for different evacuation routes and for different speeds of occupants.
Also, it would be almost an impossible task to create a real model of the
aircraft and test all potential scenarios with real humans as passengers
with different speeds in a safe, precise and inexpensive way.

The main contributions of this paper are in calculating evacuation
times for different speeds of passengers/occupants and in determining
which combinations of opened/closed doors/exits are the most effective.
In case that an aircraft must land immediately, many failures can occur
S0 passengers cannot use all predicted exits. Therefore, it would be very
useful in some real situations for passengers and crew members to know
how to behave, organise and where and how fast to go in order to leave
the aircraft in the fastest and safest way.

Future investigations would be directed towards calculations of
evacuation times and predictions of evacuation routes with the presence
of children, immobile or hard mobile persons, crowd and jams potentials
and consequences, etc inside the aircraft. These calculations and
simulations will provide proper evacuation strategies and precisely
calculate potential evacuation times even in these cases, taking into
account all potential factors (speed of hard mobile or immobile persons,
dimensions of wheelchairs, etc).

Simulation software in evacuation presents a very important
engineering tool with important advantages and its use for complex
evacuation problems is mandatory.
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OBAKYALINA MACCAXNPOB N3 COBEPLUMBLLUEIO NMOCAOKY
CAMOIJIETA

Padoe b. EBTUY

OnekTpoTexHu4eckmin TexHnkym «Hukona Tecnay,
r. Huw, Pecny6bnuka Cepbus

PYBPUKA TPHTW 73.37.17 Be3onacHOCTb NOMETOB BO3AYLUHbIX Cy40B
73.01.92 MNMoxapHasi 6e3onacHOCTb
BWO CTATbW: opurmHanbHasa Hay4yHas cTaTtbs

Pesrome:

BeedeHue/uens: Camonemsl 6/1510mcsi OOHUM U3 caMbIX Oy nsipHbIX
u 6esonacHbix 8udo8 mpaHcriopma. Ho Hecmompsi Ha mo, 4mo
peaynsapHO npednpuHUMaomcs pas/udyHble Mepbl 6e3onacHocmu,
Hec4acmHble crlyqau ece xe criydatomcs. Ecnu camonem kakum-mo
obpazom npoussen rnocadKy, He3asUCUMO OmM CMmeErneHuU 2o
rnospexdeHus, enasHou 3adadel siensgemcsi bbicmpas u be3onacHas
38aKyayusi naccaupos U3 camosiema. 3eaKyayusi Mnaccaxupos
s6519emcsi O4eHb CJIOXKHOU U omeemcmeeHHOoU 3adavell 8 cusy
pasnuyYHbIX ¢hakmopos, Makux Kak cmereHb roe8pexo0eHus, Hanu4ue
02HSl, CKOpOCMb raccaxupos, rnaHuka, cmpax u np. [loamomy
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upessbidaliHo  8aXHO  MpedycMompems  B803MOXHbIE  CrlOCObbI
3saKyayuu, 603MOXHble cmpameauu U Mapwpymsbl 38akyauyuu.
CocmosiHue npusemnueuwiezocsi camosiema moxem Obimb pPasHbIM,
nosmomy Heobxodumo npouszgecmu bbicmpyto U be3onacHyro
38aKyayuro naccaxupos.

Memodbi: B daHHoU cmambe 051 pacdema Heobxodumo20 8peMeHU
38aKyayuu U 803MOXHbIX Mapuwpymos 3gaKyauuu rpuMeHeH mMemoo
umMumauyuoHHoeo modesnuposaHusi. ModenuposaHue npoeoousiock 8
rnpozpamme 0Ond  MOOenUpoBaHUs 3eaKyauuu 8 4pe3ebidalHbiX
cumyauusix Pathfinder.

Pesynbmamesi: WccrnedosaHue rnposedeHO Ha coomeemcmsyroujeli
umumauyuoHHol mModesniu camosiema ¢ mpanamu U 38aKyauyUuOHHbIMU
eopkamu. Pesynbmambl uccriedosaHusi rokasanu epemsi 3sakyauuu
no 0s8yM pasHbIM CUeHapusiM, C y4emoMm pasfiuyHol cKopocmu
peazuposaHusi Maccaxupos.

Bbigodbl:  Mcnonb3osaHue — npoepaMMHO20 — obecriedeHuss  Ons
modenuposaHuUsi  38aKyauyuu  sensemcss  eecbMa  3hPEKMUBHbIM
criocobomM € mMoO4YKu  3peHuss beszormacHocmu, cmoumocmu U
npedckazyemocmu. Amom murl fpoepaMmMHO20 0becreyeHus sesemcs
06513amesibHbIM UHXEHEPHbIM UHCMPYMEHMOM Orsi 3¢hghbeKmueHo20 U
MOYHO20 PEeLeHUs 38aKyalyUOHHbIX U aHario2u4HbIx 3aday. Llesib daHHOU
cmambu 3akmodaemcss 8  fpedcmassieHUU B03MOXHbIX CUeHapues
38aKyayuu naccaxupos u3 cosepuiuslue2o rnocadky camornema.

Knrodeebie criosa: agakyauusi, camoniem, ModesupogaHue, naccaxup.

EBAKYALIMJA MYTHUKA N3 ABNOHA HA 3EMJ/bA
Padoje b. JeBTuh
EnektpoTtexHuyka wkona ,Hukona Tecna”, Huw, Penybnuka Cpbuja

OBJIACT: aBujauuja, 6€36eHOCT 1 30paBrbe byam
KATEITOPWJA (TWIM) YINAHKA: opyruHanHu Hay4yHu pag

Caxemak:

Ye800: AsuoHu npedcmaerbajy jeOHa 00 HajkopuwheHujux U
Hajbe3bedHujux caobpahajHux cpedcmasa. Unak, u noped rpedy3umar-a
MHO2UX cu2ypHOCHUX Mepa, Hecpehe ce Odewasajy. be3 ob3upa Ha
cmeneH owmehera, YKOMUKO aBUOH unak criemu, HajeaxHuje je da ce
nymHuyu 6p3o u 6e3bedHo esakyuuwly. To je geoma KomriniekcaH U
3axmeesaH 3adamak 3602 HEKOJIUKO pasnudumux ¢ghakmopa, Kao wmo cy
cmenieH owmehersa, npucycmeo eampe, bp3uHa MymHuka, rpucycmeo
naHuke u cmpaxa umad. 3amo je seoma 8axHo Oa ce npedsude moayhu
Ha4yuHU esaKyauuje, Kao U esakyauyuoHe cmpameauje u pyme. A8UOH

991

Jevti¢, R., Evacuation of aircraft on land, pp.972-992



ﬁ‘ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2022, Vol. 70, Issue 4

Koju je criemeo Moxe bumu y pasnuyumum cmarsuma, mako 0a je 6psa u
cugypHa egaKyauuja rymHuka eeoma 8axHa.

Memode: 3a npopadyH rnompebHuUx epemeHa esakyauuje u moeyhux
esaKyauuoHux pyma KopuwheH je cumynayuoHu memod. Cumynayuje cy
pearsnusosaHe y cumysayuoHom cogpmeepy Pathfinder.

Pesynmamu: Pe3synmamu ooz pada peanu3osaHu cy Ha odzoeapajyhem
cumynayuoHoMm Mmodesly asuoHa ca cmerneHuyama u moboeaHuma U
rokasasnu cy esakyauyuoHa epeMeHa 3a 08a pasfuduma cueHapuja, 3a
pasnuyume 6p3uHe rymHuKa — oKynaHama.

Sakrbyyak:. Yrnompeba cumynayuoHoz cogpmeepa y esakyauyUuOHUM
cumyauyujama eprio je egpukacHa. Oea epcma coghmeepa je cuzypHa,
jecbmuHa u uma moeyhHocm npedsuhara. [lpedcmaerba obasesaH
UHXEHEPCKU anam 3a equkacHuje U rpeyusHuje pewasar-e
esaKyauuoHUX U CIIUYHUX rpobrema.

KrbyuHe peuu: egakyayuja, asuoH, cumynauyuja, rnymHuk.
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Abstract:

Introduction/purpose: Starting from the Hamiltonian an alternative de-
scription of quantum mechanics has been given, based on the sum of all
possible paths between an initial and a final point.

Methods: Theoretical methods of mathematical physics. Integral method
based on the path integral.

Results: The method and concepts of the path integral could be applied
to other branches of physics, not limited to quantum mechanics.

Conclusions: The Path Integral approach gives a global description of
fields, unlike the usual Lagrangian approach which is a local description
of fields.

Key words: path integral, quantum mechanics, quantum field theory.

Path integral

The standard formulations of quantum mechanics, developed by
Schrodinger, Heisenberg and others in the 20-ies, have shown to be equi-
valent to one another soon thereafter.

In 1933, Dirac (Dirac, 1933) made the observation that the action plays
a central role in classical mechanics — he considered the Lagrangian formu-
lation of classical mechanics to be more fundamental than the Hamiltonian
one, but it seemed to have no important role in quantum mechanics as it
was known at the time. He arrived at the conclusion that the propagator
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in quantum mechanics “corresponds to” e(i/™S5 where S is the classical
action evaluated along the classical path.

In 1948, Feynman developed Dirac’s suggestion (Feynman, 1948), and
succeeded in deriving the third formulation of quantum mechanics, based
on the fact that the propagator can be written as a sum over all possible
paths, not just the classical one, between the initial and final points (Feyn-
man, 1950, 1951). Each path contributes (/"5 to the propagator. So
while Dirac considered only the classical path, Feynman showed that all
paths contribute: in a sense, the quantum particle takes all paths and the
amplitudes for each path add according to the usual quantum mechanical
rule for combining amplitudes.

This discovery remains valid even for relativistic quantum mechanics,
represented by quantum field theory. While the usual Lagrangian approach
is a local description, the path integral approach corresponds to a global
description of fields, being integrated over all possible configurations.

Young’s experiment

Suppose to create a Gedankenexperiment inspired by the original
Young'’s two slit diffraction experiment (Feynman & Hibbs, 1965). A source
S emits non classical particles (for instance, electrons) that end on a de-
tector sited in O. In between, there is a screen with two slits, A; and As.
The source emits particles at the time ¢ = 0 that are detected at the time
t = T. From quantum mechanics, we know that because of the superpo-
sition principle, the amplitude of particle detection is obtained by summing
over all possible amplitudes, that is, the amplitude of travelling through the
slit A; to O, and the amplitude of travelling through the slit A5, namely

2
A(Starting from S, detected at 0) = > A(S = 4, > 0), (1)
i=1

and of course one sums over different A;s when having more slits than two.
Add now another screen between A and O, with slits B;. Then another
one between B and O with slits C; and so on. We have to add all these
intermediate steps, so in the limit of infinite screens with the infinite number

of slits we have the relation

A(From S detected at O travelling in the time T') =
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Z A(S — O in the time T for a particular path) , (2)
path

so we have to sum over all possible paths that start from S and end in O in
the time T.

We shall now fully translate eq. (2) in the quantum mechanics language.
Remember that the Hamiltonian H is the generator of time translations, so
the amplitude to propagate from an initial point ¢; to a final point ¢z in a
time T is given by

(qr e | qr) . (3)

Dirac suggested, and Feynman first used eq. (3) to obtain an expression
for eq. (2) by splitting each path into infinitesimal elements and then taking
the continuum limit.

Divide the time T in N parts each lasting ¢t = T//N, then eq. (3) could
be rewritten as

(qr e TH| qr) = (qr ‘efizStHefi&tH eI gy (4)

the term ¢~ being repeated N times. Now use the fact that |¢) is a
complete set of states, thatis, [dq/(27)'/? |¢)(¢| = 1, and insert 1 between
every exponential factor exp(—idtH):

(qr e qr) =
Aﬁ/d% <QF‘€_i6tH‘QN—1><QN—1 ’e‘i“H’qzv_z>---
o) Ve
(aa |7 | 1) qy e 1) (5)

Feynman'’s formulation of quantum mechanics

The key ingredient of eq. (5) is the factor (g1 |e~**| ¢;). From quan-
tum mechanics we know the explicit form of the Hamiltonian function,

A2

_ P 5
H= 24 V(i). ®)

where p, ¢ are the usual operators with eigenspace p|p) = plp), ql¢) =
q|q). Since the spaces ¢ and p are connected via a Fourier transformation,
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they have the property that (¢|p) = ¢4, (p|q¢) = e~4, and the p space is
complete as well as the ¢ space: [dp/(27)'/? |p)(p| = 1 . From the explicit
form of the Hamiltonian (6),

. e » .
" i0tH _ e i0tp /Qme 0tV (§)

; (7)

and by a judicious insertion of factors 1 coming from the completeness of
the ¢ and p spaces we find

(gj+1 ‘e_iétH‘ ;) =
% / dq / dp (g1 ’e*i‘”’?/ 2’”’ p)(p 6*i5tv(‘§)‘ a)al g;) - (8)
Itis clear that for any function f, f(¢)|q) = f(¢)|q) and f(p)|p) = f(»)Ip)

because it is acting on eigenstates. Therefore, we could drop the symbol
of the operator in eq. (8) and write

<Qj+1 ‘e—i&H‘ QJ> —
1 —i8tp?/2m —i
o~ /dq /dpe otp*/2m =18tV (@) (0. | p)(p | g){q| gj) =
/ dg / dp o010 /2m =BV (@) iy g =ipa g (g _ )

e~ 0tV (a5) /dp e~ 10tp?/2m ip(d541—45) (9)

We could readily recognise that the last integral over p is Gaussian and
can be solved with the aid of eq. (57) of (Fabiano, 2021a):

(gj+1 ‘e_i&H‘ q) =

o\ 1/2
o0tV (g;) /dp o~ 10tP?/2m Lip(q;41—4;) — ,—i6tV ;) <_2mm> y
ot

o\ 1/2
e[im(qj+1—qj)2}/25t _ e—iStV(qj) <_2g”m> eiét(m/?)[(%+1—q1)/5t}2 ) (10)
t

Putting this result into eq. (5) gives us

(ar e | ar) =
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N/2 N-1

(—27”'7”> 11 / dg; /D S ) V@)Y (qq)
=0

ot

where qo = ¢; and gy = gr. We can now go to the continuum limit, that is,
§t — 0 or N — +o0, SO we can replace [(g;+1 — g;)/6t]? with ¢* and sums
with integrals.

A very important definition is the integral over paths:

—omim\ V2 ¥
/Dq“) = Nlirfoo< 5t ) 1 /d% ’ 12)
j=0

where the D symbol means that one has to integrate over all possible paths
q(t) with fixed start and ending points, ¢(0) = ¢y and ¢(T') = qr. Itis a
functional integration.

We have thus obtained the so called path integral representation for the
amplitude:

(ar | i) = [Daft) iV [y i cnd - (13)

Comparing both sides of eq. (13), one could notice that starting from the
Hamiltonian we have naturally ended up with the Lagrangian. In classical
mechanics, the action S is defined starting from the Lagrangian as S(q) =
fOTdt L(q,q), and is a functional of ¢(t). By restoring Planck’s constant &
and by dropping the explicit ¢ notation for the functional measure, we could
rewrite eq. (13) as

(qr

| gr) = [Dg /S0 (14)

It is worth noticing that the quantum mechanical amplitude of eq. (14)
involves the explicit calculation of the classical action S. The path integral
is the only occurrence where the action is explicitly needed, where in all
other cases only the extremisation of the action, that is, the equations of
motion, are required.

Schrodinger equation

Our next step is to derive the Schrédinger equation by means of path
integral formalism. Since itis a differential equation we need only to find out
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the infinitesimal evolution of the wave function in time and space. Setting
the initial conditionsast; =0, ¢, = ¢, tp =t,qp. =q;dt =tandn=¢ —q
are infinitesimal. The time and space evolution for the wave equation from
the point (0, ¢) to the point (¢, t) is given by

—+00
¥(g,t) = / dq' K(g,t;¢',0)9(q’,0) , (15)
where K is the evolution amplitude with proper normalisation, as || =
1. From eq. (10), we have the explicit form for a propagation amplitude
between two points, so restoring & we can write

oy — (Y2 sta{m/2)la-a) /802 -V(a)}
K(q.6t:q,0) = (5= ) e . (18)

By changing the integration variable to n = ¢’ — ¢ and reinserting eq. (16)
into eq. (15), we obtain

mo\Y2 [T st n ] m/ 2 52—V (g}
v = (5i) [ ane Hen o an

Now, we have two infinitesimal quantities, n and 6t. Because of the
speed of light, we have the limit /6t < 1 and both are infinitesimals of the
same order. So we can expand the potential and the wave function at the
same time

o-iot/nV(gin) _q _ ;0 [V(g) +nV'(q) + O(*)] =

h
1%V (g) — V(@) + OGP, ) (18)
and )
(g +m) = (a,0) +n¢/(¢,0) + 50*¥" (¢, 0) + O() . (19)

Plugging Taylor expansions back in eq. (17) yields

m 1/2 [+oo o,
_ imn?/(2h6t)
96,00 = (555 / dne X

¥(g,0) — z"%vm)wm, 0) + n' (g, 0) + %n%”(q, 0)+0@6t*, %) | . (20)
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By inspection, the integral in 7 is reduced to Gaussian momenta given
in eq. (58) of (Fabiano, 2021a), where linear terms vanish because of sym-
metry. By resolving integrals, we obtain

4000 = (57) [(2”77“&)1/2 (v0.0) -5 vi@ia0) +

2mihdt m

¥"(q,0) + O(5t%)

omitiot\ V2 ihot
2m

m

B0+ 3t | 00,0~ 5V @0(a.0)| £ 06 (@)

After moving the first term (¢, 0) to Ihs and dividing it by ¢, we obtain

. i 2 2
(q,5t) — $(g,0) {_ﬁf?Q n V(qﬂ P(0,0)+ 06, (22)

ot h

and by taking the limit ¢ — 0 we obtain the time dependent Schrddinger
equation

ih

2 2
81/’(%37” _ [_ﬁag + V(q)] b(g,t) . (23)

Relativistic field theory

Instead of dealing with fixed initial and final positions ¢; and ¢r we are
often faced with specifying more general initial and final states |I) and |F').
Then we are interested in calculating (F|e~*"*|I), that can be obtained
from eq. (13) by inserting two complete sets of states

#lem = [ [dor dar (Flaedar | ad@lD . (@4

Almost always initial and final states are the same, that is, the ground
state |0). The amplitude (0|e~*T*|0) is denoted by Z,

Z = (0le""0) (25)

because Zustandssumme, that is, the “sum over states” was the original
German term for the partition function.

The path integral formalism can be extended from quantum mechanics
to continuum field theories that describe physical systems with an infinite
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numbers of degrees of freedom. Starting from ¢(¢), a 0 + 1 dimensional
case for quantum mechanics (we have just discretised the time coordinate
in section Young’s experiment) to a field theory in 1+ 1 dimensions for sim-
plicity, ¢(x,t), the procedure is completely analogue. The new step is the
space discretisation - the length L of space has to be divided in infinitesimal

parts 6z such that
L
dox = N (26)
and by denoting the coordinate as x,, = mdz, with ¢(x,,,) = ¢, for 0 <

m < N’ we can define the functional integral over the field ¢ like:

N’

=0
in complete analogy to eq. (12). The action is now of course a function of
¢ and 9,9, S(¢) = [dPx, L(¢,0,0).

An essential difference from the quantum mechanical case, however, is
that, from a mathematically rigorous point of view, the integral just defined
in eq. (27) is divergent in the continuum limit. This difficulty is obviated by
absorbing the divergence into a normalisation constant N when computing
quantities such as, for instance, the partition function of eq. (25):

Z=N / D eli/MS(@) (28)

From this expression for Z, we see that the integral in the classical limit
h — 0 is given by a phase S multiplied by a large quantity, that is, a rapidly
oscillating quantity. Mathematically, it is clear that the major contribution to
the path integral comes from fields that extremise the action, while other
configurations tend to cancel each other by symmetry. Those fields are the
ones that satisfy
95(¢)
0
and such fields are by definition classical fields ¢ that solve Lagrange
equations

=0, (29)

9 oL oL
“5(au¢cl) B 5¢cl .
To prove this statement, we will use the so-called saddle point method
or stationary phase method that applies when the integral could be writ-
ten as some exponential function. For a review on the subject, see, for

(30)




instance (Fabiano & Mirkov, 2022). We can expand the action in series to
read

525(¢cl)
dp?

where the linear term is missing by definition because the action is station-

ary. By plugging this result back into eq. (28) we have, yet another time, a

Gaussian integral in infinite dimensions that can be solved with the aid of
eq. (60) of (Fabiano, 2021a):

ﬂ@=SWM+1<

: )P 406 - 0af). (1)

‘Z_N&wwmo[”mirﬂu+omﬂ (32)
= det[S" (per)] ’

and it is clear that the exponential term is the essential contribution as 7 —
0.

Free field
We begin with the Lagrangian

L= (067 -] | (33)

that describes the so called free or Gaussian theory. The equation of mo-
tion is the well-known Klein—Gordon equation describing a relativistic bo-
son particle of the mass m

(O4+m?)p=0, (34)

where [0 = 0"0,, is the d’Alembert operator, with a plane wave solution
¢(z,1) = ei@=*7) and a dispersion relation w? = k2 + m?2. Before writing
the amplitude, it is customary to add a term like J(x)¢(x) in the Lagrangian,
where J(z) is the so-called source function whose actual form is not rele-
vant, provided integrals are convergent, as will be clear later. We have

and focussing on the action integrating by parts, and provided the fields ¢
fall off sufficiently rapidly at infinity, we could rewrite it as

/dﬁiua@Q—nﬂ&y+ww:/h# P;¢¢F+nfw2+J¢ - (36)
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By putting this new form back into eq. (35)
Z-N / D ¢t Jart {=La(C+m?)+s} (37)

one obtain once again a Gaussian integral, quite similar to the one of
eq. (57) of (Fabiano, 2021a). This time, however, a and b are not num-
bers, but matrices. Consider the generalisation of the Gaussian integral to
matrices, then we have

+oo  ptoo +oo NV N %
T s emper - [T T i
/_OO /_OO /_OO il;[ldxze _[det(A)] e . (38)

where x- A-x = z;A;;2; and J - x = J;;z;, with repeated indices summed
over. To prove eq. (38), diagonalise A by an orthogonal transformation
O:A =071 D-0, where D is a diagonal matrix with elements given
by all eigenvalues of A. This operation is always possible because A is a
definite positive matrix, otherwise the integral would not converge. Define
anew variabley = O-x, thatis, y; = O;;x;, then the exponential will reduce
to a sum of squares:

X-A-X::L‘iAijaCj:y-O_l-A-O-y:}"D'y:yiDiiyi~ (39)

The Jacobian of such transformation is 1 by definition, so eq. (38) re-
duces to a product of one dimensional Gaussian integrals, which proves
the formula for J = 0. If not a further step is needed, a variable translation
defined as y’ = y + A~1.J, which again does not change the integration
measure, dy’ = dy.

Coming back to eq. (37), the role of A is here played by the differential
operator — (O + m?). Its inverse is given by the function D that obeys

— (O +m)D(z—y) =W (= -y), (40)

because, since we are dealing with the continuum, Kronecker’s delta ¢;;
for the definition of inverse operators Aj‘,j have to be replaced by Dirac’s
delta functions §*) (x — ). The resulting function D is the well-known free
propagator for a scalar relativistic particle of the mass m, here written as
a less familiar function of the coordinates = instead of its more popular

Fourier transform.
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We end up with
Z(J) = Ce~ WA [ [dlzdy J@)D=y)I(y) = W) (41)

where D(z — y) obeys eq. (40). The overall normalisation factor C clearly
does not depend on J, but on the determinant of D which has no interest.
Observe that C = Z(J = 0) so that

Z(J)=Z(J = 0)e) | (42)

and
_ 1 / /d4xd4yJ D(z — y)J(y) (43)

is only quadratic in J, while Z(.J) depends on arbitrarily high powers of .J.

Green functions

By going in momentum space, eq. (40) is easily solvable (Schwinger,
1951). Remembering the Dirac delta function in momentum space

4 .
(e =9) = [ Mo (44)
m
one obtains A o)
d*k ety
Diw—y) = / S (45)

With the help of egs. (59) and (61) of (Fabiano, 2021a), it is possible
to obtain the explicit form for D(z) in Euclidean space. By rewriting the
denominator with eq. (61) of (Fabiano, 2021a) and computing the Gaussian
integral, we obtain

Dley= L [ Tar et -
- 2DgD/2 |, o
1 K(D—Q)/2(’37D (D—2)/2

2m) D2 |z|0-272 " 7 (46)
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where K, (z) is a Bessel function. For a half integer argument, Bessel
functions reduce to elementary functions, for example in D =1

1
- —m|z|
D(x) o€ , (47)
while for D =3 )
_ —m|z|
D(x) 747r|x]6 . (48)

Equation (46) can be used to obtain asymptotic behaviours for D(z);
one finds for |z| — 400

T 1/2 - - - —m|x
D(z) = (§> (27)~D/2| | (= D/241/D)y (D/2-3/2) =mlal (49

while for |z| — 0 we have
I _ppn(D _Dy2
D(z) = 477 r 5 1) |z for D > 2, (50)

and D
D(z) = (4m)~P/?1 (1 - 2) mP=2 for D < 2 (51)

respectively.

We shall see next the importance of the source function. From eq. (35),
we see how a functional derivative in J(x) will furnish us the expectation
value of the field. Using the fact that

J

57 W =@ -y, (52)

as per definition of a functional derivative, from Z(.J) we could obtain the
propagator, or the time ordered two point function as

"9)

It is straightforward to generalise this expression to an n—point function:

G(x1,29,...,xn) = 1"(0|Tod(x1)d(x2) ... d(zy)| 0) =
o"nZ(J)
0J(21)0J (z2) ...0J (xy)

(54)

J=0




Explicitly calculating the four point function yelds:

4
O ITole) o)l 0) = — ot S

= G(x1 — 29)G (23 — x4) + G(x1 — 23)G (22 — 24)+
G(Q?l — IE4)G(I’2 — xg) s (55)

the sum of all possible combinations of x; comes out because of the func-
tional derivative that sports also a Dirac’s delta. In this manner, we have
derived Wick’s theorem on contractions starting purely with c-numbers ex-
pressions.

Z(J) can also be written as a power series in .J. Calling

nZ(J)
0J(21)0J (x2) ... 0J (xn) | ;g

Z(")(xl,xg, ey Ty)

(56)

and noting besides the equivalence with eq. (54), we can write

+oo
Z(J):Z(]T;/.../dxl...dmn J(x1) .. T (@) 2 (@1, a) . (5T)

In this manner, we have shown that path integral formalism can rederive
all the expressions earlier known of canonical formalism without using ope-
rators algebra.

Connected graphs

When analysing Feynman graphs, there are two distinct types of dia-
grams: connected and disconnected graphs (Coleman, 1985): the latter
can be separated into two, or more, distinct parts without cutting a line; not
so for the former. For instance, a propagator is a connected graph.

Z(J) is also known as the generating functional, and it generates both
types of Feynman diagrams described above. However, in a variety of
physical problems, for example renormalisation theory, and statistical me-
chanics, it is useful to generate only connected graphs. Also, the scattering
amplitude receives contribution only from connected diagrams. We have
already defined such generating functional in eq. (42), called W (.J). By
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neglecting the normalisation constants, we have the relation’
W(J) = —ilog Z(J) (58)

among two generating functionals. By taking repeated derivatives with re-
spect to J, we find

2w iz sz i &Z (59)
(5J(x1)5J(x2) N Z2 (5J(.T}1) 5J(x1) Z2 (5J($1)(5J($1) ’
and
oW (i 8z 6%z N
5J<$1)5J(.%’2)5J($3)(5J(1‘4) N Z2 5J(x1)5J($2) (5J(.T3)5J<l’4)
. i 5tz
permutatmns) — E5J(x1)5J(:c2)5J(:z:3)5J(m4) . (60)

Following the Taylor expansion of eq. (57), we could write an analogous
series for W:

“+oo
W(J):EO;!/.../dml...dxn J(a1) . T @)W (). (61)

By taking J = 0 and comparing the two series, we arrive at:
WO (@1, 22) = 2O (21,22) , (62)

rather unsurprising as the propagator is connected. To higher orders, ho-
wever, the relations becomes non-trivial:

w® (r1,22,23,24) =1 A (a:l,xQ)Z(2) (r3,24) + permutations} +
ZW (21, 29, 23, 24) . (63)

It is possible to prove that W generates only connected graphs to all
orders, that is, that W (") is the n—point connected Green function.

10Observe the similarity of 17 to the free energy.




Effective action

Besides connected and disconnected diagrams, there is another impor-
tant class of Feynman graphs, the one patrticle irreducible (1PI) diagrams.
These diagrams cannot be disconnected by cutting any internal line. In
other terms, one cannot obtain two Feynman diagrams by cutting a line of
the 1Pl diagram. Sometimes they are also known as strongly connected
diagrams, because they are basically diagrams connected by more than
one line.

They have a generating functional called effective action, defined by a
Legendre transformation (Coleman, 1985)

I(6) = W(J) - / dtx T(2)(z) (64)

The fields ¢ and J have a duality relation among them, like p and ¢
coordinates in Hamiltonian and Lagrangian formalism. The inverse trans-
formation gives the relation

W(J) =T(¢) + / dz J(z)o(x) . (65)
Deriving eq. (64) with respect to ¢ gives us
T'(¢)
= —J €T 5 66
S0~ '@ (66)
while the derivative of eq. (65) with respect to J furnishes us with the result
W(J) _
570 ~ @) (67)

By comparing egs. (54) and (67) we also see that

g Z(J) _ {0]6(x)|0)
5.J(x) (0[0)

= @l (68)

thatis, the classical field, defined as the vacuum expectation value (VEV) of
the quantum field, could be obtained by deriving the generator of connected
graphs W with respect to the source field J.
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By taking repeated differentials of eqgs. (66) and (67) we find

B 2w _ 09(x)
) =55 w0a ) eI (©5)

and o,y = 52T _ 6J(z) (70)
T 56(2)6(y)  db(y)

I'(z,y) and G(z,y) are inverse of each other. Treating them as matrices
with continuous indices, we could write

4 [ W 52T _
/ @y Gy, 2) = / Y 5T )50(0) 56(0)o0(=)
1, 08(z) 8J(y) _ dg(z) —sWp_ 5
[ S 550 = s =) ()

About the third derivatives of functionals, it is clear from the last line of
eq. (71) that [d*y G(z,y)I'(y,z) does not depend on J. In fact, by taking
the derivative with respect to .J(u) we find

1) W 52T
5.7 () / Ay G, y)(y,2) = 0= / Y T8I )3T 59050 ()
: 52w 83T
[ s eI (72)

Now for the second term we can write

/d4 52W 1) [ 52T }_
Y 57(2)67(y) 57 (u) [06(y)od(z)|

4 W 4, 00y) b 52T B
/ Y ST w67() / Y 57 (u) 56 () {w(yw(z)] -

N
[ s [ o sy T

because 6¢(y')/0J(u) = —G(u,y’). By combining egs. (72) and (73) one
obtains

/ 4 W or
Y 5 T(2)07 ()07 (u) 66(y)86(2)

4 52W 4 7 / 63F
/ T 5@ / Y Gl ) 56000 (74)




To summarise, every derivative of I' with respect to J could be swapped
with a derivative in ¢ and an integration with the Green function G, that is,

0 4/6¢() 0 _ 4,7 w1 g
57w = a5 57(0) 5907 /dyG<’y>5¢<y'>' (75)

As with Z and W, it is possible to expand I" as a power series in ¢:

+001
=N "— [ .. [day...dz, d(z1) .. p() D (21, .. 2) . (76)
ngom/ [ 1 1

It is possible to show that T (z,... z,) is the sum of all 1Pl Feynman
graphs with n external lines.

We can expand the effective action I'(¢) in momentum space, in powers
of momentum. If one considers renormalisable theory, then the effective
action could be written as:

o) = [ast [-vio)+ 5002z +..| 77)
where Z(¢) is the wave function renormalisation, see eq. (14) of (Fabiano,

2021b). The term without derivatives, V' (¢), is called effective potential. To
express it in terms of 1Pl Green functions, we have to write I'™ in momen-

tum space:
(0, = [ [ O

(27r)46(4)(l<:1+...+k:n) kit thnen) (”)(k:l,...,kn). (78)

Putting this expression in eq. (76) and expanding in the powers of mo-
menta k; gives

S [ [ [ e
—nzon! 1-- '”(271')

/d% itk thn) @ ik @t @) o

~

{I‘(")(O,...,0)¢(x1)...¢(xn)—1—...} -
/d% > L. 0@+ ) (79)
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where we have used the fact that (2m)*%@W(ky + ... + k,) =
[diz elhit-Fka)w  Comparing egs. (79) and (77) we see that the nth
derivative of the effective potential V' (¢) is the sum of all 1P| diagrams with
n external lines carrying zero momenta, that is, with k; = 0 for all i:

+o0
1 n n
V(g) == —T0,....0) [o(x)]" . (80)
n=0
Effective potential: an example
Suppose we have a generic Lagrangian written as

L=35(00° V(o). (81)

In this case, a closed form for W (J) is impossible to obtain. How-
ever, it can be evaluated using the saddle point approximation described in
egs. (31)-(32). The saddle point field ¢,(x) is determined by the equation

SW(D)|  _ dS(e) + [d'y J(y)o(y)]
06y, 69(x) b

Writing the explicit form of the Lagrangian of (eq. 81) and integrating by
parts the kinetic term, that is, [d*z 8,00"¢ = — [d*z $5?¢ yields

0?ds(x) + V'[ps(2)] = J(z) . (83)

To estimate Z, we define the integration variable as ¢ = ¢, + 6, restore
h and write

=0. (82)

Z(J) = eW/MW) _ / D I/MIS@)+74]

e(i/M)[S(¢s)+7¢:] /pg, oli/1) [d'z 3[(06)2 V" (6.)8?] 7 (84)
having expanded in Taylor series of ¢ — ¢, as in eq. (31):
525 2 "
Wd)s—a + V7 (¢gs) . (85)

We observe that for any operator A, det A = [], a;, where qa; are its
eigenvalues. So [[,a; = eX:!°8% and this implies det A = eTrl°e4. The
last part of eq. (84) reads

(/PS(6)+76.] / D i/ Jd'e 1[0~V (6.)5] _




. 1/2
Li/mS(6)+T6.) [ 2miR _
det 5" (¢,)

et/ D)[S(¢:)+T¢:]+ 7 log(2mih)— 3 Trlog S”(¢) (86)

By dropping irrelevant constant terms, we have determined an explicit
expression for W

W (J) = [S(¢s) + Jos] + %Tr log [07 + V"(¢s)] + O(R*) . (87)

The first term gives the classical contribution to the Green’s function.
The next term in # gives the first quantum corrections to the Green'’s func-
tions. Next is the Legendre transformation, for which

_OW_ 0[5(¢s) + Jbs] 05

=57~ 5s 5]

+¢s+ O(h) = ¢, +O(h),  (88)
and so for the effective action

T'(¢) = S(¢) + %Tr log [0% + V" (¢s)] + O(R?) (89)
and the effective potential

Ver(6) = V(9) + 3 Telog [0 + V" (9,)] + OG7) . (90)

It is clear that in general it is not possible to obtain a closed form for
the eigenvalues of the operator in eq. (85). We need to introduce some
simplifications: the configurations we will study will be the ones for which
¢ is independent of z. In this case, V”(¢) becomes a constant related to
a mass, u(¢)?. The operator 9> + V"(¢) becomes translationally invari-
ant and is easily evaluable going to momentum space. After obtaining the
eigenvalues of the operator, we have to calculate the logarithm and sum
over for trace. Therefore

Trlog [0 + V" (¢)] = /d4x (z [log [0* + V"(¢)]| z) =

4
Jtte [ G talkh og [62 + V()] | hla) =

4
/ (gwl; log [-k* +V"(¢)] , (91)
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after having inserted a complete set of states. Going to Euclidean
space (Fradkin, 1959) and writing the mass term, we have to deal with
the expression

T0%) =~ ryp [ 4K Jog (% 4 1%) | (92)

1
(2m)*
which as it stands is terribly divergent at infinity, faster than a fourth power.
However, if we derive three times with respect to ;ﬂ we obtain a finite func-

tion,
dBZ(MQ) (3)/,,2 2 4 1
—— =TI (u%) = e )4/dk( =

(dp?)? k2 4 p2)?
) 2 +o0 k3 1
i / dk - . (93)
Emify O R 2P 32
By integrating three times in ;.2 we have
o plogp? > 4
T(p?) = —=— 4+ A+ Bu® + Cu?* (94)

6472

as well as three integration constants that can be reabsorbed in the original
Lagrangian by renormalisation.

For example, suppose that V(¢) = %¢? + 4¢*, then for the effective
potential we would have obtained

(¢)*log u(9)*

Var(9) = 5 6” + o + B2 (95)

Loop expansion

We have done perturbative calculations where the expansion parame-
ter is given by the coupling constant of the theory. Now we will organise
the perturbation theory in a different form, of loop expansion, that is an ex-
pansion in increasing number of independent loops of Feynman diagrams.
At first order we find the Born diagrams or tree level diagrams, that is, di-
agrams without loops. The next order consists of diagrams with one loop,
with integration on internal momenta. Then diagrams with two loops, and
so on. The loop expansion described has a small expansion parameter

given by Planck’s constant .
1012



Let 7 be the number of internal lines and V' the number of vertices in
a Feynman diagram. Then the number of independent loops L will be the
number of independent internal momenta after taking into account the mo-
mentum conservation in each vertex. One combination of momenta con-
servation will correspond to the overall conservation of external momenta,
so the number of contributing vertices will have to be diminished by 1. The
number of independent loops in a given Feynman diagram will therefore
be given by the expression

L=I-(V-1)=I-V+1. (96)

In order to relate this loop formula to the powers of 7, we have to restore
first its value. From the equal time commutator of canonical variables, we
recall that

[6(x,), 7y, t)] = ihd® (x —y) , (97)

therefore the propagator in momentum space will furnish us with a factor
h:
d*k ih

=(0|T = [ et 98

Gla) = OITo@)o0)]0) = [ G ™ e (98

The other place where h appears is in the action of the path integral,

[D¢ e/MS9) As this corresponds to the interaction Lagrangian in the
interaction picture

e[é [d*a Eim(qﬁ)] , (99)

this means that each vertex carries a 1 /A factor. So for any given Feynman
diagram, the power P of & that appears, i, is given by

P=I-V=L-1. (100)
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WHTEIPAIT MO TPAEKTOPUM B KBAHTOBOW TEOPUUM
nonA

Hukona ®abuaHo

Benrpaackuin yHusepcuteT, MHCTUTYT aaepHbIX nccrnegoBaHui
«BuHuya» — MHcTUTYT rocygapcteeHHOro 3HaveHus ans Pecny6nukm
Cepbus, . Benrpaa, Pecnybnnka Cepbus

PYBEPUKA T'PHTW: 29.05.03 Maremartundeckne Metoabl
TeopeTudeckon usnku,
29.05.23 PenaTtnBmcTcKas kKBaHTOBas Teopust.
KsaHTOBasi Teopus nons
29.05.33 3nekTpomarHMTHOE B3aumModencTeune
BW CTATbW: 0630pHas cTatbs

Pesrome:

BeedeHue / uenb: Ucxods u3 eamunibmoHuaHa 8 Hacmosiuwel
cmambe 0aHO allbmepHamueHoe ornucaHue KeaHmosol Mexa-
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HUKU, OCHOB8aHHOe Ha CyMMe 8CeX 803MOXXHbIX mpaeKmopuﬁ
Me)KOy Ha4yarnbHOU U KOHEYHOU moYKamu.

Memodsi: Teopemudeckue memodbl MamemMamu4yeckol ¢husu-
Ku. MlHmeepanbHbIl Memod Ha OCHo8e UHMmMezparsna o mpaekx-
mopusim.

Pesynbmamel: Memod u KoHuenuuu uHmezpasna rno mpaek-
mopusiM Mo2ym rnipumeHsmcesi 8 dpyaux obrnacmsix (hu3uku, He
o2paHu4uBasiCb K8aHmMoBoU MexaHUKOU.

Bbigo0b1: [odx00 uHmezpana rno mpaekmopusim daem ececmo-
POHHee onucaHue rnonell 8 omnu4ue om 0bbI4HO20 fazpaHxe-
8020 nodxoda, Komopsll ripedcmasrisem JfiokanbHOe onucaHue
noned.

Kntoyesnie criosa: UHmMeeparsi rno mpaekmopusam, KeaHmoeas
MexaHuKa, KeaHmoeseasi meopus riosis.

WHTEMPAN NMYTA Y KBAHTHOJ TEOPNJAMA MNOJbA

Hukona ®abwnaHo

YHuBepautet y beorpagy, MHCTUTYT 3a HykneapHe Hayke "BuHya’-
MHCTUTYT oa HaumoHanHor 3Havaja 3a Peny6nuky Cp6uijy,
Beorpag, Peny6nuka Cpbuja

OBNACT: matemaTtuka
BPCTA YJIAHKA: npernegHu pag

Caxxemak:

Ye8o0d / yurs: lNonasehu 00 XamunmoHujaHa, dam je anmepHa-
MUBHU OMNuUC K8aHMHe MexaHuKe, 3acHoeaH Ha 36upy ceux Mo-
eyhux nymeea usmehy rioyemde u ¢huHasiHe madke.

Memode: Teopujcke Memode mamemamud4ke ¢uusuke. ViHme-
epasnHu Memod 3acHo8aH Ha UHmeaparsny nyma.

Pesynmamu: Memode u koHuenmu uHmeeparna nyma moay bu-
mu npuMer-eHU U Ha Opyae epaHe ¢husuke, HUCY 0epaHUYeHU Ha
K8aHMHy MexaHUKY.

Bakrpyuak: Npucmyn 3acHosaH Ha uHmeezpary nyma daje asno-
b6anHu onuc noswa, 3a pasnuky 00 yobudajeHoz npucmyna 3a-
CcHosaHoe Ha [laepaHxujaHy Koju npedcmassba fioKasaHu onuc
rnoswa.

K!'by'-lHe pedu: uHmeeparl riyma, KeaHmHa MexaHuKa, KeaHmHa

meopuja nosba.
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Abstract:

Introduction/purpose: The use of modern military aircraft requires an
extraordinary effort of human and material potential to ensure the
conditions for the execution of specific tasks. Complex technology,
different spatial and temporal conditions of aircraft use impose the need to
create organizational and technical conditions to assist the pilot during
flight with the aim of safely and completely accomplishing the flight task.
The aim of this paper is to identify possible problems in the organization of
the flight safety system through the description of the influence of technical
factors on flight safety and to find the best solutions for overcoming
problems during the life cycle of the aircraft.

Methods: In the research of the subject area, first of all, the analysis of the
regulations regulating the field of flight safety was carried out, and then a
description of the technical means and their impact on flight safety was
carried out.

Results: On the basis of the performed analysis, the activities to ensure
the reliability of the aircraft during development and production were
defined, and directions for improving flight safety were proposed through
the amendments of regulations, organizational and technical as well as
technological measures.

Conclusion: The results of the analysis confirm the assumptions about the
possible directions of development and improvement of flight safety of
military aircraft through improvement and installation of technical systems
(devices and equipment), both aviation and ground.

Key words: flight safety, military aircraft, aircraft reliability.
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Introduction

Flight safety is an actual and complex problem and not only the lives
of passengers and crews depend on its successful solution, but also the
efficiency and readiness of the aircraft for use.

The actuality of the issue of flight safety is conditioned by an
increase in the speed of flight, take-off and landing, an increase in the
intensity of air traffic, considerable complexity of aircraft construction and
high requirements of the use of military aviation (Milicevi¢ & Bojkovic,
2021; Duarte et al, 2016). Aviation equipment on modern aircraft is very
complex, and crew workload and flight safety largely depend on its
guality and operational reliability.

The reliability of aviation technology is an important factor that
affects the readiness of the aircraft for flight, the efficiency of its use and
flight safety. However, flight safety is primarily affected by in-flight failures
of aircraft equipment. Failures also reduce the efficiency of the use of
aircraft equipment. Malfunctions (failures and breakdowns) that occur on
the ground and in flight require time to be repaired. Malfunctions mainly
occur due to structural and manufacturing defects, non-compliance with
technical conditions for production, poor assembly, foreign objects
entering aggregates and into the flight control system, insufficient
reliability of aggregates, equipment and systems of aircraft and their
power units, insufficient ability to control the condition of the aircraft itself,
before and during the flight (Zivaljevic & Siladi¢, 1997). Flight safety is
also affected by operational factors: errors by flight personnel,
deficiencies in planning, organizing and managing flights, malfunctions
and disruption of the system for managing and securing flights from the
ground.

The aim of this paper is to identify possible problems in the
organization of the flight safety system through the description of the
influence of technical factors on flight safety and to find the best solutions
for overcoming problems during the aircratft life cycle.

The paper describes the basic technical factors that affect flight
safety, as well as the ways of collecting, systematizing and processing
data necessary for flight safety assessment (Honcharenko et al, 2020).
The activities in the process of design, production and exploitation of
aircraft to ensure high reliability of aviation technology are listed. An
insight into the current technical means for ensuring flight safety is given,
which include avionics, additional equipment, ground equipment, as well
as equipment of objective flight control. After the analysis, a model was
proposed for the improvement of the flight safety system with an
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emphasis on technical factors in accordance with the needs that arise
with the introduction into use of new types of aircraft, equipment, tools
and control and verification apparatus, as well as changes in terms of
procedures and aircraft maintenance technology.

Fundamentals of military aircraft flight safety

The basic act that regulates the flight of military aircraft in the
Republic of Serbia is the Rulebook on the Flight of Military Aircraft which
more closely prescribes the organization of the flight of military aircraft
and risks to flight safety (Sluzbeni vojni list, 2018). The Rulebook
provides risk assessment guidelines as well as measures to prevent flight
safety risks. These measures are implemented in the instructions for
aircraft maintenance, where the duties of aviation technical staff:
managers, controllers and technicians, as bearers of aircraft technical
support, are defined in terms of performing analysis of malfunctions of
aviation technology, determining the cause of failure, developing and
implementing measures to prevent and eliminate failure causes within
the framework of their duties.

The flight safety system in the narrower sense consists of. expert
bodies for flight safety in the Air Force and Air Defense Command,
aviation brigade commands, flight safety assistants in flight units,
Councils for Methodology and Flight Safety as well as all other bodies
involved in the planning process, preparation, organization, performance
and analysis of flying, in accordance with their competences.

In the flight safety system, no technical bodies were formed to deal
with the organization of flight safety, analyses of the impact of certain
factors and taking measures to prevent mishaps, but this function was
assigned, as an additional one, to the bodies leading the preparation and
execution of flights. In this way, aviation technical managers deal with
ensuring the conditions for the safe execution of the planned flight, but
without a deeper analysis and prediction of the future impact of technical
factors on endangering flight safety.

The periods of the development of flight safety systems are shown in
Figure 1, (International civil aviation organization- ICAO, 2018). Until
1970, the main cause of plane accidents was a technical factor. With the
improvement of the production technology and the reliability of the
aircraft, the period of influence of the human factor in the servicing and
maintenance of the aircraft as a primary factor affecting flight safety
begins. In the mid-1990s, the causes of flight organization as a cause of
aviation accidents were investigated in order to introduce the term total
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flight safety at the beginning of the 21st century through the management
of a flight safety system that combines technical, human, organizational
and safety factors into a single system.

Technical era
Human factors era

Organizational era

Safety performance

Total system era

I I > Future
1950s 1970s 19%0s 2000s 2010s
Figure 1 — Flight management system development

Puc. 1— Pa3spabomka cucmemb! yrpaeseHusi rnosiemom
Cnuka 1 — Pasgoj cucmema 6e3bedHocmu nemera

Technical factors of flight safety

The reliability of aviation technology is an important factor that
affects the readiness of the aircraft for flight, the efficiency of its use and
flight safety. The requirements that determine the parameters of the
given flight technical characteristics and efficiency of aircraft use are set
in the phases of aircraft design and production (Bolshakov et al, 2018).
However, they are also significantly affected by the process of aircraft
maintenance and use: organization, scope and periodicity of
maintenance works, methods and equipment used during maintenance,
gualification structure and psychophysical condition of technical
personnel, quality and reliability of ground equipment for securing flight,
etc.

Aviation technology characteristics that affect flight safety arise from
the requirements to expand the range of flight speeds and altitudes and
from the complexity of tasks performed by flight crews. The complexity of
the tasks to be solved causes an increase in the number of instruments,
pointers and signalers, which imposed the need to introduce an
automatic flight control system.
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Flight safety is also affected by operation factors: mistakes by flight
crews in piloting techniques, deficiencies in planning, organization and
flight management, failures and disruption of the systems for control and
security of flights from the ground (Solomonov, 1975).

Mistakes of flight and technical staff as well as mistakes of flight
managers can be caused by insufficient qualification of the staff,
insufficient knowledge of the technique and the regulations for its
exploitation, the absence of solid habits and training, depreciation of the
aviation technical staff, deviations from the established regulations for the
maintenance and servicing of the aircraft and their ground equipment
(Marinkovi¢ & Drenovac, 2015). Critical situations in flight can also be
facilitated by external factors which include: storms, rain and hail clouds,
hail, gusts of wind, fog, snow flurries and dense fog, intense icing of the
aircraft in flight, strong turbulence, the presence of balloons or birds in
the air.

Initial information for identifying critical situations in flight includes
pilot reports, objective control data, aircraft operational documentation,
personal observations of air traffic controllers, observations of superiors
and eyewitness accounts.

Malfunctions are a special factor of flight safety. An important source
of data are records of failures of parts, assemblies and aggregates,
which are an integral part of maintenance reporting, as part of analyses
of work at individual maintenance levels. The analysis of these data can
provide a basis for predicting the failure of certain assemblies in the
future and serve as a basis for changing procedures in preventive
maintenance and exploitation of aircraft.

Ensuring flight safety of military aircraft in the process
of their acquisition and exploitation

The constant improvement of the quality and reliability of aircraft
requires collective efforts of researchers, test centers, manufacturers and
organizations that operate and maintain aircraft. In order to avoid high
maintenance costs during aircraft exploitation and large losses due to
malfunctions, due to non-use of aircraft during exploitation, research and
development and design organizations strive to ensure high reliability of
aircraft.

The aircraft reliability depends on the scope and depth of aircraft
research and testing in the design and development phase. During the
design process, the basics of the reliability of each aircraft, their
construction strength and material fatigue, service life, and convenience
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for maintenance are defined. In the same phase, problems of functional
efficiency are solved as well as problems of technological, repair and
exploitation indicators.

In order to ensure aircraft reliability, and thus flight safety, high-
quality constructive materials are used in the construction of aircraft. The
use of composite materials provides strength, stiffness, and stability at
elevated temperatures, as well as other positive properties that contribute
to the increase of aircraft flight safety.

Constructive methods for increasing reliability include: development
and production of reliable aggregates, improvement of structural strength
calculations, provision of favorable operating conditions for aggregates,
as well as proper selection of aggregate operating parameters. The
construction of aircraft, engines, equipment and systems must have a
high coefficient of maintenance convenience, and if possible, built-in
sensors and measuring elements to signal probable occurrence of
malfunctions. In addition to the basic exploitation characteristics, aircraft
must also have features that facilitate their exploitation, such as ease of
servicing, minimum possible time required to prepare the aircraft for use,
mechanization and automation of fueling, special liquids and gases,
battery charging, etc.

During aircraft development, tests of aggregates and vital systems
are performed in laboratory conditions, and tests are carried out
regarding the determination of resources in simulated environment
conditions, with the aim of assessing reliability in the design phase. As
shown in Figure 2 (Cestié, 2022), an effective way to increase the
reliability of aviation technology is the reservation (redundancy) of
especially vital aircraft systems, the failure of which directly threatens
flight safety.

Based on the analysis of reliability test results in the stages of
development and production, an assessment is made on the operational
reliability of aviation technology, measures are developed for its
maintenance or increase, the life cycles of operation of the aircraft
structure, aggregates of its equipment and systems is determined, and
operational documentation is defined (Solomonov, 1975).
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Activities in the process of aircraft development and production in order to achieve the
required level of asset reliability

DEVELOPMENT PRODUCTION

g : ! —— : !
Improving the Statistical mprovement| || | rovement
Use of quality calculation of control of of control in of aircraft Input control
! Redudancy liabilit the - )
materials the strength of reliabiiity, ! construction| | of materials
aircraft durability production technology
and service process
life
v v
\ TESTING \
[
v v v T t# . v
Material fatigue | | Statistical and Laboratory i Tests to
test under dynamic tests tests of truct determine
working of the aircraft equipment and 3 ruc ures,l d operational
conditions structure systems of under repeate reliability
aircraft in order loads

to determine
the terms of
operation

Figure 2 — Activities in the development and production process to ensure aircraft
reliability
Puc. 2 — fleamenbHocms & npoyecce paspabomku u rpoussodcmea e obracmu
obecrieyeHust HadexxHocmu 8030yWHO20 CyOHa
Cniuka 2 —AKmusHocmu y rpouecy passgoja U rnpou3sodre Ha obe3behery
rnoy3daHocmu ea30yxoriosa (in Serbian)

During operation, ensuring the required level of reliability of aviation
technology is done primarily through the aviation technical maintenance
system, where modern diagnostic, special testing and measuring
equipment and modern data processing methods are used (Pokorni,
2021).

Quantitative evaluations of various factors, according to the
importance of their influence on emergency events in flight depend on
the permitted methods of testing aircraft in terms of flight safety
(Kublanov, 2021).

To determine the initial stage of the development of cracks,
corrosion, internal (hidden) deformities of materials and malfunctions of
parts, assemblies and aggregates, physical methods of defectoscopy are
used (magnetic, electroinduction, gamma defectoscopy, ultrasonic,
penetration - using a penetrating liquid and challenger, etc.) .

To determine changes in technical characteristics (parameters) and
evaluate the working capabilities of aggregates and hydraulic devices,
devices for air, fuel, cabin pressurization and air conditioning systems
and other aircraft systems, instrumental checks using automated
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devices, counters, as well as various devices and instruments are used.
To assess the technical condition of the aircraft electronic equipment,
instrumental checks are applied using built-in external control systems,
control-measuring devices for general and special purposes, special
workbenches and various instruments.

Control and assessment of the technical condition of aviation
equipment in flight units is carried out using standard and special
measuring devices, based on appropriate inspection lists for specific
aviation equipment. A particularly important role in ensuring the reliability
of aviation technology, preventing failures and aviation accidents is
played by periodic inspections and preventive works that are carried out
based on the hourly or time limit of aircraft use. Periodic inspections
include activities to inspect the condition of all elements of the aircraft
according to the prescribed periodic inspection lists for a specific type of
aircratft.

To increase the efficiency of the use of aircraft and their operational
safety, it is important to quickly and correctly determine the causes of
technical failures, as well as to quickly and efficiently eliminate them,
prevent their recurrence and forecast their eventual occurrence.

Technical diagnostic methods for early failure detection which are
increasingly being developed represent one of the most important
modern directions for increasing reliability and reducing aircraft
exploitation costs. The improvement of diagnostic methods enables the
automated collection and processing of information on parameters for
failure forecasting and signaling (warnings to the crew) about
malfunctions on the aircraft during flight.

Control in operation is primarily aimed at detecting gradual failure of
elements and devices, whose failure indirectly affects flight safety.
Particularly important data for the diagnosis of the state of certain aircraft
systems are provided by recorders for the analysis and processing of
dynamic parameters of aviation technology, such as vibrations, pressure
changes in hydraulic and air devices, and the like.

Technical equipment for ensuring flight safety

To ensure flight safety, aircraft are equipped with special technical
equipment that make up the safety scheme. They are designed to
eliminate the consequences of the failure of vital systems or to prevent
the possibility of these systems entering a dangerous mode of operation
(Solomonov, 1975). Constructively, safety schemes are applied in the
form of vital systems and devices or in the form of the installation of
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special blocks in aggregates (control, safety), automatic safety, control,
restrictions, exclusions and the like. New generations of aircraft are
equipped with electronic blocks that have self-checking options, where
correctness checks are performed automatically without disassembly and
special tests during periodic inspections. It is particularly important that
during the self-diagnosis of a certain set (e.g. radio station or navigation
devices), in the event of malfunction, accurate information is given on
which block or which communication line from the set has failed, which
significantly reduces the time of defection and repair and ultimately raises
flight safety to a higher level .

On many aircraft, in order to prevent exceeding the permissible
value of the workload coefficient, limiters of the speed (tempo) of the
movement of the pilot stick are installed, either mechanically or by
software in systems with "fly by wire" technology.

Some multi-engine airplanes are equipped with automatic course
maintenance (correction) devices when one of the engines fails.

An effective way to increase flight safety is the diagnostic control of
the basic structural elements of the aircraft, especially the resistance
(firmness) of its engines, based on the analysis and control of vibrations.
The vibration control system consists of vibration transmitters, electronic
blocks and indicators or vibration recorders (Nacional'nyj centr
vertoljotostroenija imeni M.L. Milja i N.I. Kamova, 2019). In addition, aircraft
can be equipped with means which control aircraft in emergency
situations (Solomonov, 1977). All modern airplanes are equipped with
autopilots in which control blocks are installed, which the autopilot
automatically shuts down in the event of failure, as well as rudder end
deflection transmitters. Many aircraft are equipped with dangerous
altitude blocks that signal the autopilot and the pilot to enter climb (Kurdel
et al, 2019).

Modern aviation equipment has imposed the need to install a large
number of devices, instruments and signals necessary for the pilot to be
informed about the state or flight mode of the aircraft. Special attention is
paid to the display of parameters and signaling in the form of
multifunctional indicators, which significantly relieve the instrument panel
from classic analog instruments, and where it is possible to select
parameters or groups of parameters that are important for monitoring, as
seen in Figure 3 (Airbus Helicopters, 2016).
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Warning Unit
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Figure 3 — Layout of multifunctional indicators of the H-145M helicopter
Puc. 3 — KomrnoHogka MHO20GhyHKUUOHarbHbIX UHOUKamopos eepmosema H145M
Cnuka 3 — Pacrioped mynmugbyHKyuoHanHux uHdukamopa xenukonmepa X-145M

The desired data displayed on multifunctional indicators are
processed in the flight management computer system Flight
Management System (FMS) in which error signals are processed in
parallel, as well as signals about a dangerous situation in flight, on the
basis of which warnings to the crew are generated. Signal lights, light
boards (inscriptions), pointers and tone (sound) signaling are often used
as signals to inform the pilot about the operation of aircraft systems, their
failures, the aircraft's entry into critical flight modes and to indicate
targets.

An effective tool that facilitates piloting in certain phases of flight and
increases flight safety is the display of aiming and navigation data on the
windshield through which the pilot observes the area in front of the
aircraft, as well as the way of displaying the level of warnings and errors
on the systems or the values of certain parameters through colors, where
the pilot is aware of the existence of a certain error but does not need to
pay attention if that error does not jeopardize the performance of the task
(Peysakhovich et al, 2018).

The additional means that aircraft are equipped with to ensure flight
safety include collision prevention devices, anti-icing devices and
prevention of electrical (atmospheric) discharges to the aircraft, pilot
notification devices, rescue equipment, fire fighting equipment, etc.

Special Airborne Collision Avoidance System (ACAS)/Traffic
Collision Avoidance System (TCAS) systems have been developed and
are being perfected to prevent collisions in flight. The basic criterion of
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the system for assessing the possibility of an aircraft collision is the flight
height. A signal transmitted from one aircraft at a precise moment in time
is received by the devices of another aircraft, and their distance is
determined according to the time difference between the transmission
and reception of the signal (Vorobev et al, 1989).

In flight, rare cases of electrical discharges to the aircraft may occur.
To ensure BL, reliable electrical connection of all elements of the aircraft
structure is performed with appropriate metallization; and at least 2 mm
thick plating is used on all parts of the structure near the fuel system
elements to prevent burn-through. The structure of the aircraft is
designed in such a way as to prevent the creation of an electric arc in the
space of the fuel tanks. Flame extinguishers are also installed at the fuel
system outlets (Solomonov, 1977).

For flying at extremely low altitudes, the limitations of the aircraft's
maneuverability and the pilot's physiological capabilities are taken into
account. Flight controls for flying at extremely low altitudes must provide
manual, semi-automatic and automatic aircraft control modes.

To monitor the terrain (relief) situation, a radar is used that provides
data on the distance from the nearest elevation and the angle of its
elevation in relation to the reference plane (Zuluaga et al, 2017). When
overcoming obstacles, there are possible cases of the aircraft arriving at
a flight mode close to the landing mode, as well as descending to below
the permitted height. For this reason, equipment is installed on the
aircraft that warns of obstacles about the approach of the aircraft to the
landing mode and signals to the pilot that the flight height above the
obstacles is lower than the set one, the so-called Terrain Awareness and
Warning System (TAWS) devices.

The basic method of rescuing the crew during emergency situations
in flight is to leave the aircraft using the ejection seat. The improvement
of ejectable pilot seats represents today the main direction in the fight to
increase the efficiency of the means for forced abandonment of the
aircraft (Zubkov et al, 2007). Ejectable seats installed in helicopters are
also significant, but they are not widely distributed due to the complexity
of the construction and the possibility of installation only in helicopters
with a coaxial carrier rotor.

Most modern aircraft are equipped with devices for broadcasting the
GPS position of the aircraft Emergency Locator Transmitter (ELT), in
order to quickly find an aircraft that has suffered an accident or forced
landing. Figure 4 (Airbus Helicopters, 2016) shows the configuration of
one set of ELT devices, consisting of special modules with the antenna
part and the power supply, a pointer and a control module.
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Figure 4 — Components of the ELT device
Puc. 4 — KomnoHeHms! ycmpoticmea ELT
Cnuka 4 — CacmasHu enemeHmu ELT ypehaja (in Serbian)

Ground means for ensuring flight safety

Ground-based technical means for ensuring flight safety include
aircraft guidance and flight control equipment, airport lighting equipment,
technical means for dispersing birds, means for preparing and training
personnel, and storage means. All major airports also have ILS
(Instrument Landing System) systems that ensure precise guidance of
the aircraft during landing. Figure 5 shows the navigation device PNP-72
which, with the combined operation of several devices and equipment in
aircraft, enables landing in conditions of reduced visibility.

MK noc =20

Figure 5 — Display of the operation of the ILS system in conjunction with the helicopter
navigation device
Puc. 5 — OmobpaxxeHue pabomsl cucmemsl ILS coemecmHo ¢ Hagu2auUOHHbIM
ycmpoticmeom gepmosiema
Cnuka 5 — lpukas pada ILS cucmema y crpesu ca XxenuxkornmepcKuM HaguealyuoHUM
ypehajem (in Serbian)
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For the implementation of light, navigation and signal security,
starting radio stations, light signaling devices with servers for stationary
night start and mobile night start, mobile flight control, as well as other
ground radio-navigation equipment are provided.

Special runway curtains and braking devices, which both aircraft and
airports are equipped with, are used in the cases of aircraft disembarking
from the runway. Systems with arresting nets and arresting ropes are
most often used to stop the aircraft on the runway. Along with them, the
method of covering the runways with foam for the forced stop of the
aircraft is also used.

Experience shows that some critical situations in flight are
conditioned by the so-called "human" factor, i.e. mistakes (Poussin et al,
2017). Therefore, the introduction of trainers and simulators into use is of
great importance for ensuring flight safety (Vlagi¢ et al, 2022). The
possibility of effective training of crew emergency procedures when
modeling failure and imitation of emergency events on simulators (engine
failure, autopilot and auxiliary systems failure, fire simulation, etc.)
creates conditions for systematic training of flight personnel with the aim
of acquiring the necessary habits and maintaining them at a certain level
(Rudnjanin & Debijadi, 1984).

Also, very often interactive and 3D classrooms are used in addition
to flight simulators, as a good technical basis for training pilots and
training technical staff.

Technical means of the objective flight control

Determining the real causes of critical situations in most cases is
possible only if there is reliable information about the flight parameters of
the aircraft, about the correct operation of its systems and the work of the
crew during the development of an emergency event in flight. Certain
types of aircraft in the world are equipped with means of objective control
that have a direct data link with the home base, another aircraft or a
flying command post, where it is possible to monitor the parameters of
the aircraft in real time (Zubkov, 2007). Also, these types of
communication have the possibility of direct transmission of radar and
sensor images and are installed on 4++ and 5th generation multipurpose
aircraft. Flight parameter recorders, Figure 6 (Nacional'nyj centr
vertoljotostroenija imeni M.L. Milia i N.I. Kamova, 2019), are used in the
investigation of aviation accidents and critical situations in flight.
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Figure 6 — Flight parameters recorder BUR-1-2 of the Mi-17V-5 helicopter
Puc. 6 — Peaucmpamop napamempos nonema bYP-1-2 eepmonema Mu-17B-5
Cnuka 6 — Peaucmpamop napamemapa nema BYP-1-2 xenukonmepa Mu-17B-5 (in
Serbian)

In practice, data on engine operating times, collected from the flight
parameters recorder, can also be used during homologation tests of
certain engine parts (Banjac et al, 2017). Also, based on recorded data
using the recorder, it is possible to observe changes in the parameters of
individual parts, assemblies and aggregates that provide a basis for
predicting future failures and a basis for preventive inspection or
replacement of a specific part or assembly.

Improvement of flight safety of military aircraft by
applying organizational and technical-technological
measures and procedures

Ensuring flight safety is a constant task and a continuous process to
which special attention is paid regardless of the current circumstances in
which flight tasks are performed. However, there is room for improving
the current situation through the application of organizational, normative
and technical-technological measures and procedures (Bogdane et al,
2019).

Organizational measures for flight safety improvement

An important area in flight security is organizational measures, such
as: flight management, preparation, training and control of flight and
aviation technical personnel and the organization of the use of ground
assets for flight security in flight units (Bilbija, 2017). The basis for raising
the level of flight safety in terms of technical factors is the adaptation of
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the administrative authorities of the commands to the requirements of the
profession, whereby the work of the technical authorities would be
organized and controlled primarily by the technical service and only then
by the line of command. A system in which "everyone can do everything",
in a situation where it is necessary to provide the maximum of
professional capacities, cannot fully meet the requirements of
maintaining modern aviation technology.

The recruitment of aeronautical personnel must be based on quality
and not on quantity. The process of education and training of staff should
follow the needs of the units for professional staff of all aviation technical
specialties. Individuals who work on aviation technology must be
confident in their knowledge and actions and constantly improve
themselves. It is necessary to introduce permanent monitoring and
verification of training in specialties, practically as a form of license
renewal, with prescribed rights and obligations of individuals. Also, it is
necessary to prescribe the training levels of specialists according to the
degree of professional competence and experience in working on a
specific aircraft, which should be accompanied by appropriate benefits.

Measures for normative regulation of flight safety
improvement

Along with organizational measures, an important role is also played
by continuous improvement of the content and form of documentation
and records that regulate flight training, flight planning, maintenance,
especially for newly introduced aircraft. The departments dealing with
technical documentation, their updating, systematization, monitoring and
distribution of changes and bulletins are of particular importance. Those
departments must be the link between the manufacturer and the user of
the aircraft in terms of documentation, which is one of the essential
requirements of the concept of integral logistics support (ILP). The
efficient work of the aforementioned departments creates the conditions
for reducing the costs of the aircraft's lifetime through a more efficient
organization of technological measures and procedures within the
specific level of maintenance, shortens the time for carrying out
maintenance procedures, enables efficient planning of the procurement
of spare parts, aviation ordnance, electronic equipment as well as
keeping the same. Failure to adhere to the concept of ILP results in the
exact opposite.

Another important area of ensuring flight safety is the analysis of the
causes of aircraft malfunctions and failures. An objective analysis
includes the development of scientific methods and recommendations for
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investigating the causes of critical situations in flight based on registered
flight parameters, performing the necessary calculations, flight modeling,
tests and research in flight (Hooper & O’Hare, 2013).

In particular, it is necessary to make efforts to prescribe a detailed
scheme of the operation of the flight safety system, with the bearers of
individual activities, and the duties of each authority when analyzing
critical events and failures, or any other negative impacts on aircraft
maintenance.

Application of technical-technological measures and
procedures for flight safety improvement

Practically all work on aircraft is carried out with prescribed tools,
control and measuring equipment, which reduces the degree of
improvisation in the work to a minimum. Combat equipment must be
stored in appropriate hangars, where it is possible to carry out
maintenance activities in microclimate-controlled conditions in a closed
space, with heating in the winter months, which, in addition to the
technological requirements of maintenance activities, will also enable
favorable psychophysical conditions for the technical staff to devote all
their attention to the required work on aircraft. The hangars should
provide effective conditions for working with modern stationary
equipment (electric generators and rectifiers powered from the city
network), thus reducing the engagement of electric starters and,
therefore, maintenance costs. Also, it is necessary to invest in the
continuous equipping of laboratories for testing and checking aircraft
equipment, which would create the conditions for compliance with
maintenance procedures according to the highest world standards, which
is a prerequisite for the use of the most modern aircraft.

In terms of maintaining the correctness and reliability of measuring,
control and verification equipment and tools, it is necessary to pay
attention to metrology laboratories for verification, their equipment and
devices, and to train personnel for the verification of highly sophisticated
equipment.

In order to monitor and manage resources as efficiently as possible,
it is necessary to reduce the involvement of aviation technical personnel
in administrative tasks, by introducing a specialized information system
that would improve the way of monitoring resources, keeping records and
reporting (Senol, 2020). Practically, in one place it would be possible to
create an overview of all important information, from the availability and
training of staff, through the state of resources, filling with spare parts,
data on the maintenance process through monitoring and analysis of
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malfunctions. Also, this system would have to include all analyses of
flights performed by all types of aircraft equipped with such means, so
that the technical authority would have the possibility of a more detailed
investigation of the failure of parts and aggregates. In this way, the flight
safety system would be improved, significantly reducing the time from the
occurrence of the critical event, through the cause analysis to the
appropriate reaction of the maintenance system.

Conclusion

Equipping with airplanes, helicopters and remotely piloted aircraft of
new generations as a prerequisite requires an extremely high technical
culture of pilots and aviation technical personnel. The challenge for
aviation technical personnel is to maintain the reliability of modern
aircraft, organize the maintenance process, develop methods and means
for maintenance, as well as ensure the qualification structure and
adequate psychophysical condition of flight and technical personnel.

The aircraft, as the final product of the aviation industry, is subject to
modifications, modernizations, changes in the production process and
especially changes in the process of preventive and corrective
maintenance, the ultimate goal of which, in addition to improving tactical
and technical characteristics, is to increase the level of flight safety.

The task for the aviation maintenance and safety system is to enable
high-quality distribution, processing and analysis of data on the state of
the organization and technique through the introduction of an information
system.

Most of the mentioned proposals and requirements in this paper are
solved in the phases of deesign and aircraft production, and sometimes
during modernization, through the absolute application of the concept of
integral logistic support.
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TEXHUYECKNE ACMNEKTbI BESOMNACHOCTU MNMOJIETOB
BOEHHbIX JIETATEJbHbIX AMNMAPATOB

Mupocrniag M. Yectuu?, Brada C. Cokosioen4®, KOppecrnoHAEHT,
MapbsH O. Oogny®

YHuBepcuTeT 06opoHbl B 1. benrpag, BoeHHas akagemus,

r. benrpag, Pecnybnuka Cepbus

PYBPUKA TPHTW: 78.25.13 BoeHHast aBnaUMOHHasa TEXHMKA N BOOPYXKEHME
BWO CTATbW: o63opHas ctates

Pesrome:

BeedeHue/uenb: MNpu ucrnonb3o8aHuu co8peMeHHOU 80€HHOU asuayuu
mpebyiomcsi  aKcmpaopouHapHbie  4Yesiogevyeckue  ycunuss U
MamepuarnbHble cpedcmea, ocobeHHO 8 obecriedeHuu ycrioeuli Onsi
8bIMONIHEHUS crieyuarnbHbix 3aday. CrioXHasi mexHO02usl, pa3fuyHble
rPOCMpPaHCcMeeHHO-8PEMEHHbIE YCII08US UCMOIb308aHUSI 8030yUWHO20
cyOHa Oukmyrom Heobxodumocmb co30aHUs opeaHu3aUyUOHHbIX U
mexHu4Yeckux ycroeul Ofid OKa3aHusi MoMowu nusomy 80 8peMs
nosilema ¢ uersnbto 6e30n1acHo20 U MO/IHO20 BbIMNOSIHEHUST rojiemHol
3a0ayu. Llenbto daHHOU cmambU SI8/155emcsi 8bIsSIBIIEHUE 803MOXHbIX
npobrnem 8 opz2aHu3ayuu cucmemsl bezonacHocmu rosemos nymem
onucaHusi B8/USIHUS MEeXHUYEeCcKUx ¢bakmopos Ha 6es3ornacHOCMb
r1os1emoe U roucka Hausy4qwux peweHul 8 rnpeodosieHuu rnpobriem 8
meyeHue XU3HEeHHO20 yukiia 8030y WHO20 cydHa.

Memodki: lNpu uccnedosaHuu npedmemHoul obracmu, npexoe eceao
6bin  npogsedeH  aHamu3  HOPMamueHbIX  [PaeoBbiX  akmos,
peaynupytowux ceepy bezonacHocmu rosemos, a 3amem 6biio
npogedeHO oOrucaHUe MmexXHUYeCcKUx cpedcme U ux 6J/IUSHUS Ha
b6es3onacHoOcmb 1os1emos.
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Pesynbmamsbi: Ha ocHoeaHuu nposedeHHO20 aHanu3a 6biiu
onpedersieHbl MepbI 110 0becrnevYeHurn HalexxHoOCmu 8030yUIHO20 CcyOHa
8 npouecce paspabomku U npousgoocmea, a Mmakxe peosioXeHbl
HarpaesieHus rnosbileHuss besonacHocmu rosemos nymem 8HeceHust
U3MeHeHUl 8 peafiamMeHmbl 110 0p2aHU3aUUOHHbIM, MEXHUYECKUM U
MEXHOI02U4eCKUM Mepam.

Bbigodbi: Pesynbmamel aHanuia rnodmeepxoarom npedrnockiyiku O
hopMUPOBaHUU BO3MOXHbIX HanpasneHul 8 pa3sumuu U rMosbileHuU
b6e3onacHocmu o/1emo8 B60EHHbIX JlemamenbHbIX arnnapamos 3a
cyem co8epuieHCmeo8aHUsi cucmeMbl U YyCMaHOBKU asualUoHHbIX U
Ha3eMHbIX MexXHUYecKuUx cucmem (npubopos u o6opydosaHus).

Knroyesbie criosa: 6e3onacHocmb r10/1emo8, B0€HHasl asuauus,
HalexxHoCcmb fiemamesibHbIX arirnapameaos.

TEXHWUYKN ACTEKTU BESBEOHOCTW NETEHA BOJHNX
BA3YXOrIJIOBA

Mupocrniag M. Yectuh?, Briada C. Cokonosuh®, ayTop 3a npenucky,
Mapjan 0. Oopnh®

YHuBepauteT ogbpaHe y beorpaay, BojHa akagemuja,

Beorpapg, Penybnuka Cpbuja

OBJIACT: Ba3gyxomnnoBHe TEXHOIOMM]E U OApXKaBaHe
KATEFOPWJA (TWIM) YNAHKA: nperneaHu pag,

Caxemak:

Yeod/yurb: Ynompeba caspemeHuUx 80jHUX 8a30yxorsioga 3axmesa
U3y3emHo Harpesare JbyOCKUX U MamepujanHux romeHyuja 3a
obesbehere ycrioga 3a usepwasare HaMeHCKUux 3alamaka. CrioxeHa
mexHoriozuja, pasnu4yumu fpoCcmMopHU U 8PeMEHCKU ycriosu yrompebe
easdyxonnoea Hamehy rnompeby 3a cmeapaH-eM oOp2aHu3auujckux U
MexHUYKUX ycrioea 3a ucriomMoh numomy y mokKy nemersa, a paou
cuzypHoe U rnomriyHoe ocmeapera siemadkoe 3adamka. Ljurb osoe pada
Jjecme 0Oa ce, KpO3 onuc ymuuaja mexHU4kux ¢hakmopa Ha 6ezbedHocm
nemersa, udeHmuukyjy moeyhu npobremu y op2aHu3auuju cucmema
b6eszbedHocmu niemera U npoHahy Hajborba pewersa 3a HUX080
rpesa3suriaxeH-e MOKOM XUB0MHO2 UuKriyca ea3dyxorsiosa.

Memode: Y ucmpaxugary cy npeo aHanuaupaHu rfpornucu Kojuma je
peeynucaHa obriacm 6e36edHocmu nemera, a 3amuMm je u3spuieHa
Oeckpurnyuja mexHU4YKuUx cpedcmasa U HUx08 ymuuaj Ha 6e3bedHocm
nlememsa.

Pesynmamu: Ha ocHogy u3sspweHe aHanusze, OeguHucaHe cy
akmueHocmu Ha obe3behery noysdaHocmu ea3dyxoriosea y MOKYy
passoja u rnpouszsoOH-e U rpedroxeHu cy npasyu yHarnpehema
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beszbedHocmu jiemerba, Kpo3 UsMeHy U OOryHy peaysamuee, Kao U
opeaHu3ayuUjcke U mexHUYKO-MexHOIoWKe Mepe.

Bakrbyyak: Peaynmamu ussplieHe aHanuse riomephyjy npemnocmaexke
0 moeyhum ripasuuma paseoja U yHanpehewa 6e36e0Hocmu remerba
80jHUX 8a30yxornsioea Kpo3 ycaspwasare U y2palkby MEeXHUYKUX
cucmema (ypehaja u onpeme), Kako 8a30yXOriogHUX, Mako U
3eMarbCKUX.

Kbyuyne peuu:. 6e3bedHocm  nememsa, 60JHU  8a30yX0nsos,
rnoysdaHocm 8a3dyxorniosa.
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CABPEMEHO HAOPY>XXAHE N BOJHA OMNPEMA
COBPEMEHHOE BOOPY>XEHVE 1 BOEHHOE OBOPYJOBAHVE
MODERN WEAPONS AND MILITARY EQUIPMENT

Pycuja passuja npotmBbpoacky 6annucTnyky pakeTty?

Pycuja pagu Ha pasBojy HoBe npoTmBbpoacke Ganuctudke pakeTte y
OKBWpPY CBOje cTpaTervje NnpoTuB nNpuctyna/yckpahmeara nogpyyja.

MaeewTaju n3 Pycuje cyrepuwly ga oHa ybp3aHo pasBuja NpOTUBOPOACKY
G6anucTtnyky pakety, nnm ASBM (anti-ship ballistic missile), knacy opyxja koja je
nonynapHo HasBaHa ,ybuua Hocaya aBuoHa”. PaHuje HenosHaT npojekaT
pakeTe, Nog PyCKUM UMEHOM Zmeyevik (LUTO 3Ha4n CepneHTUHUT, BPCTa CTEHE),
Aojaje CHaXHy KOMMOHEHTY pyCKOj cTpaTternju npotumB npuctyna/ogbujama
nogpydija (anti-access/area-denial A2/AD), koja Beh ykrby4dyje pasnmunte pakeTe
3a obarncky oabpaHy 1 xunepcoHuyHe NpoTuBBpoacKe pakeTe y pasBojy.

lMpema n3BeLwTajy pycke ApxaBHe HOBUHcKe areHuumje TACC, 3acHoBaHOM
Ha [OBa HeMMmeHoBaHa wu3Bopa ,0MMCKMX MWHUCTApPCTBY oabpaHe U BOjHO-
NMHOYCTpUjcKOM komnekcy”, Zmeyevik ce Hanasu y pasBojy, a kime he 61K
onpeMrbeHe jeauHuue obancke ogbpaHe pycke MOpHapuLe.

MpojekTun, 3a Koju areHunja Kaxe aa je NpBEHCTBEHO HaMeHEH 3a rahame
BENMMKNX MOBPLUMHCKMX Nnatdopmu, ykibyyyjyhyu Hocaye aBuoHa, 3anpaBo je
Ganuctnyka paketa ca 3aBpWHOM a3omM MaHeBapPCKOr  XUMEPCOHUYHOT
nnaHupajyher Bosuna (maneuvering hypersonic glide vehicle — HGV).

JegaH M3BOp HaBeo je Ada je paketa Zmeyevik Bpro ClMYHA KUHECKUM
B6anuctnykmm npojektunuma DF-21D n DF-26B ASBM ca goMeToM of oko 4.
000 kunomeTtapa.

[eTarbn 0 TpeHYTHOM CTaTycy pasBoja pakete Zmeyevik Hucy nosHaTtw,
nako je areHumja TACC HaBena pa ce obpatuna komnauuju NPO
Mashinostroeniya 3a komeHTap, npeTnocTaerbajyhm pa Ta npojekTaHTcka
areHumja pasBuja oBy pakeTy. Komnanuja Huje opgroBopuna, anu Tpeba
HanomeHyTn aga NPO ,Mashinostroeniya” npou3Boan  XMMNEPCOHUYHY
nNpoTUBGPOACKY pakeTy Zircon 3a NOBPLUMHCKE paTHe OpogoBe M nogmopHuue,
MaHeBapCKO XMNepcoHW4Ho nnaHupajyhe Bosuno Avangard HGV koje Hoce
WHTEPKOHTUHEHTanHe Oanuctudke pakete (ICBM) n cuctem obancke oabpaHe
Bastion koju je HaopyaH CynepCcoHUYHUM pakeTama Onyx.

CapagHvum cajta  War Zone pasroBapanM cy ca [Omutpujem
CredaHoBnyem, Hay4yHUM capagHukom y LieHTpy 3a mefyHapoaHy 6e36eaHocT
IMEMO RAS, o werosum 3anaxarunma y Be3u ca pa3BojeM pakete Zmeyevik.

,V3rnega na je oBaj npojekat 3aucta 6vo y pa3Bojy HEKO BpPEME, Mako Huje
OUNo HWMKaKBUX TECTOBA KOjuU Cy MOMEHyTW unu npumeheHun, WTo, HapaBHO, He
3HauM Ja HuWje MOrfo Ja ce ChnpoBede TecTupake npoToTuna”, pekao je

1 July 13, 2022 www.thedrive.com/the-war-zone
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CtedbaHoBny. [NpojekToBak€ Op3ux NpoTMBOPOOCKNX paketa je
KapakTepucTuyHo 3a CosjeTe u Pyce.

Mefhytum, CtedpaHoBUY je ykaszao M Ha Heke HepgocTaTke KoHuenTa, 6ap
LUTO Ce TMYe pycke MOpHapuLe:

,C o0b3npom Ha pgomeT n Op3uHy pakeTe, noTpebHa je o036urbHa
(intelligence, surveillance, and reconnaissance ISR) aktuBHocT (0o6GaBeluTajHa,
Hags3opHa 1 ussuhadka) n MoryhHOCTU UMrbakwa, kKao 1 HaBohewe Yy Kpajibem
cTtagvjymy neta. MaHeBapcka Bo3una ca noBpaTtHMM YNackoM U XMNepCOHU4YHa
nnaHupajyha Bosuna cy npyMMapH/A TUM KOPUCHOT TepeTa y OBOM Cry4ajy anu
nocToje u ouurneaHe npasHuHe y pycknm ISR cnocobHoctuma.”

Ha ocHoBy Tora, nocTtaBuio ce NuTake 0 ToMe Ha koju HauuH KnHa gobuja
nogartke O UMby Kako 6u ycnewHo HaBoguna cBoje ASBM, nako ce 4vHu ga je
MekuHr y ToM nornegy Bulle HanpegoBao. JegHa onuuja 3a Pycujy 6una 6u ga
KOpUCTM CBOje CUCTeMe 3a ocMaTpake Mnpeko xopusoHTa (over-the-horizon —
OTH), 3a ynosopewe M UuIbake, KOCMUYKE CEeH30pe, kao M CBOjy oty
MOMOPCKMNX MaTPOSIHUX aBuMOHa Benukor gometa. 3a pasnuky oa KuHe, Pycuja
TPEHYTHO Hema Benuky GroTy 6ecnunoTHMX netenuua Benukor goMeTa Ha
BEMMKMM BUCMHaMa koje ©Om mMornme pga MnoMOrHy Yy MpoHanaxekwy
HenpwujaTerbckmx rnoTta u NnpeHecy Takse MHMOPMaLuje pakeTHUM jeauHuLlama,
Nako je To NoANoXHO NpoMeHun y byayhHocTw.

Pycku MopHapuyKku namposiHu aguoH II-38N

,POKyC Ha obanckm pakeTHM cuUCTeM Kao npumapHy nnatdopmy (3a
pasnuky opf npojektuna Zircon, Ha npuMmep, Koju he y nodveTky onpemaTtu
noBpLUMHCKE nnaTtdopme) BpedaH je naxwe” HactaBuo je CrtedaHoBWY.
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,OBaKBU CUCTEMW NMajy CBOje reHepuyke pagapcke MoryhHOCTM 1 BEpOBaTHO WX
je nmakwe noBe3aTu ca LUENOKYNHOM WMH(OPMAaLMOHOM MPEXOM O CUTyaLuuju
npeko mopa y 6nmnsmHm pyckmx obana, koja namehy octanor ykrbyyyje pagape
3a ocmaTpare M3a XOpM30HTa, Mako je OBO camo crekynauuja’.

»,OCVM Tora, pycka MmopHapuua je Beh nokasana Beoma pearnHy cnocobHocT
KOMHeHor Hanaga cBojuM obanckum pakeTHMM cuctemuma (Bastion wu
noassy4yHuM Bal), roe ce Ta nckyctBa MoOry MCKOPUCTUTU Y pa3Bojy NpojekTuna
Zmeyevik. MiHaue, Pycuja TBpauM Aa je kopuctuna cBOj pakeTHU cucTem obarcke
onbpaHe Bastion-P 3a ygape Ha KomHeHe uurbeBe y YKpajuHW y akTyenHom
CYKOOY.

i §
‘. ﬂA -l

CucmeM oGarICKe 006paHe Bastion-P

KoHauHo, pacnopehuBare KOnHeHVX paketa goMeTa 04 HEKOMNMKO Xurbaga
KMnomeTapa TeLLKO Aa je y ckragy ca pyckuM camoHaMeTHYTUM MOopaTopujyMOM
Ha Hepa3melTawe opyxkja (Intermediate-Range Nuclear Forces — INF) cpearser
AomeTa (HykneapHe cHare cpefher goMeTa) HakoH pacnaga oBor crnopasyma’,
npumeTuno je CtedaHoBuy. ,HapaBHO, He 3HaMO BPEMEHCKM OKBMP 3a CTBApHO
pacnopefuBare, Tako Aa je moryhe aa he amepuyko opyxje nonyTt Long Range
Hypersonic Weapon — LRHW (xunepcoHuyHo opyxje ayror aometa), Dark Eagle
unn Mid-Range Capability — MRC (cnocoGHOCT cpefgwer [omeTa) Yy
mehyBpemeHy 6uTu pacnopeheHo y EBpony unu Asujy Ha wta Tpeba obpatnuTtu

naxmy.”
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Y npownoctn ce pasroBapano o MoryhHocTuma ASBM y KMHECKOM
KOHTEKCTY, y 0bnuky DF-21D u DF-26.

Capa ce 4uHM ga Pycuja, Takohe, nokywasa Aa NoHyau OpyXje Yy CIIMYHOj
kateropuju. Mako Hema petarba O BpPCTM naHcUpHe nnatdgopme kojy he
Zmeyevik kopuctutn, moryhe je ga he 10 6uTM Bprno mobunHe KoMHeHe
nnatcopme, kakse kopucte kmHecke ASBM un gpyre pycke mobunHe pakeTte 3a
obancky oabpaHy.

Lto ce Tnye nomeHyTor KnHeckor opyxja, DF-21D je Banuctuyka paketa
cpeawer gometa (medium-range ballistic missile — MRBM) — geduHucaHa kao
OanucTnyka paketa ca MakcumanHum gometom umamehly 1.500 m 3.000
knnometapa. Y wmehyBpemeHy, DF-26 je knacudumkoBaHa kao OanmcTtuuka
pakeTa cpeawer gometa (IRBM), kateropuja Koja ce cacToju of opyxja Beher
JomeTa cnocobHor ga norogv UMrbeBe Ha yaarbeHoctu nameRy 1.000 n 5.500
kunomeTapa. Ha ocHoBy 3BaHMYHMKa Koje uutupa areHuuwja TACC, unHu ce ga
je Zmeyevik ynopeamsmju ca DF-26B, y nornegy gomerta.

MonyTt DF-21D n DF-26B, 3axTeBun pakete Zmeyevik 6unm 6u ga werose
HGV ©6ojeBe rnaeBe umajy [OBOSfbHO MaHeBapcKe CMocobHOCTM Aa noroge
Benvke 6GpoaoBe Koju ce penaTtyMBHO Cnopo Kpehy, Kao LWTO Cy HOCayn aBMOHA,
koje 6u 6unu mehy npumapHum uureesmma npojektuna. HGV 6u, BeposaTHO,
KOpUCT1O pagap w/vunuv MHdpaupBeHn Tparady 3a TEpMUHANHO HaBohewe, nako
je TO y 0BOM TPeHYTKY Huje noTBpheHo.

MocToju Yak n moryhHocT ga 6u Pycu npunaroannu noctojehy 6annctuuky
pakeTy kpaTkor gomeTa Iskander-M kao ocHoBy 3a Zmeyevik, nako je To opyxje
MHOrO Mak-er AoMeTa, CMocobOHO Aa Morogu UMibeBe Ha yaarbeHOCTUM 0f OKO
500 kunometapa. MehyTtum, Iskander-M je Beh kopuwheH 3a cTBapawe
Banuctnyke pakete ca BasgywHuM naHcupawem Kinzhal koja uma pomer
nmamehly 1.500 mn 2.600 kmnometapa. Y wmehyBpemeHy, KuHa wucTpaxyje
moryhHOCT ynoTpebe BanucTuyuknx paketa KpaTkor gomeTa y npoTuBOpoackum
Mucujama, npu vemy paketa CM-401 Takohe mma oppeheHe cnu4HOCTU ca
paketom Iskander-M, y nornegy BenuuuHe un wu3rmepga. [llekuHr caga
pacrnopefyje cnuyHe OanuCcTU4YKe pakeTe Ha CBOjUM MOBPLUMHCKUM pPaTHUM
6pogoBuma Koju he Bpno BepoBaTHO MmaTtu NpoTMBOpoAcke cnocoBHOCTM MMn
he ux crtehu y 6yayhHoctu. Ha kpajy, n Bepauja Koja ce naHcupa ca 6popaa
Takohe moxe 61TK onuuja 3a nporpam Zmeyevik.

Takohe, BaXHO je 3HaTK Ada ce He o4ekyje Aa Zmeyevik genyje cam, Beh 6u
pakeTa uuvHuna jow jedaH croj nocrtojeher pyckor A2/AD ,kuwobpaHy” Koju
cnyxu 3a oabpaHy HeHuMx obana u TepuTopuje OKO HUX. KOHKpeTHO, pycka
ctpaternja A2/AD dhokycupa ce Ha MOMOpcKa nofpydja oa nocebHor 3Hauvaja,
cTBapajyhu Tako3BaHe ,30He 3a ONTMMAarHoO aHraxoBawe paketa” (super missile
engagement zone — MEZ), kao wto cy obnactu y LlpHom Mopy K oko
KanuwuHrpaga y bBantudukom wmopy. OHu  KOpucTe pasnuuute TUMoBse
NPOTUBOPOACKNX pakeTa — MOPCKOr, KOMHEHOr M Ba3dyLUHOr faHcupawa, 3a
onbujare paTtHmx 6pogosa HATO-a.

Mopen ycnoctaBreeHux MEZ y LipHom mopy u Ha Bantuky, Pycuja je
Takofe y npouecy pa3Boja CrUYHUX kanauuTeTa Ha ApPKTUKY, kKao 1 Ha [Janekom
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NCTOKy, rge cy cnopHa Kypuncka octpea y nocebHom dokycy. 3Hauyaj ASBM
ayror gomeTta y oba oBa cTpaTewka no3opuwTa je jacaH. Pycuja je Beh
Harnacuna pacnopefljuBawe HOBMX MNPOTUBOPOACKMX pakeTa Basgyx-Mope U
KOMHEHMX naHcepa NpoTMBOPOACKUX pakeTa, nopep ocTanor BOjHOr xapAasepa,
Ha OBMM WCMocTaBama, Kao [e0 CBoje wwupe cTpatervje A2/AD. Y Tom
KOHTekcTy, ASBM 61 B1nun yTonumko KopucHuju kaga 6v 6unu y ctawy ga rahajy
n KkonHeHe uurbeBe. Wmajyhm y Bugy pycky Tpaguuujy passoja
npoTuBGpoAcKnx/HanagHMX paketTa OBOCTPyKe yrore, TO u3rnega BepoBaTHO.
Ipyra moryha nokauuja 3a pakeTy Zmeyevik je MeauTtepaH, 3a koju Mocksa
nokasyje cse Behe MHTepecoBawe. Y OKBUPY TOr MoApydja NocToju onuwuja
cTaumoHupatwa ASBM y Cupwuju, Hewto wTto je Pycuja Beh ypagumna ca
NpoTUBOPOACKMM pakeTama Koje ce naHcupajy 13 Basgyxa.

HanekomeTHn ASBM 61 omoryhimno pyckoj MOpHapuum ga aHraxyje patHe
6pogose Ha MHOro Behm yaarseHocTuMa, U 4O HEKONMKO Xurbafda KurnomeTapa
Aarbe of penatnsHe 6e3bedHOCTM pycKor KoMnHa, rae 6w 6unu 3awTtuheHnjn oa
NMPEeBEHTUBHUX Mepa unu npoTuMBydapa. 3a pasnuky og Apyrux obanckux
oabpambeHnx cuctema, ASBM 6u, Takohe, 610 y cTawy Oa aHraxyje mete Ha
BEOMa LLUMPOKOM noAapydjy 6e3 HeonxodHOr NMPeTXo4HOr NpeMeLuTana.

Y ucto Bpeme, OBakBO opyxje Ou nomorno ga ce HagoKHagu pernaTuBHU
HeJocTaTak CaBpeMeHMX MpoTMBOPOACKMX CMOCOBGHOCTM  Agyror JoMeTa
MOBPLUMHCKE (hrnoTe pycke MopHapuue, ¢ 063MpoM Ha TO Aa ce aMbMLUMO3HM
nporpamu 3a nsrpagty HOBMX krnaca paTHUx 6pogoBa 4O caga HUCY OCTBapuWnv.

Y wmehyBpemeHy, nocTojehe knace nOBPLUMHCKMX OGpogoBa pycke
MOpHapuLe pasBujeHe cy NpBeHCTBEHO 3a raflake HATO Hocaya aBuMoHa U
OpyrMx paTtHux OpogoBa Bucoke BpegHocTu. Pagum ce o GpogoBuma knace
Project 1144 vnun Kirov n kpctapuua knace Project 1164 vnu Slava, un huxosum
npoTMBOPOACKMM pakeTama, Koje daTtupajy wm3 XnagHor pata. PenatusHa
pak1BOCT OBUX TUMOBA MoBMNa nokasana ce kaga je npojekat 1164 kpctapuua
Moskva notonsbeHa TOKOM paTta y YKpajuHu, Kao Unib YKPajUHCKUX NOA3BYYHUX
npoTusbpoackunx npojektuna Neptune.

Mako Ou xmnepcoHumdHa pakeTa Zircon Tpebano ga ob6e3bean pyckoj
MOpHapuUM 3HaTHO noborbliaHe cnocobHocTn npoTmBGpoacke 6Gopbe, oBO
OpYyXje joww yBeK Huje y ynoTpebu, ynpKoC OMCEXHUM UcnMTUBawmMa. 3Haumn ga
6u oBaj nporpam morao Havhu Ha notewkohe nojasunu cy ce 2020. roguHe,
Kaga je BoAehu 3BaHWYHWMK pycKe MOpHapuue HaBeo HeoppeheHe ,Oednje
6onecTtn” y cBojum pa3BojHMM Hanopuma. Vmajyhm 10 y BUay, pa3soj ASBM 6u
Morao 6uTu 4ak u jeaHocTaBHMjU, NOcebHO MMajyhu y BUaOy pycko MCKYCTBO ca
paketom Avangard u moryhHocT kopuwhera noctojehe 6anuctuyke pakete 3a
Howewe npoTtmeBbpoackor HGV. Yak u ca npojektunom Zircon, Koju
dyHKUMOHMLWE ©e3 npobrnema, OBO je OpyXje MHOro Maker [OMeTa, Koje
BEpOBaTHO [JOCTWXKE UWbEBE Ha MakCcumanHoj ygarbeHoctn og oko 1.000
KMnomeTapa.

Tpeba pehun pa opbpaHa on Hanaga npojektuna Zmeyevik Huje
jegHocTaBHa. Yak 1 yodaBake U OTKpUBake OANMCTUYKMX MPOjEKTMA MOXe
OUTN KOMMNIIMKOBAHO, LOK je HWXOBO MpecpeTawe MHOM0 Wu3a3oBHUjE Of
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OTKpMBawa M aHraxxoBaha Kpctapehux pakeTa koje Hucko nete. 3a caga ce,
MeRyTuMm, He 3Ha da nu je pyckn ASBM yonwTe TectnpaH, a kamonu ga nv he
mMohu noysgaHo ga norogu MeTy Kojy npeAcTaBrba Benukn 6poa y nokpeTy, kao
LUTO je HOCay aBMOoHa.

MefyTum, ako oBa TexHonoruja npodyHKUMoHUWe, kopuctn og ASBM 3a
pycke opyxaHe cHare cy jacHe. Capga, kaga je pycka uHBasunja Ha YKpajuHy
Josena Ao Aarber 3aowTpaBaka W noteHuujanHor cykoba ca HATO-om u
3anagom, notpeba Pycuje 3a cHaxHum A2/AD kanauuTeTuma BepoBaTHO he
noctatu jow Beha. buno ga 6yge Ha Apktuky, banTtuky, y LipHoM Mopy mnu Ha
Hanekom wnctoky, pyckn ASBM 6u gogatHo noBehao puank GMNo Kojoj Apyroj
MOpHapuun koja 6m ognyuyuna ga genyje y osum obnactuma. Mmajyhu 1o y
BMagy, NOMHO he ce Npatntn garbu passoj nporpama Zmeyevik.

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

ORCID iD: "“*https://orcid.org/0000-0003-1620-5601

MNMoamopHuua knace Kilo ca ,pump-jet” nponynaunjom?

JeomHcTBEHa pycka Amsern-enekTpuyHa nogmopHuua Alrosa, HaopyxkaHa
HoBUM KpcTapehum pakeTama, NopuHyTa je y Mope pagu UCnMTuBaka npe Hero
wTto 6byge onepaTtuBHo pacnopeheHa y LipHomopcky dnoty. OBa jeanHcTBEHA
nogMopHuua, Hajctapuja y LipHoMopckoj gonioTu, BepoBaTHO he ce npugpyxuTu
6opbeHum onepaunjama npotuB YKpajuHe, Yy Kojoj Pycuja BoanM nojavany
Kamnawy pakeTHor bombapaoBatb-a.

Pycka gpxaBHa HoBuHcka areHuumja TACC wusBectuna je, y jyHy 2022.

roguHe, aa je Alrosa, nogpapuvjaHTa Au3ern-enekTpuyHnx nogmopHuua Project
877 vnn knace Kilo, nopuHyTa y mope kako 6y ce 3anodyena ncnuTnBamwba HaKoH
Hagorpagwe. To je objaBuna 13. pabpuka 3a pemoHT 6pogoBa LipHomopcke
dnote y CeBactonosvy, Ha Kpumy.
.floamopHuua je nopuHyta (y mope u3 CeBacTtonosbckor 3anmea). [pBu nyT
TOKOM OCaM roauHa 6uhe TecTupaHa y pasnuyutum pexnMmmma paga u mopa ga
AoKaxe CBOjy CMOCOBHOCT Aa paauv y cknagy ca CBOjMM HameHOM”, caonwtuna
je dabpuka.

Ha gpywTtBeHumM mpexama nojaBune cy ce dotorpaduje 1 BUOEO-CHUMLM
Ha Kojuma ce BuMAM Kako Alrosa HanywTa CepBUCHO MNOCTpojewe. BaxHo je
HaNoOMeHYyTW Aa je HejacHO Konuko he TpajaTv oBa ucnuTMBaka U kaga he TayHo
noAMopHULa OUTK NpornaileHa cnpeMHOM 3a onepaTtueHy ynoTpeby. LTasunwe,
TO cy pabpuuka ucnuTMBawa kKoja he BepoBaTHO OMTU npaheHa Qarbum
ucTpaxmnsarwmma Koje he cnpoBecTn pycka MopHapuua.

lMocToju HekonWKo feTarba O CTeneHy Hajorpagke, anu ce HaBoau Aa je
NOAMOpPHULA NMpeHaopyXaHa NoA3ByYHUM kpcTapehum paketama 3M14 Kalibr,

2 www.thedrive.com/the-war-zone Jun 28, 2022
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nosHatux y HATO-y kao SS-N-30A Sagaris. OBO opyxXje je y LMpoKoj ynoTpebu
y Pycuju op nouyetka pata y VYkpajuHu, a naHcupa ce ca 6pogoBa u
noamopHuua. lNpe Tora, oBe pakeTe KOpUCTWNA je pycka MOpHapuua TOKOM
nHTepseHumje Mockse y rpahaHckom paTy y Cupuju. Paketa 3M14 Kalibr je y
BENunkoj Mepu cnuyHa Kpctapehoj paketu RGM-109 Tomahawk, a
npetnoctasfba ce pga uma pgometr usmehy 1.500 n 2.500 kunometapa,
HaopyXaHa je BMCOKOeKCnnosnsHoMm 6ojeBoMm rrnaBom Mmace 450 kunorpama.
Pakete Kalibr mory ce 3ameHuntn npotusbpoackmm paketama 3M54, anu ¢
0631poM Ha OACYCTBO YKpajUHCKe NpeTHE y BUAY NOBPLUMHCKMX OpogoBa, Marno
je BepoBaTHO ga he nogmopHuLa 6uTn HaopyxaHa H1ma.

ﬁv,..

Alrosa, Ha cysom oKy, omkpusa demasbe c802 rPUIUYHO HarpedHoe du3ajHa MyMIHO-
Mra3Hoe rnoeoHa.

Mpownor Meceua, y ussewTajuma pyckux ApXaBHUX Meauja, onmncaHu cy
enemMeHTn Hagorpagkwe nogmopHuue Alrosa koje cy ykiby4uurne ,HoBe 6opbeHe 1
TEXHUYKe CMocobHOCTW”, Koje Cy JoBene OO0 CTaHgapAda ynopeavBor ca LiecT
yHanpeheHnx nogmopHuua LlpHomopcke pnote nocneawux roguvHa. To ce
OfHOCU Ha HajHOBWje nmoaMopHuue knace Project 636.3 unu Improved Kilo, a
Koje oag camor nodyeTka umajy pakete Kalibr. OBe MmogepHuje nogmopHuue
ncnopy4eHe cy usmehy 2014. n 2017. roguHe.

OHo wrTto je HeobuyHo kog nogmopHuue Alrosa, koja je yHanpeheHa no
jeanHCTBEHOM CcTaHgapAdy no3HaTtoM kao Project 877B, jecTe HeH MOrOHCKM
cuctem. [Jok ctaHgapaHe gusen-enektpuyHe nogmopHuue knace Kilo nokpehe
nponenep ca WecT unu cegam nonartuua, Alrosa nma mMnasHu nponynsop.

MnasHo-nyMnHU NOroH MMa HU3 NPeaHOCTU Y OOHOCY Ha nponenepe, npe
cBera MoryhHocT goctusamwa Behux 6p3vHa 6e3 OyyHe kaBuTauwuje, WTO 3HAYM
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da ce MOry npenasutu Benuke yparbeHocTu MHoro 6pxe. lMpema pyckum
u3BelTajuma, NOAMOPHULIE Ca MMasHMM nNymnamMa HasuBajy ce u ,LpHe pyne”
360r CBOjMX KapakTepucTuka 3a cysbujame byke.

LWrasuwe, mMnasHuue nymne cy, Takofe, edukacHuje y OAHOCY Ha yKyrnHe
nepdopmaHce NOAMOPHULIE N UCKa3yjy NocebHe NpeaHOCTU Y NNUTKMM Bodama,
WITO Ce Hapo4uTo opgHocu Ha LlpHo Mope. VcToBpemeHO, MnasHe nymne cy
TellKe, CKyNnrbe U CNoXeHuje og npornenepa, anu cy He4aBHO HaLUme NPUMEHY U
Ha HekMM nogMopHuuama knace Trafalgar KparbeBcke mopHapuue, a KacHuje u
Ha amMepuyKkMM HamagHUM HyKrneapHMM nogMopHuuama krace Seawolw 1
Virginia.

UnHn ce pa je kog nogmopHuue Alrosa nymnHO-mnasHUM MOroH 6uo
HaMeheH CaMO 3a eKCNepuMMEHTarnHy ynoTtpeby, Te ce KacHuje Huje MOHOBO
nojaeuno y kacHunjum utepauujama Kilo gusajHa. Mehytum, nyMnHO-mnasHu Norox
nokpehe pycke MOAMOpPHMUE ca BanuCTUYKMM NPOJEKTUNMMA Ha HyKNeapHu
MoroH krace Borei.

Alrosa je 3HaTHO cTapuja nogmopHuua, uarpafeHa y 6pogorpagunuuTy
KpacHoje CopmoBo y Tagawrwem lopkom (gaHac Huwxrin Hosropopa), v npeu nyT
je nopuHyTa y centembpy 1989. rogmHe, HenocpegHo npe pacnaga CosjeTckor
CaBesa.

Ca HecTaHkOM coBjeTcke MopHapuue, Alrosa je octana Ha Kpumy, koju je
Taga jow yBek OMO Oeo HoBe HesaBWcHe YKpajuHe. MoguHe 1992. Behu geo
LipHoMopcke chnioTe koHTponucana je YkpajuHa, a nokywaHo je n popmupane
He3aBKCHE YKpajuHCcKe MopHapuue. Pycku n3BeluTaju HaBoae Aa je, y mapTty Te
roguHe, YKpajuHa nokywana fa 3anneHu nogmMopHuuy, Mako je HepgocTaTtak
pesepBHUX Aenosa u 6atepuja y ToO Bpeme oHeMOoryhmo nogMopHMLUM OejCTBO Y
pefoBHUM onepauujama.

Be3 o063upa Ha TO, cuTyauuja je 6Gp3o gosena Ao TeH3nja ca MockBom un
Aorosopa o 3ajegHu4koj pnoTtu nog dunaTepanHoM KOMaHAOM, UaKo je y npakcu
OOMUHMpana pycka mMopHapuua, Koja je 3agpxana csoje yrnopuwite Ha Kpumy.
YKpajuHcKa MopHapuLa je HacTaBuna ga noctoju, Takohe, kao nocebHa LenuHa.

KoHauHo, 1997. roguMHe noTnucaH je cropasyM KojuM cy MnoferbeHa
cpencTBa 6umBLle coBjeTcke LipHomopcke dnoTte nameny YkpajuHe n Pycuje, npu
yemy je Mockea nnahana KujeBy 3a kopuwhewe KpMMCKUX MOMOPCKMX objekaTa
Ha OCHOBY yroBopa O 3akyny. Y ToMm TpeHyTKy, Alrosa je nocTtana jeguHa
akTMBHa noamopHuua pycke LipHOMopcke croTe, uvjn je cTpaTeLlkn 3Hauyaj
onao ogMax HakoH 3aBpLueTka XnagHor para.

HakoH pycke aHekcuje nonyoctpBa Kpum, 2014. roguHe, ykpajuHcka
MOpHapuvua je ucerbeHa, a pycka LipHomopcka cnoTta je npeysena KOHTpomny
Hag bmBLIKM BpoaOBMMA YKPajUHCKE MOPHapuue.

Y roguvHama nocrnie aHekcuje, Alrosa je yamuna y nyum y CeBacTonorby.
Mako je weHa Hagorpagwa M MNOHOBHO aKTUBMpare 3arno4yesio MHOro npe
aKTyernHor pata y YKpajuHu, YnMHM ce da je ogniyka Aa ce nogmopHuua Bpatu
LipHomopckoj ¢notn BoheHa 3axTeBmma cykoba, a nocebHo noTpebom 3a
KpcTapehum npojekTunuma nnatgopme.
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lNModmopHuya Project 877B Alrosa y Cegacmoniorby, y ageycmy 2005. 2oduHe

[o noyeTtka jyHa ouekmBano ce ga he Alrosa npehn y bantunuky dnorty,
Kaga ce Bpatu y ynotpeby, a Aa he ce 3aTum KOpPUCTUTU Kao MOOMOPHMLA 3a
obyky nocaja HamewseHUX 3a HoBuje nogmopHuue Project 636.3. Ogaj
TpaHcdep npBobuTHO je Guo nnanHupadH 3a 2020. roguHy, anu je HaBogHO
3aycTaBrbeH 300r Kallkbera y pagoBrMa Ha nonpasuum.

3atum, 17. jyHa 2022. roguHe, 06jaBrbeHo je aa he Alrosa nnak octatn y
cactaBy LlpHomopcke cnote, y 4. camocTanHoj nNoaMOpHUYKoj Gpuragm y
CeBacTonorsby.

Ha ognyky aa ce Alrosa 3agpxu y cactaBy LipHomopcke dnote moxaa je
yTvuana u AOoCTYMHOCT OCTanux LIecT nogmopHuua. HenotepheHn mnsBelwlTaju
cyrepuwly fa je, cpeguHom jyHa 2022, cnoTta umana camo ABe nogmMopHuue
Koje cy bune noTnyHo akTMBHE M onepaTuBHe y LipHOM Mopy, OOK cy jow aBe y
npunpemun y CpegoseMHom Mopy. Of octanux nogmopHuua, jegHa je 6una Ha
CyBOM JOKYy, Apyra je nocneftm nyT BuheHa y mMajy, a Tpeha je 6buna ycugpeHa
y CeBacTonorby.

Yak n 06e3 nojayaBawa Temna Hanaga Kpcrapehum paketama, 360r
TpeHyTHe cuTyaumje, LlpHOMOpCKOj noTM y BeNuKoj Mepu HedocTajy
nogMmopHuue. Takohe, ynuTHa je n3BOASBUMBOCT Bpahawa ABe NogMOpHULE U3
CpeposemHor mopa y LipHo mope 36or ycnoBa MoHTpejcke KOHBEHUMje.
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KoHBeHUMWja nocTaBrba orpaHnyera 3a patHe 6pogoBe koju He npunagajy
Typckoj, a nponase nameny LipHor mopa u Cpego3emMHor Mopa 1 npowumpyje ce
Ha pycke noamopHuue. M3yseTak ce MOXe HanpaBWTM ako ce noamopHuua
Kpehe ka unu m3 matuyHe nyke Ha LlpHom mMopy pagu nonpaske, LITO je
aprymeHT koju je Pycuja kopuctuna y npowrnoctn. To je 6uo cnydaj ca
6op6eHum onepaumjama nogmopHuua LipHomopcke cpnote y Cupuju.

MeRyTnm, yak 1 ca cBux WwecT nogmopHuua knace Improved Kilo y LipHom
MOpY, PYTUHCKO oapxaBane, obyka nocage v JonyHa ropmea, opyxja u 3anuxa
Guhe TeLKo OapPXMBHN.

Tokom pasroBopa ca OpuTaHckum agmupanom [ejpuaom PagakuHowm,
rmaBHOKOMaHAOYjyhn yKpajuHCKUX OpyXaHux cHara Banepuj 3anyxHu u3Heo je
nogatak ga je, camo Tokom jyHa 2022. rognHe, Pycuja naHcupana Ha YKpajuHy .
npeko 150 kpcTapehux pakeTta ,ca pa3Hux nnatgpopmmn’,

Capga pasnuuute nnatdopme, ykbydyjyhm 6ombapaepe Tu-22M3,
naHcupajy cBoje pakete nsHag benopycuje, ctpatewkm 6ombapaepn Tu-95MS
n Tu-160 naHcupajy kpctapehe pakete usHag Pycuje, ook cy gocag nomMopcku
6pogdosu, ykibydvyjyhn cperate, kopsete n nogmopHuue LipHomopcke dnoTe,
Oyro umMarnu KrbyuvHy ynory y HaHoLehy OBUX yaapa.

Knaca Kilo je penatvBHO kOMnakTHa, a cBaka nogmopHuua Project 636.3
HaBOAHO HOCK camo YeTupm pakete Kalibr. Mako Huje noTBphHeHo, BepoBaTHO je
Oa HaporpafeHa Alrosa nma cnuyaH kanauuTer.

MobGosrblaHe nepdopmaHce NMyMMHO-MIIA3HOr MOroHa HWUCY of 3Havaja y
CykoOy y KojeM Hema MpoTUBMOAMOPHMYKE npeThe. YnweHuua ga je Alrosa
paHuje buna HameneHa 3a 00yKy cyrepuile ga 6uno koja NpeaHoCT Kojy joj aaje
jeANHCTBEHN MOroOH BEpOBaTHO HUje MNpoueweHa Kao [JoBO/bHa Ada 6u ce
oApXana Ha NpBOj NUHKUjKU OPOHTA.

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

ORCID iD: "“*https://orcid.org/0000-0003-1620-5601
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3Hauaj NpMBaTHOI CekTopa y NPON3BOAHN TaKTUYKe onpeme

lMponsBogHN nporpammn M3 AOMeHa HameHcke (oabpambeHe) nHaycTpuje
HUCY EKCKINy3WBHO pe3epBucaHu 3a pXaBHe npousBofade, Kao HW 3a OHE Yuju
je BeNVHCKM BnacHuK gpxaBa. HecymmbMBO, CBaka HauuoHanHa gpXasa U Te
Kako MMa uHTepec Aa y wTo Behoj Mepu KOHTPOMMWIIE W AWKTUPa PasBoj
HauMoHanHe HameHcke uHAycTpuje, pfdakne pomahux npoussohaya, ca
ceguTMMa M NPOU3BOAHOM Ha APXaBHOj TEPUTOPUjU. TO je NocebHO yourbmMBo
(v onpaBgaHo) kaga je y nuTaky, Ha NpUMep, NPOM3BOAHAa MyHULMje, OOHOCHO
pa3Boj U NPOM3BOAHA CTPATENMjCKOr KOHBEHLIMOHANHOr Haopyxama. [pxaBHa
ynpaBa OCTBapyje W WTUTM CBOje WHTepece Yy OBOj cdepu Kpo3
MO3UTMBHOMPABHO 3aKOHOAABCTBO W OpOjHE WHCTUTYTE, 3aTUM NNaHMparem
nsgataka y HauuoHanHom OyueTy, cyOBeHuujama, ann u obesbehumBarem
mMehyHapoOHe BOjHOTEXHUYKE capafwe WM TpaHcdepa TexHororuje, y OKBupy
MNOMUTUYKMX W MNOMUTUYKO-BOjHMX CMopa3yma ca napTHEPCKUM 3emIbama.
OpxaBa nma mHTepec y pyKkoBohewy HauMOHANIHOM HaMEHCKOM WHAYCTPWjOM
npBeHcTBeHO 3060r 6e3bGenHOCTH, jep ce, Ha Mpumep, Yy Criyyajy paTHOr cTama
HauuoHanHa gpxaBa Yy Hajgehoj Mepu mMopa ocnawaTtu ynpaBO Ha pecypce,
KanauuteTe W Mpou3BOAdE KOje je y CTawy CaMOCTanHO Aa ekcnnoaTtuiie,
OOHOCHO yBoaM y ynoTpebyl. Y HepaBHO] NpOLINOCTU JellaBano ce Aa cy
HabaBke pasnNUUMTMX cCUCTEMa M3 MHOCTpPaHCTBa 3a notpebe MwuHuctapcTea
ogbpaHe n Bojcke Cpbuje Gune mnm BeoMa oTeXaHe WM Yak CTonupaHe,
NPBEHCTBEO YyCren CroXeHNX reonoIMTUYKMX OKONHOCTK, 6e3 063unpa Ha TO LITO
je cpncka cTpaHa, kao kynau, 6una noTnyHo conBeHTHa. [pyra BpcTa pasnora
KOju M3ucKyjy A006po opraHmsoBaHy HauuoHanHy opbpambGeHy WHAOYCTpuUjy je
€eKOHOMCKe npupofe, jep je oBa obnacT nocrnoBawa Beoma fykpaTuMBHa, a
nocrneakwunx roguHa cy npumeTtHa n yBehaHa nsaBajarba cpefctaBa 3a opyxaHe
CHare, Kako y CBeTY, Tako U Ha npocTopy T3B. 3anagHor bankaHa?.

YOeo npuvBaTHOr ceKkTopa Yy OBOj OOnacTu MnocrnoBaka je MHOro BuLIe
N3paxeH y TpaauMUMOHArHO KanuTanuCTUYKUM 3eMribama, Yy KojuMa Cce TOKOM
AeleHuja nNpegy3eTHULWTBO, 3ajedHO ca Npey3MMakeM pu3nka U uHosaumjama,
MHOrO BWLLE MOAPXaBa, LWTO je NPMMETHO, Ha MpUMEpP, U Yy amMepuyKkoj
CrtpaTtervju HaumoHanHe 6e3begHoctn 13 geuembpa 2017. roguHe. OBO je u
MOTMYHO FOMMYHO, jep je Yy TpaguuMOHanHO KanuTanucTUYkuM npuBpeaama
yrnpaBo NpUBATHM CEKTOP HOCWMAaL, OFPOMHOI Kanutana, Kao U HajHanpegHujux
TEXHomMorvja 1 3Haka, a caMMM TUM M MHOBaUWja Koje KaTkad npeacTaBrbajy u
T3B. game changer, umajyhun noteHumjan ga nopemete nocrtojehn ogHoc cHara,
Aajyhm jeoHoj cTpaHM oceTHy NMpedHoCT, a pyBanuma 3agaTtak ga Ty npegHocT

1 To je ounrnegHo kaga je pey o ayToMaTCKMM MNyllKkama Koje ce yBoJe Kao ctaHaapaHo
NPYMapHO HaopyXXake Yy HaUuMOHarHe opyxaHe cHare. Haume, apxaBa ce, no npasuny,
Tpyou Aa Hajgehu aeo cBojux 6opbeHux jeamHuLa onpemu cucteMuMma Koje npovs3soam
HauMoHanHa HaMeHcka MHAyCcTpuja, nonyT cpncke nyuwke ,3actasa M21”, nnn ,3actasa
M70”, y pasnuuntum mogenvma.

2 Buwe o TomMe Yy 6Gasu nopataka CTOKXONMCKOr MefyHapoOHOr MWHCTMTYTa 3a
ncrtpaxusame mupa (CUMNPW): https://milex.sipri.org/sipri
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WTO Mpe [OCTUrHy, NpPecTurHy unu advynupajy. CnencrBeHo Tome, ynpaBo
MPMBaTHU CEKTOP BPJIO YECTO MoMepa rpaHuue u AuKTupa passoj TexHomoruja,
Ka0 W HUXOBY BOjHY annukauuvjy. Ynpaso 360r Tora, OpXaBHUM W BOjHU
pykoBoavouu Tpyde ce Ada ocTBapyjy wTo 6orby capagkwy ca Hocvouuma
npuBaTHOr cekTopa Yy 3emrbu, 06e36ehyjyhm MM LWTO NOBOrbHWMjE MOCNOBHO
OKpYXXEHe Ha pasnuuute HauyvMHe, NONyT Kpeupawa nubepanHujux npaBHUX
nponuca n cn. Ha Taj HaumH omoryhasajy jady cuHeprujy uamehy BpXYHCKUX
KanauuTeTa NpuBaTHOr CeKTopa, C jegHe cTpaHe, u noTpeby ga ce ucnpatu
TEXHOMOLIKa AMHaMuKa M3 obnacTv BOjHOT HaopyXaka 1 ornpeme, Te 3a0BOSbe
notpebe HaumoHanHor cuctema 6e36egHOCTH, C Apyre cTpaHe.

Pesynmam ynaeara y HayuoHasnHy HaMeHCKy uHOycmpujy: naHcep NTMHJT ,Coea b-2”.
®omo: Munow Jeemuh

Kapa je y nutawy npoctop paHujer VictouHor 6noka, npucycTBo ApXaBge je
3HaATHO wu3paxeHuje y cdepu opbpambeHe uHOYyCTpuje, NPBEHCTBEHO MNPEKO
jaBHUX npepy3eha, 0A4HOCHO NPaBHUX NuUua Ymnjy je BERNHCKU BNACHUK ApXaBHU
kanutan. Takas je cnyyaj n ca Penybnukom Cpbujom n cpnckom ogbpambeHom
WHOYCTPUjOM Y KOjy Ce Mocrefwux roguHa OCeTHO 3HauyajHuje uHBecTupa, a
cpnckv npou3eofaum rognHama 6enexe yBehaH M3BO3 y napTHEpCKe 3emibe,
nocebHO kaga je pedy O kaTeropujama KOHBEHLMOHAIHOr Haopyxawa. To je
nocreguua Buwe akropa, NoYeBLUN O Mehara ApXKaBHe MONUTMKe npema
KanauuteTuma HauuoHanHe onbpambeHe wuHOycTpuje, OO YukbeHMUEe Aa je
HajBehn Oeo pa3BojHNX M NPOU3BOAHUX KanauuTeTa ynpaBo Ap)KaBHW KanuTan.
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MNopen Tora, nponmMcu Kojuma ce ypehyje yBO3 M U3BO3 MPOU3BOAHUX
mMaTepujana, nonynpoussoga W rOTOBMX Mpou3Boda wae y Mpuior ynpaso
Op>XaBHUM MpuBpeaHnM cybjekTuma.

3a npvBaTHM CEKTOp cuTyauuja je HewTo MOBOSbHWja Kada je y nuTamwy
onpema, YCNnoBHO pPeyvYeHo, Marer TakTUYKOr 3Ha4vaja, NonyT TakTU4Ke onpeme,
pe3oHyjyhn oOBaj nojam €eKCTeH3MBHO W nogpasymeBajyhu 6uno kojy BpCTy
onpemMe 3a npodecroHanue 1 LMBUIeE Koja MMa TakTU4Ky NpuMeHy.

3axBarbyjyhn wu3paxeHujoj OOCTYNHOCTU wHdopMauuja U TexXHOomoruja,
NCMNpenneTeHocTn U AMHaMuum mefyHapogHUX €KOHOMCKUX OfHOCa, MpUBaTHU
npvBpeaHn cybjekTn 4ecTo nmajy Behy KOHKYPEHTHOCT O ApXXaBHMX. TO 3Ha4uu
Oa oborahyjy TpxuwiTe, NCTOBPEMEHO Hyaehn KpajibyMM KOpUCHMLMMA SOOATHY
N 4ecTo KBanuTETHWjy ONuujy 3a 3a40BOSbaBake HMXOBUX noTpeba, Te Ha Taj
HauYMH yCcmepaBajy Aarbu pasBoj TpXuLWTAa.

MHoBauuje cy, nctmHa, Beoma CKyne 3a peanusauujy, na ux Hajyewhe
ocCTBapyjy ynpaso npowussohadu Koju HajBuwe cpepctaBa ynaxy y passoj. C
apyre ctpaHe, Hanpegak u 6orbe nosvuuoHvpawe Ha gomaheMm TPXULWTY ce
BP0 4eCcTo ocTBapyje M jeddTMHMjOM METOAOM — ,MpecriMkaBakeM” pelleHa
Koja cy ce Beh nokasana kao ycneluHa y MHOCTPaHCTBY, Te nocTana ctaHgapa y
n3pagmn TakTUYKe onpeMe u ornpemakrby Kpajlbux KOPUCHMKA.

Cpncku 6peHd , TACTIX” — makmuyka odeha u onpema 3a
8UCOKOObYyYeHe rnpoghecuoHanye

Cpncko TpxuwTe TakTuyke onpeme je Tokom 2018. roguHe noctano
boraTtuje 3a 6peHa ,TACTIX”, koju notnucyje ,Xopyc noo”. OH ce cacTtoju of
TakTuuke onpeme u ogehe koja ce npumapHo uspafyje 3a npodecuoHanue —
npunagHuke MNONUUMCKMX U BOJHUX jeauHuua. OHO WITO je 3ajedHUYKO CBUM
YnaHoBMMa TMMa Koju ce okynuo oko bpeHga ,TACTIX” jecTe xerba ga kynuuma
y Cpbujn, ann 1 y MHOCTpaHCTBY, NOHyAe onuujy Koja he no kBanuteTy 6utn y
paHry HajnosHaTujux cBeTCKMX BpeHaoBa, y3 WTO NPUCTYMNAYHU}y LEHY.

3HayajHMjM KOHTUHIEHTW TakTUYKe onpeme U3 OBOr nporpama UCnopyyeHu
Cy cneuujanucTUykMM  TUmMoBMMA  YMpaBe KpUMWHaNWCTU4YKe nonuuuje
MuHuctapctBa yHyTpawmmx nocnosa Penybnuke Cpbuje. [locebHo cy
aTpakTMBHe ABoAdernHe TakTuike yHUdopMe y MackupHoj wapm black multicam,
Kojy npousBohad, 3a caja jeaVvHn y OpUrMHarHoj Wwapu, KOpUCTU Y NPOn3BoAHN
TakTun4ke ogehe.
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Hemarsb ca cajma ,,[lapmHep 2021”. ®omo: Munow Jeemuh

Wmajyhu y Bugy npvmapHy UWUIBHY rpyny, exkcneptu 3a pasBoj OBOr
TaKTU4YKOr NMporpamMa Benuky naxwy nocsehyjy notpebama, cyrectnjama, kao u
peueH3vjama npodpecuoHanaua, Koju onpemMy OBakBe BpCTe Kopucte
CBaKOOHEBHO W Yy CBMM YCMOBMMA, T€ CYy M HAjKOMMETEHTHUjM Yy [aBakby
muwrbewa. C TUM y Be3u, KOPUCHWUM WMajy Bpfio AoOpo MulIbere O
TaKTMYKMM NaHTanoHama ,Tactix P-5 Supreme Combat Pants”, ,Tactix P-8”, kao
n ,Tactix P-7 Winter Tactical Pants”. WckyctBa y wuspagu oBuX MoAena
npeacTaBrbajy OCHOB 3a pa3soj byayhux. OBakaB ogHoc npoussohada npema
KpajrMM KOpUCHMLMMA je BULLECTPYKO KOpUCTaH, jep omoryhaBa KOHCTaAHTHO
ycaBpLuaBahe Yy npouecy npoussoahe. To nogpasymesa npoyyaBare 3axTeBa
ca TepeHa Koje W3HOCEe HemnocpedHU KOPUCHULUM, Te  KOHCTpyucame
HajnpakTUYHUjUX pellera Y prHarnHOM peLlery CBakor Npon3soaa, Koju mopajy
Aa 3a40BOrbaBajy BUCOKe Kputepujyme yHKUMOHANHOCTK (NonyT nakor u 6p3or
npucTyna LienoBmMMa 1 onpemMu y pasnMyuntum nonoxajuma tena), MakcumarnHy
yOOOHOCT MpU HOWEHY W LITO Maky CUMyeTy KOPUCHUKa. YNpaBso je 3aTo MOTO
OpeHda v TMMa Koju CTOju u3a wera ¢ npasom ,Made With Experience”, Tj.
npasSbeHo, NPOM3BEAEHO Ca UCKYCTBOM. ICTOBpEMEHO, ekcnepTn 3agyeHn 3a
pa3Boj npate W cTaHgapge M WHoBauuje y MHOCTPaHCTBY W, Y cKnagy ca
MoryhHOCTUMa, UMNIeMEHTUPajy UxX y CBOj NPOU3BOAHM nporpam. MimnepaTus y
pa3Bojy cBakor Npom3soaa je ynotpeba BMCOKOKBaNUTETHMX MaTtepujana, nonyt
.1enCate Tecawork” nonu-namyk 65/35, pajcepwnyca m umyaka,YKK”,
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ojayawa ,C.F. Weber Cordura”, ,Schoeller-dynamic” n gp., kao u gokasaHo
MPaKTUYHMUX TEXHUYKUX pellera MonyT cuctemMa 3a 6p3o oTkonyaeawe ,2M
ROC/80”, kojum je onpemrbeH Hocad nnoya ,N-1".

I'IpunaOHuu VKT nosupajy y makmuyKum )}uopmama ,ractix”. ®omo: Munow Jeemuh

MpeacTtaBrbakbe Yy MHOCTPAHCTBY je BaxaH geo cTparervje ,Xopycosor’
TMMa, na ce npou3BoAM M3 nporpama ,lactix” pegoBHO MoOry BMAETM Ha
Haj3Ha4ajHMjuM cajMoBMMa y 3emsbM, NonyT cajma ,llapTHep”, kao n 'y EBponu u
ceeTy. To cy yjeQHO ¥ Mpunuke 3a pasMeHy UCKycTaBa ca napTHepuma u3
WHOCTPAHCTBa, OJHOCHO HWXOBY €BEHTYyanHy MMMnemMeHTauuvjy y narbu passoj
OBOI TaKTUYKOr Nporpama.

Kapakmepucmuke makmuy4ke namre

TakTnuke namne gaHac npeacTasrbajy nonynapaH 1 Beoma npakTnyaH geo
TakTu4Kke ornpeme npodpecnoHanaua y MonumumjCKUM, BOJHOMONULM|CKUM 1
BOjHUM jeanHuuama. Ycrieq cese Behe nonynapHoCcT OBUX NPOU3BOAa, BaXHO je
pas3nuKoBaTW TakTU4Ke U T3B. flamne 3a CBaKOAHEBHY ynoTpeby (eHr. every day
carry). Tpeba nomeHyTM [da ce faHac Ha TPXUWTYy MoOAenu namnu 3a
CBaKoAHEBHY ynoTpeby Bpno 4ecTo MpeAcTaBrbajy Kao TaKTUYKKM, Kako 6u ce
kynum ybeounu aa 3a ogpeheHn mogen oasoje Buwe Hosua. Ctora, npernegom
OCHOBHUX KapakTepucTMka TaKTUYKUX Modena namnu, nokywahemo Jda
HanpasBMMO AUCTUHKLUM)Y Y OOHOCY Ha Moferne ApYyrux HameHa.
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Takmuydka namna ,,Olight M2R Pro Warrior”. ®omo: 365 Plus.

lMpBa KapakTepucTuka TaKTUYKMX JlaMnu jecte pfa Ccy HaMeleHe
npodgecmoHanuuma — npunagHmumma nosmunjCKNX, BOjHUX U BOjHOMOSNMNLMN|CKNX
jedMHMua, WTO NpMMapHO 3Hauu ga cy wuspafeHe fna 3aJ0BOSbE HUXOBE
CBakoAHEBHe TepeHcke noTpebe, Tj. TakTMiky annukauujy. Mefly MHowTBOM
TEpeHCKMX 3axTeBa u3gBaja ce noTtpeba 3a obesbefhuBarem Beoma
WHTEH3VBHOI U3nasa CBeTna, kKako 6u ce TakTnyka namna ePeKkTMBHO TaKTUYKK
npumMewMBana — Mpu OCBeT/baBakby TamHWX obnactn, npu Tparaky U
cnacaBakby, OOHOCHO Npu camoonbpaHu. [pernegom TakTUYKMX MoAena namnu
Hajno3HaTujux npomssohadya MoXe ce 3aKbyuuTM fda BehuHa 3agoBosrbaBa
kpuTepujym og 1000 nymeHa, KOju MHOMM KOPWUCHULM OLeHYjy Kao onTuManaH.
Unak, umajyhmn y Buay BenuKy pasnuMunTOCT cuTyauuja y KojuMa ce TaKTuyka
namna npumMetbyje, Hje 3axBariHo NMocTaB/bATU OBakBe YonwiTeHe cTaHaapae®.
Ha npumep, ypbaHo OKpyXehe y Kojem je Basgyx 3arafeHuju y ycrnosuma
CMaheHe BUASBLMBOCTU 3axTeBa Jpyradvje OCBETIbEHE LMIba, 3a pasnunky of
pypanHor. ¥ Be3n C TuM, NoTpebHO je objacHUTM HauvH paga caBpeMeHe
Gatepujcke namne. Koa TpaguuuoHanHe namne CBETNOCT M3nasum y CBUM
npasumMma, OOk GaTepujcka namna uma pedrnekTop Koju OKpyXyje cujanuuy,
cdokycupajyhn Tako cHon cBeTrnocTu y obnuky koHyca. HaumH Ha koju cy
KOHCTPYMCaHW CKINoM cujanuue n pednekropa yTuye Ha Ha4yuMH Ha Koju CBETNOCT
CTWXKe A0 unrba M ocBeTrbaBa ra. CaBpeMeHe TakTMyke namne KOpucHuuMma
Hyge u pasnuuuTe ,pexume” paga, Tj. jayuHe ocBeTrbeHocTu (Hajuewwhe Tpw),
Kao n T3B. CTPOO (Tpenepehe) CBETNO, KOje Ce y Mpakcu nokasano Kao Beoma

3 YnpaBso 3ato je ycBojeH ctaHmapg ANSI FL1, koju objegusaBa cefam cTaHaapaa
(n3na3 cBeTnocTW, yaarbeHOCT CHona, nepuoj paga, MakCUMarHW WHTEH3UTeT cHona,
OTMNOPHOCT Ha yaapue, BOOOHENpPOMnyCHOCT, BOOOOTMOPHOCT) Ha OCHOBY KOjUX Ce MOry
TecTupaTtu u ynopefusatu 6atepujcke namne pasnnyunTux npomssohava.
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KOPUCHO MpW Cyo4daBaky Ca arpecvBHUM NojeavHuMMa, Tj. Npyu camoogbpaHu.
Haume, emntoBawe CTpOO CBeTna jakor MHTEH3UTETA MOXE MNPUBPEMEHO
JesopuvjeHTMcatM M 3acnenutm Hanagada, Koju mMokpeTHe objekte onaxa
HECUHXPOHU30BaHO, ,uceLkaHo” (T3B. Tpenepeha Bprtornasuua, wnu by4os
edekat), gajyhm Tako OpaHuouy HEKONUKO BpedHMX CeKyHOU npeaHocTu.
KoHCTpyKUMWja TakTMyke namne mopa Aa omoryhn KOpPUCHMKY IoruyaH wu
jegHocTaBaH opabup pexvuma paga, kako Ou y CTpecHuM cuTyaumjama
MOryhHOCT rpeluke y pykoBawy Ouna cBegeHa Ha MUHMMYM. Y TOM cmwuchy,
ayrme, vnu Tactep 3a narbehwe U rawene (Katkag MCTOBpeMEeHO u 3a ogabup
jaunHe ceeTna vnu cTpob cBeTna), BP0 YECTO Ce MocTaBiba Ha 3adHeM Kpajy
namne. KopyucHVK My nako Moxe MpUCTYNUTK Nanuem LWake WUiv npuTUcKakem
namMne o Teno, AeO JNIYHe onpeme u cnuyHo. lNopen Tora, TUME Ce KOPUCHUKY
ornakwaea [a y Bprfio CTPECHMM cuTyaluujaMa fnako YyTBpAM KOju je Kpaj namne
npegmy, a Koju 3aamn, NocebHo kaga namna He pagu, LWTO MoXe BT KOPUCHO
npu camooabpaHu, jep je npeara veBuLa namne 4yecto oxnebroeHa, nceyeHa,
kako 6u namna morna ga ce ynotpebu npu camooabpaHun, nnu npu noMrbery
cTakna.

e’

Takmuydke namne MoHmupaHe Ha cucmeme ,SIG 516 Patrol”. ®omo: Munow Jesmuh

PobycTHOCT TakTMyke namne, Koja ce wcnorbaBa W y cTaHAapguma
OTNOPHOCTN Ha MexaHw4ke yaapue, BOAOOTMOPHOCTU, BOAOHENPOMNYCHOCTU U3
ctaHgapga ANSI FL1, Takohe je umnepatms. Haume, namna mopa pagutm y
OKPYXXEHY Y KOjeM Ce Hamnasu HeH KOPUCHUK, a Yy criyyajy npunagHuka jeanHuiua
3a crneuujanHe HaMeHe TO Cy CBU KIMMATCKO-TEPEHCKMN ycnoBu. PoOycTHOCT je
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MOXOa W KapaKTepucTuka Mo Kojoj Ce BPXYHCKe TaKTW4Ke ramne Hajsulue
pa3nukyjy oa octanunx 6aTepujcknx namnu.

KomnaktaH gu3ajH n gobpa eproHomuja Takohe cy BaHW cTaHaapawm 3a
npodecnoHanue. KoMnakTHOCT onakwasa ogfiarake famne y fIM4Hoj onpemu
(HNp. Ha TakTM4ykoM omnacady), kao n 6p3n npuctyn no notpebu. Takohe, oBa
KapakTepucTMka oOrnakwaBa pyKoBake Yy CKYYEeHOM OKpyxeky, omoryhasa
WHTerpaumjy, KoMbuHoBame ca JMYHUM HaopyxaweMm, ymawyje moryhHocT
HeXerbeHor kadekwa namne 3a fgenose ofehe, onpeme unu npegmera U3
OKpYXXeHea, a No npaBuny ymamwyje u ykynHy macy namne. [Jobpa eproHomuja u
npodunucae OCHOBHWX KOMaHAM Cy BaXHW, jep KOPWUCHWUM YecTo Mopajy
pykoBaTu namnama Hocehu pykasuue, BliaXHUM LLakama u cn.

Kanauutetr w1 noysgaHoct Oartepuje cy Takofle AOWCTUMHKTVMBHA
KapakTepucTuKa KBanMTETHUX TaKTUYKMX Namnu y OOHOCY Ha namMmne HameleHe
3a cBakogHeBHy ynotpeby. TakTnuke namne Ha TPXKUWTY Yecto Ccy
koMmnaTtubunHe ca nutujymcknm batepujama CR123 3V, npuxsatajyhu Hajuewhe
no aBe baTepwje NCTOBPEMEHO.

Y Be3u ca komnatubunHowhy namnu ca Haopyxawem, Tpeba Hanpasutu
pa3nuky nameRy mogena namnu Koju cy nocebHO KOHCTpyncaHu 3a npuxesaTame
Ha NUYHO HaopyXawe, NpeactaBrbajyhn Tako TakTuyke gogartke (HMp. TakTudke
namne 3a NUWTOSb MOHTUPajy ce BpaBrbereM Ha LUMHY Ha A0H0j CTpaHu pama
nUWITOSba) M MOAENa Koju Cy HaMeHEeHU 3a pyKoBake, anu ce no notpedu un ys
ogroeapajyhm Hocay Mory MOHTMpaTM Ha Haopyxkawe. C gpyre cTpaHe,
KOoMOVMHOBakEe Namnu 3a CBaKOAHEBHY ynoTpeby ca NMMYHUM HaopyxaheMm je
HenMorMYHoO M TaKTUYKU HEeonpaBAaHO, OCUM Yy YpreHTHMM cutyauujama. Ose
namne, Mo nNpaswry, HACY KOMNaTUOUIIHE 3a MOHTMpake Ha HaopyXae, OCUM
nMnpoBm3aumjom (HNp. yuspwhnBawbemM nenrbUBOM TPaKkoM Ha MOTXBAT opyXja,
Tj. Ha obnory uesu).

Ha ocHOBY HaBedeHUX KapakTepuCTuKa TakTWYKMX flamnu v ctaHgapga y
HMXOBOj M3pagn MOXe Ce 3akibyuyuTu ga cy To pobycTHe BaTepujcke namne,
KOHCTpyucaHe 3a notpebe  npunagHuKa  NONWUUMUJCKMX,  BOJHUX MU
BOjHOMOMNULMCKMX jeAMHNLA 1 HAMEHEHE 3a TaKTUYKy NPUMEHY.

Murnow M. JeBTuh (Milo§s M. Jevtic),

ypeaHuk cajta specijalne-jedinice.com,

e-mail: info@specijalne-jedinice.com,

ORCID iD: “http://orcid.org/0000-0002-1305-7618
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No3nB 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 HMXOBOr NOTMyHWjer
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 peueHanpaHu MeRyHapooHW Hay4yHU
Yaconmuc.

BrnacHuumn vaconmuca cy MunuctapctBo opbpaHe Penybnuke CpbGuje n Bojcka
Cpbuje. N3paBay 1 dmHaHcujep Yaconuca je YHuepauteT ogbpaHe y beorpagy (BojHa
akagemuja).

Mporpamcka opujeHTaumja vaconuca 3acHMBa Ce Ha roAuH0j KaTeropusauujm
yaconuca, Kojy BpLUN HaANeXHO ApXXaBHO MUHUCTaPCTBO Y ogpefeHnm obnactuma, kao un
Ha HeroBoM MHAEKCMpawy y MeflyHapoaHum nHaekcHum 6asama.

Yaconuc obyxBaTa Hay4yHe, OJHOCHO CTpy4yHe obnactu y oOkBuMpy OOpa3oBHO-
Hay4HOr nosfba NPUPOAHO-MaTeMaTU4YKUX HayKa, Kao M Yy OKBMPY OOpa3oBHO-Hay4HOr
norba TeXHUYKO-TEXHONOLWKUX HayKa, a Hapouuto obnactm ombpambeHux Hayka u
TexHonoruja. OGjaBrbyje Teopujcka W npakTudHa JocturHyha koja agonpuHoce
ycaBpLuaBawy CBMX MpuMNagHWka Cphncke, peroHanHe v MehyHapogHe akagemcke
3ajegHuue, a nocebGHO npunagHWka BOJCKUM M MUHMCTapcTaBa oabpaHe. [Mybnukyje
pajoBe ca YpPaBHOTEXEHUM W3BELUTABaKEM O aHanuTUYKUM, €KCMEPUMEHTanHUM U
NPUMEHEHUM UCTpPaXMBamwiMa, Kao W HyMEpPUYKMM cuMynauujama, obyxsaTtajyhu
pasnuuute gucumnnuHe. OOGjaBrbEHM MaTepujanu Cy BUCOKOT  KBanmuTeTa U
peneBaHTHOCTM, HamMUCaHW Ha Ha4YMH KOjU WX YMHU OOCTYMHUM LUMPOKOj YMTanadkoj
ny6nuumn. CBn pagoBuK Koju U3BELLTaABAjy O OPUrMHANHUM TEOPUCKUM W/MNK NPaKTUYHO
OpUjEHTUCAHUM UCTPaXMBakbMMa Unu NpowvpeHum Bepaunjama Beh ob6jaBrbeHnx pagoBsa
ca KoHdpepeHuuja cy gobpopownn. PagoBu 3a objaBrsvBawe opjabupy ce ABOCTPYKO
CcrnenvM MNOCTYNKOM peLieH3mnje Kako 6u ce ocurypana OpUrMHamnHoCT, peneBaHTHOCT U
ynTrbMBOCT. MNpUTOM UMb HUje camO fa ce kBanuTeT ObjaBrbeHMX pagoBa OAPXKM
BMUCOkMM Beh 1 aa ce o6e36ean nNpaBOBpPEMEHW, TEMEIBHU U YPaBHOTEXEHWN MOCTynak
peueH3uje.

YpehmBayka nonutvka BOjHOTEXHMYKOr rnacHuKka 3acHMBa cCe Ha npenopykama
Opbopa 3a etnyHocT y usgasawTBy (COPE Core Practices), kao M Ha Hajoorsmm
npuxeaheHnm npakcama y Hay4yHOM nsgasaluTey. BojHoTexHuuku rmacHuk je unaH COPE
(Committee on Publication Ethics) o 2. maja 2018. roguHe.

MuHucTapcTBO npocBeTe, Hayke W TexHomnowkor pasBoja Peny6nuke Cpbuje
yTBpAUNoO je gaHa 23. 12. 2021. roguMHe kateropusauuvjy BojHOTEXHUYKOr rmacHuka, 3a
2021. roguHy:

— Ha NIUCTK Yaconuca 3a pavyyHapcke HaykKe:

KaTeropuja UCTakHyTU HaumoHanHn yaconuc (M52),
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— Ha NMCTM Yaconuca 3a eNneKTPOHUKY, TeneKkoMyHuKaumje n nicopmaumoHe
TexHonoruje:
KaTeropuja UCTakHyTW HaLmoHanHu Yaconuc (M52),
— Ha NNCTKN Yaconuca 3a MalUHCTBO:
KaTteropuja BpXyHCKN Yaconuc HaumoHanHor 3Havaja (M51),
— Ha NIMCTU Yaconuca 3a MaTepujane M xeMujcke TexHonoruje:
KaTeropuja BPXyHCKM Yaconuc HaumoHanHor 3Havaja (M51).

YcBojeHe nucte gomahux yvaconuca 3a 2021. roguHy mory ce BMOETU Ha CcajTy
BojHoTexHW4YKoOr rnacHuka, ctpaHuua Kameeaopu3sayuja Yaconuca.

HeTtarbHuje uHdopmauuje mory ce npoHahu u Ha cajty MuHucTtapctsa npocseTe,
Hayke 1 TexHonowkor pa3Boja Penybnuvke Cpbuje.

Mopaum o kateropusaumju mory ce npatutn u Ha cajty KOBCOH-a (KoHsopuujym
6ubnunoteka Cpbuje 3a objeanteHy HabaBsky).

KaTeropusauuja yaconuca mssplleHa je npema [paBuUnHWKy o kateropusauujy u
paHrnpawy Hay4yHux Yaconvca MuHMCTapcTBa NPOCBETE, HAYKE M TEXHOJMOLLUKOr pa3Boja
Peny6bnuke Cpbuje ("Cnyx6enn rmacHuk PC", 6poj 159/20).

Yaconuc ce npatn y koHTekcty Cpnckor uutatHor mHaekca — CUwmHgekc (6asa
nogataka goMahmx HayyHux yaconuca), HayyHo-wHdopmauuoHor cuctema Redalyc u
Pyckor uHpekca HayyHor umtupawa (PUHLY). TNoaBprHyT je crtanHom BpegHOBaky
(MOHUTOPWHIY) y 3aBWCHOCTW Of yTMUAjHOCTU (MMnakTa) y camum Gasama. [JeTaru o
WHOEKCcUpawy Mory ce BuaeTu Ha cajTy BojHOoTexHWYKor rmnacHuka, cTpaHuua
UHAekcupar-e Yaconuca.

BojHoTexHunykn rmacHuk omoryhaBa u  npumewyje  Creative Commons

(CC BY) ogpenbe o ayTopckum npasuma. [eTarbu O ayToOpCKMM MpaBuMa Mory ce
BUAETW Ha cajTy yaconuca, cTpaHuua Aymopcka rpaea u rnosumuka camoapxusuparba.

PagoBu ce npepajy nyTem OHNajH cucTema 3a eneKTPOHCKo ypehuBawe
ACUCTEHT, koju je passuo LieHTap 3a eBanyauujy y o6pasoBary n Hayum (LLEOH).

Mpuctyn n pernctpauuja 3a cepBuC BpLUE Ce Ha cajTy www.vtg.mod.gov.rs, npeko
ctpannue ACUCTEHT wim CUMHOEKC, OOHOCHO  OMPEKTHO  Ha  JMHKY
aseestant.ceon.rs/index.php/vtg.

JeTarbHO ynyTCTBO O peructpauvju M npujaBn 3a CEPBUC Hamasn ce Ha cajTy
www.vitg.mod.gov.rs, ctpanuua Ynymcemeo 3a ACUCTEHT.

MoTpebHO je pa ce cBM ayTopu Koju nogHoce pykonuc 3a objaBrbMBake Y
BojHoTexHun4ykoM rnacHuky peructpyjy y peructap ORCID (Open Researcher and

Contributor ID), npema ynyTcTBY Ha CTpaHuum cajta Peaucmpayuja 3a dobujar-e ORCID
udeHmugbukayuoHe wugpe.

BojHoTexHW4YkM rnacHuk objaBrbyje YnaHke Ha eHrreckoM jesuky (arial, BenuumHa
cnoea 11 pt, npopeg Single).

MocTynak npunpeme, nucawa u ypefuamwa unaHka Tpeba ga 6yde y carnacHoctu
ca MUzjasom o emuykom nocmynary (http://www.vtg.mod.gov.rs/izjava-o-etickom-
postupanju.html).

UnaHak Tpeba Aa cagpku caxeTak ca KibyYHMM peyuma, yBogd (MOTMBauujy 3a
pap), paspady (agekBataH nperneq penpe3eHTaTMBHOCTM pada Yy HeroBoj obnactu,
jacHy wusjaBy O HOBMHW Yy MNpPEeACTaBIbEHOM UWCTpaXusaky, oproBapajyhy Tteopwujcky
no3aguHy, jeaaH unu BuLLe nNpMmMepa 3a AeMOHCTpUpare 1 AUCKyCcujy O NpeacTaBrbeHNM
naejama), 3akrbyvyak um nutepatypy (6e3 Hymepaumje HacroBa u nogHacriosa). O6um
uynaHka Tpeba pga Oype Ao jegHor aytopckor Tabaka (16 cTpaHuua cdopmata A4 ca
npopenom Single), a Hajuwe 24 cTpaHuLe.
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UnaHak Tpeba pa Oyae HanucaH Ha o6pacly 3a nucawse uYnaHka, Koju ce y
eNeKTPOHCKO] (hopMM MOXe NpeyseT ca cajtTa Ha cTpaHuum Obpasay 3a rucare
uriaHka.

Hacnos

Hacnoe Tpeba fa ogpaxaea TeMy YnaHka. Y MHTepecy je yaconuca u aytopa aa ce
KOpUCTe peuun NpuKnagHe 3a UHOEKCMpatse U NpeTpaxuBare. AKO TakBUX peyn Hema y
HacroBy, NOXerbHO je Aa ce Npuaoaa U NoaHacnoB.

Tekyhu HacnoB

Tekyhn HacnoB ce wucnucyje ca CTpaHe CBake CTpaHuue uYnaHka pagu nakwe
naeHTuduKaumje, nocebHo konvja YnaHaka y enekTpoHckoM obnuky. Cagpxu npesvve n
nHMUMjan umeHa ayTtopa (ako aytopa vMma Bule, npeoctanu ce o3HadvaBajy ca et al.”
unu 1 ap.“), Hacnoee paga u 4Yaconuca u konauujy (roanHa, BONyMeH, CBecka, NnoveTHa
1 3aBpLUHa cTpaHuua). Hacnoem yaconuca n unaHka Mory ce aatun y ckpaheHom obnuky.

Ume ayTopa

HaBoau ce nyHo ume u npesume (cBMX) aytopa. Beoma je noxerbHo aa ce HaBeay
n cpedwa crnosa aytopa. MimeHa u npesnmeHa gomahux aytopa yBek ce ucnucyjy y
opurMHanHoM obnuky (ca CprnckUMm AnjakpUTUYKMM 3HAKOBMMA), HE3ABUCHO Of je3nka Ha
KOjeMm je HanucaH pag.

HasuB yctaHoBe ayTopa (achunujauuja)

HaBoau ce nyH (3BaHWM4HK) HA3MB 1 CeaMLUTE YCTAHOBE Yy KOjOj je ayTop 3arnocreH,
a eBeHTyasrlHO M Ha3vB YCTaHOBE Y KOjOj je ayTop 00aBMO UCTpaxuBawe. Y CrOXEHUM
opraHusauujama HaBOAM Ce YKynHa Xxujepapxuja (HNp. YHuBepauteT opbpaHe y
Beorpagy, BojHa akapgemwuja, Kategpa npupogHo-mMaTematuykmx Hayka). bap jegHa
opraHusaumja y xujepapxuju mopa 6utM npaBHO nuue. AKO ayTopa uma BULLE, @ HEKM
noTnyy M3 MCTe YCTaHOBE, Mopa ce, MOocebHVMM O3Hakama WnM Ha ApYry HauuH,
Ha3HauMT M3 Koje Of HaBeOEeHVMX YCTaHOBa MOTWYE CBaku Of HaBedeHUX ayTtopa.
Adpunujaumja ce ncnmcyje HenocpeaHo HaKoH MMeHa ayTopa. PyHKuMja 1 3Bare ayTopa
ce He HaBoje.

KoHTakT nogauu
Anpeca nnu e-agpeca CBUX aytopa faje ce nopes MMeHa u npesvMeHa aytopa.

KaTteropwmja (Tun) unaHka

KaTteropusaumja unaHaka obaBesa je ypegHuwTBa M of nocebHe je BaXHOCTW.
KaTteropujy unaHka mory npegnaraTv peLeH3eHTU M UNaHOBW YpPeaHWLLTBA, OAHOCHO
ypeaHuum pybpuka, anu OArOBOPHOCT 3a KaTeropusauujy CHOCKM WCKIbYYMBO T[NaBHU
yPEeaHuUK.

UnaHum y BojHOmMEeXHUYKOM &racHUKy Kracudukyjy Ce Ha HayyHe WU CTpy4He
YnaHke.

HayuHn unaHak je:

— opurMHanaH HayyHu pag (pag y KojeM ce M3HOCe MNpeTxogHO HeobjaBrbeHu
pe3ynTaTh COMNCTBEHWUX UCTPaXuBaHa Hay4HM METOAOM);

— npernegHy pag (paa Koju cagpXu opurMHanaH, geTarbaH M KpUTUYKM Mpukas
nctpaxusadkor npobnema wnu noapyyja y Kojem je aytop ocTBapuo ogpeheHu
[OMNPUHOC, BUATBUB Ha OCHOBY ayTouuTara);

— KpaTKO MNU MPETXOAHO CaonTewe (OPUTrMHAMHW Hay4yHu pag nyHor copmara,
anun mawer obuma nnn NPenUMMHapHOT Kapakrepa);
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— Hay4yHa KpuTuKa, OQHOCHO nornemuvka (pacnpaBa Ha oapefeHy HayyHy Tewmy,
3acHOBaHa UCKIbYYMBO Ha HAaY4HOj apryMeHTaLuju) U OCBPTU.

MN3yseTHO, y HekuMM obractvma, HayyHu pag Yy 4acomnucy Moxe umaTtu o6nuk
MOHorpadcke CTyaMje, Kao U KPUTUYKOT U3gaka HaydHe rpafe (MCTopujCKo-apXMBCKe,
nekcukorpadcke, Gubnuorpadcke, npernega nogartaka U ch.), AoTaf HernosHaTe WIu
HeZOBOJSbHO NMPUCTYNaYHe 3a Hay4yHa NCTpaXxuBatkba.

PapoBwu knacudurkoBaHm kao Hay4Hn Mopajy umatun 6ap ABe No3UTUBHE peLieHsuje.

Ako ce y yaconucy 06jaBrbyjy U Npuno3n BaHHAy4YHOr KapakTepa, Hay4HW unaHum
Tpeba ga Byay rpynvcaHu 1 jacHoO U3[IBOjeHN y MPBOM Oery CBECKe.

CTpyyHU ynaHak je:

— CTpyYHuM pag (Mpumor y Kojem ce HyAde WUCKyCTBa KopucHa 3a yHanpehewe
npodgecuoHarnHe npakce, anu Koja HACY HY>XHO 3aCHOBaHa Ha Hay4YHOM MeToay);

— MHcbopMaTMBHM Npuor (YBOAHUK, KOMEHTap U C.);
— NpuKa3s (Kkwure, padyHapcKor nporpama, crnyyaja, HaydHor gorahaja, n cn).

MoxersHo je aa obum kpaTkux caonwTewa 6Oyae 4 go 7 cTpaHuua, HayyYHUX
ynaHaka u ctyguvja cnyyaja 10 go 14 cTpaHuua, JOK npernegHu pagoBu Mory 6utn u
ayxun. Bpoj cTpaHuua Huje cTporo orpaHudeH K, y3 oproBapajyhe obpasnoxetse,
npujaBrbeHN YnaHum Takofe Mory 6uTu gyxu unu kpahu.

Ako cy pagoBu Koju Cy MpPeTXO4HO ObjaBfbeHM Ha KOHMEpEeHUMjM MNpOLUMPEHH,
ypeaHuum he npoBeputu ga nu je A0AaTo AOBOSbHO HOBOP MaTepujana Koju ucryhasa
CTaHgapde 4vaconuca M KBanudukyje nogHecak 3a nocTynak peueHsvje. [opatu
maTtepujan He cme BT NpeTxodHO objaBrbeH. HoBM pe3ynTat HUCY HYXXHO NOTpebHw,
anu cy noxerbHu. MeflyTum, nogHecak Tpeba ga cagpXv MpolvpeHe KibyyHe uaeje,
npumepe, paspage, WTA., KOjM Cy MpeTxXogHo Ounu cagpxaHn Yy MNOAHECKYy ca
KOHepeHLmje.

Jesuk paga
Jesnk paga Tpeba na byae eHrnecku.

Tekct Mopa GMTK je3andkn n CTUNCKN JoTepaH, cucTematusoBaH, 6e3 ckpaheHuua
(ocum ctangapaHux). Cee cdusmyke BenuymMHe mopajy 6utn nspaxeHe y MehyHapogHom
cuctemy MepHux jeamHunua — Sl. Pegocnep obpasaua (chopmyrna) o3HavaBa ce pegHuM
6pojeBuMma, ca gecHe CTpaHe y OKpyrnuM 3arpagama.

CaxeTak

CaxeTak jecte KpaTak MHGOpMaTMBaH MpuKas cagpxkaja unaHka Koju uutaouy
omoryhaBa ga 6p30 1 Ta4yHO OLIEHM HETOBY PENEBAHTHOCT. Y MHTEpeCy je ypeaHuwTasa
MU ayTopa [a CaxeTak CafpXu TEPMUHE KOju Ce 4ecTO KOpUCTE 3a WMHOEKCMpare U
npetpary unaHaka. CactaBHW [ENOBWM caXeTKka Cy YBOA/UUIb UCTpaxuBarba, MeToaw,
pesyntati n 3akrbyyak. CaxeTak Tpeba oa vma op 100 pno 250 peun u Tpeba ga ce
Hanasu uamehy 3arnaerba (HacrnoB, UMEHa ayTopa W Ap.) U KIbYYHUX PeYr, HAKOH KOjuX
cnenu TEKCT YnaHka.

Krby4yHe peun

KrbyyHe peun cy TepmuHu unu dpase Koje agekBaTHO npeacTaBrbajy Caapaj
YnaHka 3a notpebe MHAeKcupara n npeTpaxueara. Tpeba nx gogersuBatn ocnamajyhn
ce Ha Heku mehyHapoaHW n3BOp (MOMUC, PEYHUK Wnu Te3aypyc) Koju je Hajwmpe
npuxeaheH MnM yHyTap gate HayyHe obnactu. 3a HMAp. Hayky yonwTe, TO je nucta
krby4yHux peun Web of Science. Bpoj krbyyHMx peun He moxe 6utu Behu opg 10, a y
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MHTepecCy je ypeOHULITBA 1 ayTopa Aa yyYecTanocT kuxose ynotpebe byae wro Beha. Y
YnaHKy ce nuLLy HenmocpeaHO HaKoH caxeTka.

Cnctem ACUCTEHT y 1y cBpxy Kopuctu cneuujanHy anatky KWASS: aytomaTtcko
eKCTpaxoBake KIbYYHUX peyun M3 AUCUMMNUHapHUX Tesaypyca/pedHuka no usbopy wu
pyTUHe 3a UuXoB ogabwp, Tj. npuxsaTawe OAHOCHO ofdbauvBare Of CTpaHe ayTopa
n/vnun ypegHuka.

OaTtym npuxBaTtawa YnaHka

JaTym kaga je ypegHULITBO NPMMUIIO YnaHak, AaTyM Kaga je ypeaHUWTBO KOHaYHO
npuxBaTUNO uYnaHak 3a objaBrbuBarbe, kao W AaTyMu kaja cy Yy MehyBpemeHy
[OCTaBIbEHE EBEHTYyarnHe UCMpaBke PyKonuca HaBoge ce XPOHOMOLLKMM peaocnenoMm, Ha
CTanHoM MecCTy, Mo NpaBumy Ha Kpajy YnaHka.

3axBanHuua

Hasus n 6poj npojekTa, OAHOCHO Ha3MB Nporpama y OKBMPY KOjer je yYnaHak HacTao,
Kao M Ha3uB WHCTUTYLUMje Koja je domHaHCKMpana npojekaT unu nporpam, HaBoau ce Yy
nocebHoj HaNOMeHW Ha cTarHOM MeCTY, MO NpaBuy NPY AHY NPBE CTPaHe YnaHkKa.

MpeTxoaHe Bep3uje paga

AKoO je uynaHak y MnpeTxXoAHOj Bep3vju OGMO M3MNOXEeH Ha CKyny y Buay YCMEHOor
caonwTerwa (NOA4 UCTUM WNW CAIMYHUM HAcMoOBOM), Nogatak o Tome Tpeba ga Gyde
HaBefeH y NnoceGHOj HanmoOMeHwW, Mo MpaBwiy Npu AHY NpBe CcTpaHe uynaHka. Pag koju je
Beh objaBrbeH y HEKOM Yaconucy He Moxe ce 00jaBuTu y BOjHOTEXHWUYKOM rmacHuKy
(npewTamnaTn), HX NOA CAWYHMM HacriOBOM U M3MEHEHOM OBINKY.

TabenapHu n rpachnykm npukasm

MoxerbHO je Aa HacroBW CBUX Mpukasa, a no MoryhcTBy WM TekcTyanHu cagpxaj,
6yny AaTv ABOjE3VYHO, Ha je3UKy paja U Ha eHITIECKOM je3uky.

Taberne ce nuLWy Ha UCTU HaYMH Kao U TEKCT, a O3Ha4aBajy ce peaHum BpojeBuma
ca ropwse ctpaHe. oTorpaduje n uptexn Tpeba aa Oyay jacHu, npernegHn 1 NOroaHu 3a
penpoaykuujy. Liptexe Tpeba pagutn y nporpamy word wunu corel. ®otorpadmje u
upTexe Tpeba NOCTaBUTU Ha XKErbEHO MECTO Y TEKCTY.

3a cnvke n rpacdukoHe He CMe Ce KOPUCTUTM CHUMAaK ca ekpaHa padyHapa
nporpamMa 3a npukynrbake nogartaka. ¥ caMoM TEKCTY YnaHka npenopydyje ce ynortpeba
cnuka n rpaduKoHa HENoCcpeaHo M3 nMporpama 3a aHanuay nogaTaka (kao wro cy Excel,
Matlab, Origin, SigmaPlot n gpyru).

HaBoheke (uuTupame) y Tekcty
HaunH no3uBara Ha N3BOpE Y OKBUPY YnaHka Mopa 6utn jeaHoobpasaH.

BojHoTexHWYkM rmacHuK 3a pedepeHunpare (UMTUpamwe 1 HaBohewe nutepaType)
npumersyje XapBapackv cuctem pedepeHLum, OAHOCHO XapBapacku NPUPYYHUK 3a CTUIM
(Harvard Referencing System, Harvard Style Manual). Y camom TekcTy, y 0OGUYHUM
3arpagama, Ha MecCTy Ha KOjeM Ce BpLUM MO3uBawe, OAHOCHO LuUTMpawe nutepaType
HabpojaHe Ha kpajy YnaHka, o6aBe3HO y 06MYHOj 3arpagn HanucaTn NpesnMe LUmMTpaHor
ayTopa, roavHy msgawa nybnukauuje ns Koje umtmpaTe u, eBeHTyanHo, 6poj cTpaHuua.
Hnp. (Petrovi¢, 2012, pp.10-12).

[eTarbHoO ynyTCTBO O Ha4uHy UMTUpara, ca NpMMepuMa, OAaTo je Ha CTpaHuum
cajta Ynymcmeo 3a Xapeapdcku npupy4HuK 3a cmus. MNotpebHo je ga ce nosneamwe Ha
nuTepaTypy y TEKCTy ypaam y cknagy ca noMeHyTUM YrnyTCTBOM.
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Cnctem ACUCTEHT y cBpxy KoHTpone HaBohewa (UMTupara) y TEKCTY KOpUCTH
cneuujanHy anatky CiteMatcher: oTKkpuBame M30CTaBIbEHMX LUTaTa y TEKCTY paja u y
nonucy pecepeHum.

HanomeHe (¢ycHoTe)

HanomeHe ce gajy npu OHy CTpaHe Ha KOjoj ce Hamnasu TEKCT Ha Koju ce ofHoce.
Mory cagpxaTn mame BaXHe AeTarbe, AONyHCKa objaluhera, HasHake O kopuwheHUM
nssopvma (Ha npumep, Hay4yHoj rpafu, MpUpyYHULMMA), anu He mory BuTn 3ameHa 3a
LMTUpaHy nutepatypy.

NucTa pedepeHumn (nuTepaTtypa)

LintupaHa nutepatypa obyxsaTta, no npasuny, Gubnuorpadpcke nssope (4naHke,
MoHorpadvje 1 cn.) U Jaje ce UCKIbYYMBO Yy 3acebHOM oferbKy unaHka, y Buay nvicte
pecdepeHun. PedepeHue ce He npeBoAe Ha je3nk paga v Habpajajy ce y nocebHom
OAerbKy Ha Kpajy YnaHka.

BojHOTEXHMYKM rMAcHUK, KAao HayWH ucnuca nuTepaType, NpuMensyje XapBapAcku
cucteM pedpepeHUM, 0OHOCHO XapBapAcku npupyyHuK 3a ctun (Harvard Referencing
System, Harvard Style Manual).

Jlntepatypa ce obaBesHO nuile Ha nNaTMHWYHOM NUCMY W Habpaja no abeuegHoOM
pepocneny, Hasogehu Hajnpe npe3nmeHa aytopa, 6e3 Hymepauuje.

JeTtarbHo ynyTcTBO O HauuHy nonuca pedepeHun, ca npuMepuma, [aTto je Ha
CTpaHuum cajta Ynymcmeo 3a Xapeapdcku npupy4Huk 3a cmus. [oTtpeGHo je ga ce
nonuc NuTepaType Ha Kpajy YnaHka ypaau y ckrnagy ca noMeHyTUM YryTCTBOM.

HecTtanpgapaHo, HEMOTNYHO UM HedocneaHo HaBohewe nuTepaTtype y cucteMrMa
BpeJHOBaka 4aconuca cmartpa ce [AOBOSfbHMM pasforoM 3a oOcropaBake Hay4yHor
cTaTyca 4aconuca.

Cnctem ACUCTEHT y cBpxy KOHTpOMe MpaBWIHOI uCmiuca nucTe pedepeHLum
KopucTu cneumjanHy anatky RefFormatter: koHTpona obnukoBama pedepeHumn y cknaay
ca XapBapacKMM NpUPYYHUKOM 3a CTWN.

U3jaBa o ayTopcTBY

Mopen unaHka goctaerba ce Msjasa 0 aymopcmey y KOjoj ayTOpu HaBOAE CBOj
nojeauHaYHn JONpUHOC Y u3dpaam YnaHka. Takohe, y Toj usjaBn notephyjy Aa cy yYnaHak
ypagunu y cknagy ca [lo3usom u ynymcmeom aymopuma W M3jagom o emuykom
rocmynarby vacornuca.

CBM pagoBu Noanexy CTPYYHOj peLeH3uju.

Cnmncak peueHseHata BOjHOTEXHMYKOr rmacHMKa MOXe ce BUAETU Ha CTpaHuum
cajta Criucak peuyeH3eHama. [lpouec peueH3Mpawa objalwkeH je Ha CcTpaHuum
cajta PeueH3eHmcKU riocmynak.

YpeaHuwTBo
Appeca pepakuuje:
BOjHOTEXHWYKM rMacHMK
Berbka Jlykuha Kypjaka 33
11042 Beorpap,
e-mail: vojnotehnicki.glasnik@mod.gov.rs.
Ten: BojHM 40-260 (011/3603-260), 066/8700-123
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NPUIMALWUEHUE N UHCTPYKLUWUA ANA ABTOPOB O NOPAOKE
NnoaAroToBKU CTATbU

MHCTpyKuMs Ans aBTOpOB O MoOpsfke MOArOTOBKM CTaTbu K onybnukoBaHuio B
XKypHane «BoeHHO-TeXHMYeckuiA BecTHUK» paspaboTaHa cornacHo PermameHty o
KaTeropusaumMnm W paHXUpPOBaHUM Hay4HbIX XypHanoB MuHucTepcTBa o6pasoBaHus,
Haykun 1 TexHonornyeckoro passutus Pecnybnukun Cepbus («Cnyx6eHun rnacHuk PCy», Ne
159/20). TlMpumeHeHne aToro PernameHta cnocobCcTByeT MOBbLILWEHNIO KadvecTBa
OTEYECTBEHHbIX >XypHanoB M Kx Gonee MOMHOMY BOBIEYEHUIO B MEXAYHaPOAHYIO
cucTemy obMeHa Hay4HOWN MHopmaumen.

BoeHHo-TexHu4Yeckun BecTHUK (Vojnotehni€ki glasnik / Military Technical
Courier), BTr.mo.ynp.cp6, www.vtg.mod.gov.rs/index-ru.html, ISSN 0042-8469 -
neyatHoe wu3gaHue, e-ISSN 2217-4753 - online, UDK 623+355/359, DOI:
10.5937/VojnotehnickiGlasnik; https://doi.org/10.5937/VojnotehnickiGlasnik, sBnsetcs
peueH3pyeMbIM MEXAYHaPOAHbLIM HaYYHbIM >KypPHaNoMm.

CobcTBEHHUKN  XypHana: MwuHucTepcTBo  060poHbl U BoopyxeHble  cunbl
Pecny6nuku Cpbus.

MapaTtensb xypHana: YHusepcuTeT o6opoHbl B 1. benrpaa (BoeHHas akagemus).

I'IporpaMMHaﬂ OopueHTauna XypHana OCHOBaHa Ha exerogHomn KaTeropmna3aumu
XypHana, KoTtopasa npou3BOAUTCA COOTBETCTBYHLMM OTpacneBbliM MWHUCTEPCTBOM, B
3aBMCUMOCTM OT obnactm wuccnegoBaHMW, a Takke Ha ero nHOgekcmposaHnun B
MeXAayHapoAHbIX HAyKOMeTpU4eCKnx 0asax gaHHbIX.

XKypHan oxBaTblBaeT HayuHble M NpodeccuMoHanbHble cepbl B pamMkax yvyebHo-
Hay4yHoM o6nacTu ecTecTBEHHO-MaTeMaTU4YeCKUX HayK, a Takke B pamkax y4yebHo-
Hay4YHOM 06nacT¥ TeXHUKO-TEXHOMOrM4YeckMx HayK, ocobeHHO B 06racT 060pPOHHbIX
Hayk M TexHomnoruu. B >xypHane nyGnukyioTcs TeopeTnyeckue W npakTudeckune
OOCTMXKEHUS, KOTOpble CMOCOOCTBYIOT MOBLIWEHNIO KBanvuduvKkaumu npeacraBuTenen
cepOCKOoro, permMoHanbHOro M MexayHapo4HOro akagemMmyeckoro coobuiectsa, 0Cob6eHHO
cnyxawmx MwuHnctepcte O6opoHbl 1 BoopyxéHHbIx cun. B xypHane ny6nukytotcs
cTaTtby CO COOTBETCTBYWOLWUMKU 0630pamMu 06 aHanUTUYECKUX, SKCMEPUMEHTambHbIX U
NpUKNagHblX WCCNEeAoBaHWsX, a TakKe O YUCINIEHHOM MOAENVMPOBaHMKM, OXBaTbiBas
pasnuuHble ancumnnunHbl. MNybnukyemble MaTepuarnbl OTIINYAOTCA BbICOKUM Ka4eCcTBOM U
aKkTyanbHOCTbi. OHWM HanucaHbl Hay4YHbIM, HO MOHSATHBIM W AOCTYMHBLIM A LUMPOKOro
Kpyra ymtatenemn a3bikom. [IpMBETCTBYIOTCH BCe CTaTbu, coobLyaowme 06 opurnHanbHbIX
TEOpPETUYECKNX N/UNN NPaKTUYECKNX UCCNEAOBaHUSAX U/UNn paclUMpeHHbIe BEPCUMKN paHee
onybnMKoBaHHbIX CTaTen, NPeACTaBIEHHbIX Ha koHepeHumsx. CtaTen ans nybnukauum
oTbupatoTca nyTeM [ABOMHOTO CREnoro peLeH3MpoBaHUs, KOTOpOoe rapaHTupyeT
OPWUIMHaNbLHOCTb, akTyanbHOCTb W yaobounTaemoctb. Llenb coctout He TOnbKo B
NOAAEpKaHNM BbICOKOrO KadecTBa Nybnukyembix cTate, HO M B obecnevyeHuu
CBOEBPEMEHHOIO, TLATENBHOro 1 COOTBETCTBYIOLLETO NPOLIECCa PELEH3UPOBaHWS.

PepakumoHHasi nonuTtuka xypHana «BOeHHO-TEXHUYECKMI BECTHUK» OCHOBaHa Ha
pekomeHaaumsix Komuteta no atuke HayudHbix nybnukaumi (COPE Core Practices), a
Takke Ha fnyyvlwen TMpakTMKke B HAy4YHO-U3JaTenbCKOW AeaTenbHocTu. «BoeHHo-
TeXHUYeckui BecTHUK» siBnsietTcst YneHom COPE co 2 masa 2018 roaga.

MwuHucTepcTBOM 06pa3oBaHMs, Haykn M TEXHOMNOrMYecKoro pas3suTtus Pecnybnvku
Cepbua ytBepxgeHa 23 pekabps 2021 r. kateropu3aumsi XypHana «BoeHHOo-
TEXHUYECKMIA BECTHUK» 3a 2021 roa:

— ObnacTb KOMNbITEPHbIE HAYKMU:

BbICOKOKaY€CTBEHHbIN HauuoHanbHbIn XypHan (M52),
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— ObnacTb 3NeKTPOHUKU, TENEKOMMYHUKaLUi 1 MH(OPMAaLMOHHbIX TEXHONOIMNA:
BbICOKOKAYeCTBEHHbIN HaLMoHanbHbIN XypHan (M52),

— ObnacTb MalWMHOCTPOEHMUS:
BeOYLLMIN XypHan rocyfapCTBeHHOro 3HaveHmns (M51),

— O6nacTb MaTeprManoB U XMMUYECKON TEeXHONOIMu:
BeOYyLLMI XypHan rocyfapCcTBeHHOro 3HaveHus (M51).

C vHdopmMaLmen oTHoCUTENbHO kaTeropusaumm 3a 2021 rog MOXHO O3HAaKOMUTBLCS
Ha cTpaHuue canta «BoeHHO-TeXHUYeCKOoro BeCTHUKa» Kameeopusauyusi BecmHuka.

Bornee nogpobHy0 WHpOpMaLMIO MOXHO HamTM Ha canTe MwuHucTepcTBa
o6paszoBaHus, Hayku 1 TexHonornyeckoro passutusi Pecny6nukm Cepbusi.

C uHdopMaumen o kateropmsaumm MOXHO O3HakoMuTbCs M Ha cante KOBCOH
(KoHcopumyMm 6nbnmotek Pecnybnuku Cepbusi no Bonpocam 06beaAMHEHUS 3aKyMOK).

KaTteropusaums BecTHuka npoBefeHa cornacHo PernmameHTy O kateropusauum u
PaHXMPOBaHWN  Hay4HbIX XypHanoB MwuHucTepcTBa 06pas3oBaHus, Haykum U
TexHonornyeckoro passutuns Pecnybnukn Cepbusa («Cnyx6exn rmacHunk PCx», Ne 159/20)

XKypHan cootBeTcTByeT ctaHgaptam CepOCKOro MHAekca Hay4Horo LuTMpOBaHWSA
(CUMHpekc/SCindeks) - HaykomeTpuyeckon 6asbl  AaHHbIX Hay4HbIX >XKYpHanoB
Pecnybnukn Cepbus, Hay4yHo-nHdopmaumoHHoro cuctema Redalyc, a Takke
Poccuiickoro  uHpgekca HaydHoro umTmpoBanus (PUHL). >KypHan  nocTosiHHO
nogBepraeTcsi MOHWTOPUHTY M OLIEHVWBAETCH KOMMYECTBEHHBIMW HAyKOMETPUYEeCKnMM
nokasaTensMun OTpaxarLwyMmn ero Hay4Hyto LLleHHOCTb.

C vHdopmaumern 06 MHOEKCUPOBAHUN MOXHO O3HAaKOMWUTLCS Ha CTpaHuue cawTa
XypHana UHdAekcuposaHue BecmHuka.

«BoeHHO-TeXHMYEeCKUA  BeCTHMK»  obecneuyMBaeT uyuTaTeNnsM  BO3MOXHOCTb
OTKpPLITOrO ~ AOCTyna, B COOTBETCTBMM  C  MOMoXeHnsmum o6  aBTOPCKMX
npasax, yTBepxgéHHeiMn  Creative Commons (CC BY). C wuHcTpykumen o6
aBTOPCKMX NpaBaxX MOXHO O3HAKOMMUTLCS Ha CTpaHuue Agmopckue npaea U Monaumuka
camoapxusupogaHus, nepenasa no ceolinke http://www.vtg.mod.gov.rs/index-ru.html.

Pykonucu ctateit HanpasnsoTca B pefakumio XypHana ¢ ucnonb3oBaHuem online
cuctembl ASSISTANT, 3anyweHHon LleHTpom nopgpepxu pa3suTus obpasoBaHns wm
Hayku (LINPOH).

Pernctpauus B cucteme u odopmneHne npas [OCTyna BbIMOMHAETCS MO agpecy
http://www.vtg.mod.gov.rs/index-ru.html, yepe3 ctpanuuy ASSISTANT wnu CLUMHOEKC
(aseestant.ceon.rs/index.php/vtg).

C WHCTpyKUMEeWn Mo perucTpauum u npaBam AOCTyna MOXHO O3HaKOMWUTbCA MO
agpecy http://www.vtg.mod.gov.rsf/index-ru.html, Ha cTpaHuue UHcmpykyuss o
ASSISTANT.

Bce aBTOpbl, mMpepocTaBnslowWwmMe CBOM pykonucu Ang nybnvkauum B pepakumio
XypHana «BOEHHO-TEXHUYECKMIA BECTHMK»  AOMKHbI  MPONTU  MpeaBapuUTENbHYH
peructpauuio B peectpe ORCID (Open Researcher and Contributor ID). 3ta npoueaypa
OCYLLECTBNSAETCH B COOTBETCTBUM C WMHCTPYKLUMEW, pasMEeLLEeHHON Ha CTpaHuue canTa
Pezaucmpauyus e peecmpe ORCID 0ns npucgoeHusi udeHmuguKayUuoOHHO20 Kooda.

«BOEHHO-TEXHNYECKNI BECTHUK» MyONMKyeT cTaTby Ha aHrnuMickoM sasbike (Arial,
wpndT 11 pt, npoben Single).

lMpouecc MoOAroTOBKM, HanNWCaHUs W PEedaKTUPOBAHWS  CTaTbM  [OSKEH
OCYLLECTBNATBCA B COOTBETCTBMM  C  NpuHUMNamMu  Omuyecko2o  Kodekca
(http://Avww.vtg.mod.gov.rs/etichyeskiy-kodyeks.html).
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CtaTbsl OOMMKHaA codepkaTb pestloMe C KIYEBLIMU CroBamu, BBedeHue (uenb
NCCrNeQoBaHMs), OCHOBHYH YacTb (COOTBETCTBYKOLWMIA 0030p NpeacTaBUTENBHOMO
uUccnefoBaHUss B JaHHOW obnacTh, YeTKOe MW3MNOXEHWe Hay4yHOW HOBWU3HbI B
npeacTaBneHHOM MUCCNeaoBaHWUM, COOTBETCTBYIOLLYIO TEOPETUYECKYD OCHOBY, OOUH UMx
HECKONMbKO MpUMEpPoB ANS OEeMOHCTPUPOBaHUA U OOCYyXXOeHWs npeacTaBreHHbIX
TEe3UCOB), 3akMnyeHme U CnuMcok nuTepatypbl (6e3 Hymepauuyn 3aronoBKOB U
nopsaronoskoB). O6beM cTaTbu He [OOMKeH npeBbllaTb OAWH aBTOPCKMM nuct (16
cTpaHuy popmaTa A4 C OAMHAPHBLIM UHTEPBANoM, MakCUMyMm A0 24 cTpaHuu, BKMoYas
CCbIJIKM U MPUMNOXEHWS).

Ctatbs gomkHa ObITb HabpaHa Ha KOMMbKTEPE C MCMNONb30BaHWEM cneumanbHO
NMOArOTOBMEHHOIO  pedakuuern MakeTa, KOTOpbIi  MOXHO CckadaTb Ha  CTpaHuue
cauta lNpasuna u obpasey cocmassieHusi cmambu.

3aronoBok

3arofioBok JOMmkeH oTpaxaTb TeMy cTaTtbW. B MHTepecax >xypHanma u aBTopa
Heo6XoaMMO MCronb3oBaTh CMOBa M CroOBOCOYeTaHUs, YAOOHble Ans uHaekcauun u
noucka. Ecnn Takue crioBa He coaepaTtcsi B 3arofloBke, TO xenatenbHo ux 4obasutb B
MOA3aronoBOK.

Tekywumn 3aronoBoK

TekywmiA 3arofloBOK MULIETCH B TUTYNe KaxAowW CTpaHuubl CTaTbM C LENbo
yrnpoweHnsa npouecca wugeHTudukaumM, B NepBYD oO4Yepedb KOMMN CcTaTben B
3MNeKTPOHHOM BuAe. 3aronoBok coaepxuT B cebe hamunuio n nHnuman nMeHn astopa (B
cryyae ecnv aBTOPOB HECKOSbKO, OCTanbHble 0603HavalTca ¢ «et al.» unm «u gp.»),
HasBaHne paboTbl M XypHana (rod, TOM, BbIMYCK, HadanbHas W 3aknioyuTenbHas
cTpaHuua). 3arofnoBOK CTaTbWM W Ha3BaHWe XypHana MoryT OblTb npuBedeHbl B
COKpaLLLeHHOM BUAE.

®UO aBTOpa

MpuBogaTca nonHas damunmsa 1 NonHoe Mms (Bcex) aBTopoB. XKenaTtenbHo, 4Tobbl
ObINM yKka3aHbl MHUUManbl oT4ecTB aBTopoB. amunusa n nvms asTopoB 13 Pecnybnuvku
Cepbusi Bcerga nuwyTCs B OpurMHanbHOM Buae (C cepOCcKMMM  OMakpUTUHECKUMUN
3Hakamu), HeE3aBNCKMMO OT A3blka, Ha KOTOPOM HarnucaHa paboTa.

HaunmeHoBaHue yupexaeHus aBTopa (acdcmnmaums)

MpuBogutca nonHoe (odpmumanbHoOe) HavMeHOBaHWe U  MeCTOHaxoXAeHue
yypexaeHusl, B KOTOpOM paboTaeT aBTOp, a Takke HaVMEHOBaHWE Yy4YpexaeHus, B
KOTOPOM aBTOp MPOBEN uccregoBaHue. B cnyvae opraHvM3aumin Co CIOXHOWN CTPYKTYpOW
NPMBOAMUTCS UX Mepapxuyeckas COnoauMHEHHOCTb (Hanp. BoeHHas akagemus, kadenpa
BOEHHbIX 3MEKTPOHHbIX cuctem, r. benrpan). Mo kpanHen mepe, ogHa U3 opraHusauuni B
nepapxvm [OIPKHa MMEeTb CTaTyCc topuguyeckoro nuua. B cnyyae ecnm ykasaHo
HeCKONbKO aBTOPOB, M €CMN HEKOTOpbIe M3 HUX PaboTaloT B OAHOM YUpEeXOEHWUMN, HYXHO
oTAeNbHbIMU 0B03HAYEHUAMMN UMK KakUM-TMBO ApYyrMM CrnocoboMm ykasaTb B KakoM W3
NpUBEOEHHbIX YYpeXxaeHun paboTaeT Kaxabil u3 aBTopoB. Addunuaumsa nuwertcs
HenocpeacTBeHHo nocne ®NO asTopa. [OmMKHOCTL M creumanbHOCTb MO AUMIIOMY He
yKa3blBaloTCS.

KoHTakTHble AaHHble

OMNEeKTPOHHBIN aapec aBTopa YKasblBalTCA PAOOM C €r0 MMEHEM Ha MepBoW
CTpaHuLbl CTaTbM.
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KaTeropus (Tun) cratbu

KaTteropusaums ctatben sBnsietca o653aHHOCTbIO pedakumm n umeet ocoboe
3HayeHue. Kateropuio ctatby MOryT npeanaratb PeLeH3eHTbl U YneHbl pedakumu, T.e.
penakTopbl pybpuK, HO OTBETCTBEHHOCTb 3a KaTeropusaumio HeceT WCKMYUTENbHO
rmaBHbIN pegakTop. CTaTby B XKypHane pacnpeenstoTcs no creayowmum KaTeropusm:

Hay4Hble cTatbm:

— opurMHanbHas HaydHas cTatbs (paboTta, B KOTOpOW NPUBOAATCA paHee
HeonybnvKoBaHHble pe3ynbTaTbl COBCTBEHHbLIX WCCNEAOBaHWM, MOMYYEHHbIX Hay4YHbIM
MeToaoM);

— obs3opHas cTatbs (paboTa, cofepxallas OpUIMHasbHbIA, JeTanbHbl U
KpUTUYeckuii 063op uccrnedyemoit npoGriembl Unu obrnact, B KOTOPbIA aBTOp BHEC
onpeaenéHHbIN BKkNag, BUAMMbIA Ha OCHOBE aBTOLMTAT);

— kpaTkoe cooblieHne (opurMHanbHas HayyHas paboTa nonHoro dopmara, Ho
MeHbLUero o6bEmMa unu nveroLasa npeaBapuTenbHbIA XapakTep);

— Hay4Hasi KpUTu4eckas ctatbsi (QUCKYCCUSA-NONIEMMKA Ha ONpeaen&HHY Hay4YHyHo
TEMY, OCHOBaHHasi UCKMIOYMTENbHO Ha Hay4YyHOW aprymMeHtaumvM) W  HayuHbIN
KOMMEHTapun.

OpHako, B HEKOTOpbIX 06nacTax 3HaHW Hay4Hasi paboTa B XypHane MoXeT UMeTb
dopMy MOHOrpadn4ecKkoro nccrnegoBaHmns, a Takke KpuTu4eckoro obcyxaeHns HayyHoro
maTtepuana (UCTOPUKO-apXMBHOIO, NeKcukorpadmyeckoro, bubnunorpaduyeckoro, ob63opa
AaHHbIX U T.M.) — A0 CUX NOP HEM3BECTHOMO MM HEAOCTATOYHO AOCTYMHOIO AN HayYHbIX

uccriegoBaHuin. PaBoTbl, KnaccuuLMpoBaHHble B Ka4ecTBe Hay4HbIX, AOJDKHbI MMETb,
Mo MeHbLUENn Mepe, OBE MOMOXNTESbHbIE PeLeH3NN.

B cnyyae ecnu B XypHane OObSBMSOTCA U NPUMOXKEHUS, HE UMEIOLWME HayYHbIN
XapakTep, Hay4Hble CTaTby OOIMKHbI OblTb CrPYNMMPOBaHbI U YETKO BbideNeHbl B NepBon
yacTu Homepa.

[podeccroHanbHble cTaTbm:

— npodpeccuoHanbHasi pabota (MPUNOXEHWs, B KOTOPbIX MpeanaratTcs OnbiThl,
nonesHble AN COBEPLUEHCTBOBAHUS MpPOeccMoHanbHOM MpakTUKK, HO KOTOpble He
DOMKHbI B 06513aTENbHOM nopsiake 6biTb 060CHOBaHBI HA Hay4YHOM MEeToAE);

— MHpopMaTUBHOE NpuUroxeHne (nepenoBas CTaTbsl, KOMMEHTAPUNA U T.M.);
— 0630p (KHMIM, KOMMBIOTEPHOM NPOrpamMMbl, Crlydasi, HAy4HOro CoObITUS 1 T.M.).

Ob6bem kpaTkmx coobLueHuin cocTaBnsieT 4-7 cTpaHuu, UccrnenoBaTenbCkue cTaTbu
N TeMaTU4Yeckue uccnefoBaHWss ¢ Npo6neMHO-CUTYaumMoHHbIM aHanu3om — 10-14
CTpaHul, ogHako 00bem 0630pHbIX cTaten MoxeT ObiTb 6onbwe. OrpaHuveHus no
KONMMYECTBY CTPaHUL, HE SBMSIOTCA CTPOrMMMU, CrefoBaTenbHO MpY COOTBETCTBYHOLLEM
obocHOBaHuM npegocTaBneHHble paboTbl MOryT ObITb ANMHHEE unu Kopoye. B cnydae
noJayn paclUMpeHHbIX BEPCUI paHee onybnmnkoBaHHbIX OOKMAAoB, NPeaCTaBMNeHHbIX Ha
KOHdEepeHUMN, pedakums npoBepuT Obino nu  gobGaBneHo [A0CTaTOYHO  HOBbIX
maTtepuanoB Ans Toro, 4Tobbl CTaTbsi COOTBETCTBOBaNa CTaHAapTaM XypHana u
yCnoBusiM  peueHanpoBaHus. [JobaBneHHbIn MaTepuan [domkeH OblTb  HOBbIM,
HeonybnvkoBaHHbIM paHee. HoBble pesynbTaTbl MPUBETCTBYIOTCS, HO He SABMSOTCS
obsa3aTenbHbIM YCINOBUEM; OLHAKO KIOYEBbLIE TE3WUCbl, MPUMEPbLI, pa3paboTku u mnp.
OOJKHbI ObITh 6onee Noapo6GHO NpeAcTaBneHbl B CTaTbe MO CPABHEHWUIO C MEPBUYHBIM
[OKNaZloM Ha KoHdepeLuun.
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A3blk paboTbl

CtaTtbsl AomKkHa ObIThb HANMcaHa Ha aHTMUNCKOM SA3bIKe.

TexkcT AOJ1KeH ObiTb B JIMHIBUCTUYECKOM N CTUIUCTUYECKOM CMbICIEe ynopsaao4yeH,
cucTemaTusmpoBaH, 6e3 cokpalleHu (3a UcknYeHnem ctaHaapTHbIX). Bee dmanyeckne
BENMNYMHBbI JOSMKHBI COOTBETCTBOBaTb MexayHapogHoON cucTeMe eavHuUL U3MepeHus —
CW. OuepepHocTb chopmyn ob6o3HavaeTcs NOpsAKOBbIMW HOMEpPaMu, MPOCTaBNAEMbIMU C
MpaBol CTOPOHbI B KPYIMbiX CKOBKax.

Pestome

Pestome saBnsetca kpaTkuMm MHAOPMATUBHBIM 0630pOM CoAepXaHus CcTaTbMy,
obecneyvBalOWmM yuTaTento ObICTPOTY M TOYHOCTb OLEHKM €€ peneBaHTHOCTW. B
MHTepecax pefakumm W aBTOpOB, YTOObI pes3loMe codepXano TEepMWHbl, 4acTo
ncnonb3yemble A5 MHAEKCMPOBaHMA 1 noucka ctatber. CocTaBHbIMM YacTAMM pesiome
ABNAIOTCS BBeAeHWe/uernb uccneaoBaHns, Metoabl, pesynbTaTel 1 BbiBOAbl. B pesiome
JomkHO 6biTe OoT 100 go 250 cnoB, M OHO [OOIMKHO HaxoAUTCS Mexay TUTynamu
(3aronosok, PO aBTOPOB M Ap.) W KMOYEBBIMU CrOBaMW, 3a KOTOPbLIMU CrneayeT TeKCT
cTaTbu.

KniouyeBble cnosa

KntoyeBbiMn  crioBamy  SBNSAKOTCS  TEPMUHbl MM @pasbl,  ageKkBaTHO
npeacTaBnslLLmne cogepxaHve ctatbu, HeobxoanMMble ONS UHOEKCMPOBAHUA U NMOUCKA.
KnioueBble croBa HeobOxoaMMo BblGMpaTb, onvMpascb MpuM 3TOM Ha Kakom-nubo
MeXOYyHapOaHbIA UCTOYHMK (pernctp, crnoBapb, Tesaypyc), Haubornee ucnonb3yembin
BHYTPM [Ja@HHOW Hay4yHoW obracTtu. Yucno KknoyeBbIX CNoB He MoxeT npesbiwaTe 10. B
WHTepecax pedakuun 1 aBTopoB, YTOObI YacToTa UX BCTpeYM B cTaTbe Oblna Kak MOXHO
6onbluen. B ctatbe OHM NWLIYTCA HENOCPeACTBEHHO MoCne pestome.

Mporpamma ASSISTANT npenoctaBnsieT BO3MOXHOCTb WCMONb30BaHUSA cepBuca
KWASS, aBToMaTtudecku hMKCUPYHOLLIEro KIHOYEBbIe CMOBa U3 NCTOYHMKOB/CNoBaper no
BbIOOpY aBTOpa/penakTopa.

[aTa nonyyeHus ctatbun

HaTa, korga pepakuusi nonyyuna craTblo; gaTa, koraa pefakumsi OKOHYaTernbHO
npyHaAna cratblo K nybnukauumn; a Takke pJarta, korga Obinyv  npedocTaBneHbl
HeobXxoaMMble VCNPaBMEHUsI PYKOMUCK, MPUBOASITCA B XPOHOMOMMYECKOM MOpPSiAKe, Kak
npaBuIo, B KOHLE CTaTbu.

BbipaxeHue 6narogapHocTu

HavmeHoBaHMe 1 HOMep MpoekTa, T.e. Ha3BaHWe nporpaMmbl Gnarogaps KOTopon
CTaTbsl BO3HUKITA, COBMECTHO C HAMMEHOBaHWEM YyUYpeXAeHWs, KOTopoe rHaHCMpoBarno
NPOEKT Unu nporpaMMy, MPUBOASTCA B OTAENbHOM MPUMEYaHUW, Kak NpaBuio, BHU3Y
NepBON CTPaHWLbl CTaTby.

Mpeabiaywme Bepcumn paboThbl

B cnyyae ecnn crtatbs B npeabigywien Bepcun Obina m3noxeHa yYCTHO (noAa
OAMHaKOBbIM MMM MOXOXMM HasBaHWEM, Hanpvmep, B BuAe [JOKnaga Ha Hay4How
KOH(pepeHLun), cBeaeHns 06 3TOM OOMKHbI ObiTb ykasaHbl B OTAENbHOM MpUMeYaHuu,
KaK npaBuro, BHW3Yy MepBOW CTpaHuubl cTatbn. Paborta, koTopas yxe Obina
onybnukoBaHa B KakoM-nnbo M3 XypHanoB, He MoxeT OblTb HanevaTtaHa B «BoeHHo-
TEXHUYECKOM BECTHUKE» HU MO MOXOXMM Ha3BaHNEM, HU B UBMEHEHHOM BUAE.
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Hymepauus v HasBaHue Tabnuy u rpacdmkoB

XKenartenbHo, 4TO6bl HyMepauus W HasBaHue Tabnuy w rpadukos 6binu
WCMOMNHEHbl Ha [ABYX #A3blkax (Ha A3blke opurMHana W Ha aHrnuvnickom). Tabnuubl
MOAMUCHIBAIOTCA TaKMM e crnocobom Kak M TekCT M 0bo3HavaloTcs MNOpSOKOBbIM
HOMEPOM C BEpXHeW CTOPOHbl. PoTorpadpmMm M PUCYHKN [OMKHbI ObiTb MOHATHBI,
HarnagHbl M yaobHbl Ana penpoaykuun. PucyHkun HeobxoguMmo denate B nporpammax
Word nnun Corel. doTorpadum n pucyHkM Hago NocTaBuTb Ha XKeraeMoe MecTo B TEKCTe.
[ns cosgaHusa m3obpaxeHni u rpacmkoB UCMOMb30BaHNE (MYHKLUUW CHUMKa C 3KpaHa
(ckpuHwoTa) He ponyckaeTcd. B camom TekcTe cTaTbuM pekoMeHOyeTcs NpuMeHeHue
n306paxeHnn n rpadmkos, 06paboTaHHbLIX TaKUMU KOMMBLIOTEPHLIMU NPOrpaMmMamMu, Kak:
Excel, Matlab, Origin, SigmaPlot n gp.

CcbInKu (UMTUPOBaHUE) B TEKCTe

OdopmrneHne CCbIMOK Ha WCTOYHMKM B paMKax CcTatbW [JOIMDKHO  ObiTb
0fHO0Gpa3sHbIM. «BOEHHO-TEXHUYECKMIA BECTHUK» ANsi OPOPMIEHMsST CCbINOK, uMTaT U
Cnucka uCMNonb30BaHHOW nuTepaTypbl npumeHseT [apsapackyto cuctemy (Harvard
Referencing System, Harvard Style Manual). B TekcTe B ckobkax npuBoautcst hamunums
unTUpyemoro aBtopa (Mnv chamunua nepBoro aBTopa, eCnvM aBTOPOB HECKOIMBKO), rof
n3gaHusa 1 No HeobxooumMocTu Homep cTpaHuubl. Hanpumep: (Petrovi¢, 2010, pp.10-20).
PekomeHpaumm o cnocobe UMTUPOBaHWS pas3MeLLeHbl Ha CTpaHuue canTa MHempykyus
no ucnonb3oeaHuto apsapdckoeo cmuss. MNMpu oopMneHnn CCbinok, LMTaT U cnmcka
UCMNOMb30BaHHOW NUTEpaTypbl HEOOXOOUMO NPUAEPKMBATLCA YCTAHOBMEHHBIX HOPM.
Mporpamma  ASSISTANT  npepgoctaBnser  npyv  UUTMPOBAHUM  BO3MOXHOCTb
ucnone3oBaHusa cepsuca CiteMatcher, dumkcupytowero nponylieHHble uutaTtbl B pabote
N B CMUCKe NuTepaTypbl.

MpumeyaHus (CHOCKK)

MpumeyaHmsa (CHOCKWM) K TEKCTY YKasblBalOTCA BHU3Y CTPaHWULbl, K KOTOPOW OHWU
oTHocATCH. [MpumeyaHns MoOryT cogepaTb MeHee BaXHble AeTanu, OOMONHUTENbHbIe
006bACHeHUs, ykaszaHns 06 MCMOMb30BaHHbIX UCTOYHMKaxX (Hanp. Hay4YHOM maTtepwuane,
CnpaBOYHMKaXx), HO HEe MOryT OblTb 3aMeHOI NpoLeaypbl LMTUPOBaHWS nMTepaTypbl.

TNurepartypa (pecepeHuunn)

LinTupoBaHHom nuTepaTypon OXBaTbIBaOTCH, Kak npasmno, Takue
6ubnuorpacdnyeckne MUCTOYHMKM Kak cTaTbW, MoOHorpacdmu u T.n. Bcs ucnonbsyemas
nuTepaTypa B Buae pedepeHumin pasmeLlaeTcs B OTAENbHOM pasaene ctaTbi.

HassaHnsa nuTepaTypHbIX MICTOYHMKOB HE NEPEBOASTCA Ha A3blK paboThl.

«BOEHHO-TEXHNYECKMI BECTHUK» AN  OMOPMIIEHMS CNMWCKa MCMONb30BaHHON
nutepaTypbl npuMmeHsieT [apBapackyto cuctemy (Harvard Style Manual). B cnucke
nUTEpaTypbl NCTOYHMKWN YKasbiBalOTCA B andaBuTHOM nopsgke damunuin aBTopoB Unn
penakTtopoB. PekomeHaaumm o cnocobe LUTMPOBaHMS pa3MeLLeHbl Ha CTpaHuue cainTa
UHcmpykyus no ucrnonb3osaHuto [apeapdckozo cmuns. [pu odopmneHun cnucka
NCMNONb30BaHHOW NMTEpaTypbl HEOOXOAMMO NPUAEPKMBATLCS YCTAHOBIMEHHBIX HOPM.

Mpu odopmneHun cnucka nutepatypbl nporpamma ASSISTANT npepocraBnsiet
BO3MOXHOCTb WCMONb3oBaHMsa cepBuca RefFormatter, ocyllecTBnawOLWEro KOHTPOINb
odopMIEHMSA CrnMcka nuTepaTypbl B COOTBETCTBMM CO CTaHgaptamu [apBapackoro
cTuns.

HecTtanpgapTHOoe, HenomHoe u HenocnefoBaTenbHOE NpUBEAEHVEe nuTepaTypbl B
CMUCTEMAx OLEHKM >XypHamna CuYuMTaeTcsl [OCTaTOYHOM MPUYMHOM [Ans OochnapyBaHusi
Hay4YHOro craTtyca XypHana.
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ABTOpCKOe 3asiBneHue

ABTOpCKOE 3asiBfieHMe MNpeaocTaBnsAeTcA BMECTe CO CTaTbell, B HeM aBTopbl
3aABNAIOT O CBOEM JIMYHOM BKMade B HanucaHue crtatbW. B 3asBrneHun asTopbl
noaTBEPXKOaloT, YTO CcTaTbs HanucaHa B COOTBETCTBUM ¢ [lpuenaweHuem U
uHcmpykuusmu  Ons aemopog, a Takke c KoOekcoMm npogheccuoHanbHol 3muKu
JKypHana.

Bce pykonucu ctaten nognexart npodecCUoHanbHOMY peLeH3MPOBaHUIO.

Cnncok peueH3eHTOB XXypHarna «BOEHHO-TEXHWYECKUA BECTHMK» pasMeLLEH Ha
cTpaHuue canta Criucok peueH3eHmos. [Npouecc peLeH3npoBaHMs onvucaH B pasgene
lNpasuna peueH3uposaHus.

Pepakuus
MoyToBbLIV agpec peaakunm:
«BOJHOTEXHNYKN rMaCHUK»
yn. Benbka Jlyknya Kypsika 33
11042 benrpag, Pecnybnuka Cepbus
e-mail: vojnotehnicki.glasnik@mod.gov.rs.
Ten: +381 11 3603 260, +381 66 8700 123
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CALL FOR PAPERS AND ARTICLE FORMATTING INSTRUCTIONS

The instructions to authors about the article preparation for publication in the
Military Technical Courier are based on the Regulations on categorization and ranking of
scientific journals of the Ministry of Education, Science and Technological Development
of the Republic of Serbia (Official Gazette of the Republic of Serbia, No 159/20). This
Regulations aims at improving the quality of national journals and raising the level of their
compliance with the international system of scientific information exchange.

The Military Technical Courier / Vojnotehnicki glasnik
(www.vtg.mod.gov.rs/index-e.html,  BTr.mMo0.ynp.cp6, ISSN 0042-8469 - print issue,
e-ISSN 2217-4753 - online, UDC 623+355/359, DOI: 10.5937/VojnotehnickiGlasnik;
https://doi.org/10.5937/VojnotehnickiGlasnik), is an international peer-reviewed scientific
journal.

The owners of the journal are the Ministry of Defence of the Republic of Serbia and
the Serbian Armed Forces. The publisher and financier of the Military Technical Courier is
the University of Defence in Belgrade (Military Academy).

The program of the journal is based on the annual classification of journals
performed by a relevant Ministry as well as on its indexing in international indexing
databases.

The journal covers scientific and professional fields within the educational-scientific
field of Natural-Mathematical Sciences, as well as within the educational-scientific field
of Technical-Technological Sciences, and especially the field of defense sciences
and technologies. It publishes theoretical and practical achievements leading to
professional development of all members of Serbian, regional and international academic
communities as well as members of the military and ministries of defence in particular. It
publishes papers with balanced coverage of analytical, experimental, and applied
research as well as numerical simulations from various disciplines. The material
published is of high quality and relevance, written in a manner that makes it accessible to
a wider readership. The journal welcomes papers reporting original theoretical and/or
practice-oriented research as well as extended versions of already published conference
papers. Manuscripts for publication are selected through a double-blind peer-review
process to validate their originality, relevance, and readability. This being so, the objective
is not only to keep the quality of published papers high but also to provide a timely,
thorough, and balanced review process.

The editorial policy of the Military Technical Courier is based on the COPE Core
Practices 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).
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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
159/20). More detailed information can be found on the website of the Ministry of
Education, Science and Technological Development.

The journal is in the Serbian Citation Index — SCindex (data base of national
scientific journals), in the Scientific Information System Redalyc, and in the Russian Index
of Science Citation/Poccuiickun nHgekc HayvHoro umtmpoBanus (RINC/PUHLL) and is
constantly monitored depending on the impact within the bases themselves. More
detailed information can be viewed on the website of the Military Technical Courier,
page Journal indexing.

Military Technical Courier enables open access and applies the Creative Commons
Attribution (CC BY) licence provisions on copyright. The copyright details can be found on
the Copyright notice and Self-archiving policy page of the journal's website.

Manuscripts are submitted online, through the electronic editing system
ASSISTANT, developed by the Center for Evaluation in Education and Science — CEON.

The access and the registration are through the Military Technical Courier
site http://www.vtg.mod.gov.rs/index-e.html, on the page ASSISTANT or the page

SCINDEKS or directly through the link (aseestant.ceon.rs/index.php/vtg).

The detailed instructions about the registration for the service are on the website
http://www.vtg.mod.gov.rs/index-e.html, on the page Instructions for ASSISTANT.

All authors submitting a manuscript for publishing in the Military Technical Courier

should register for an ORCID ID following the instructions on the web page Registration
for an ORCID identifier.

The Military Technical Courier publishes articles in English,
using Arial and a font size of 11pt with Single Spacing.

The procedures of article preparation, writing and editing should be in accordance
with the Publication ethics statement (http://www.vtg.mod.gov.rs/publication-ethics-
statement.html).

The article should contain an abstract with keywords, introduction (motivation for
the work), body (adequate overview of the representative work in the field, a clear
statement of the novelty in the presented research, suitable theoretical background, one
or more examples to demonstrate and discuss the presented ideas), conclusion, and
references (without heading and subheading enumeration). The article length should not
normally exceed 16 pages of the A4 paper format with single spacing, up to a maximum
of 24 pages with references and supplementary material included.

The article should be formatted following the instructions in the Article Form which
can be downloaded from website page Article form.
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Title

The title should be informative. It is in both Journal’'s and author’s best interest to
use terms suitable for indexing and word search. If there are no such terms in the title, the
author is strongly advised to add a subtitle.

Letterhead title

The letterhead title is given at a top of each page for easier identification of article
copies in an electronic form in particular. It contains the author’s surname and first name
initial (for multiple authors add “et al”), article title, journal title and collation (year, volume,
issue, first and last page). The journal and article titles can be given in a shortened form.

Author’s name

Full name(s) of author(s) should be used. It is advisable to give the middle initial.
Names are given in their original form (with diacritic signs if in Serbian).

Author’s affiliation

The full official name and seat of the author’s affiliation is given, possibly with the
name of the institution where the research was carried out. For organizations with
complex structures, give the whole hierarchy (for example, University of Defence in
Belgrade, Military Academy, Department for Military Electronic Systems). At least one
organization in the hierarchy must be a legal entity. When some of multiple authors have
the same affiliation, it must be clearly stated, by special signs or in other way, which
department exactly they are affiliated with. The affiliation follows the author's name. The
function and title are not given.

Contact details

The postal addresses or the e-mail addresses of the authors are given in the first
page.

Type of articles

Classification of articles is a duty of the editorial staff and is of special importance.
Referees and the members of the editorial staff, or section editors, can propose a
category, but the editor-in-chief has the sole responsibility for their classification.

Journal articles are classified as follows:
Scientific articles:

— Original scientific papers (giving the previously unpublished results of the author’s
own research based on scientific methods);

— Review papers (giving an original, detailed and critical view of a research problem
or an area to which the author has made a contribution demonstrated by self-citation);

— Short communications or Preliminary communications (original scientific full
papers but shorter or of a preliminary character);

— Scientific commentaries or discussions (discussions on a particular scientific
topic, based exclusively on scientific argumentation) and opinion pieces.

Exceptionally, in particular areas, a scientific paper in the Journal can be in a form
of a monograph or a critical edition of scientific data (historical, archival, lexicographic,
bibliographic, data survey, etc.) which were unknown or hardly accessible for scientific
research.

Papers classified as scientific must have at least two positive reviews.
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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.)

Short communications are usually 4-7 pages long, research articles and case
studies 10-14 pages, while reviews can be longer. Page number limits are not strict and,
with appropriate reasoning, submitted manuscripts can also be longer or shorter. If
extended versions of previously published conference papers are submitted, Editors will
check if sufficient new material has been added to meet the journal standards and to
qualify such manuscripts for the review process. The added material must not have been
previously published. New results are desired but not necessarily required; however,
submissions should contain expansions of key ideas, examples, elaborations, etc. of
conference papers.

Language
The language of the article should be in English.

The grammar and style of the article should be of good quality. The systematized
text should be without abbreviations (except standard ones). All measurements must be
in Sl units. The sequence of formulae is denoted in Arabic numerals in parentheses on
the right-hand side.

Abstract and summary

An abstract is a concise informative presentation of the article content for fast and
accurate evaluation of its relevance. It contains the terms often used for indexing and
article search. A 100- to 250-word abstract has the following parts: introduction/purpose
of the research, methods, results and conclusion.

Keywords

Keywords are terms or phrases showing adequately the article content for indexing
and search purposes. They should be allocated heaving in mind widely accepted
international sources (index, dictionary or thesaurus), such as the Web of Science
keyword list for science in general. The higher their usage frequency is, the better. Up to
10 keywords immediately follow the abstract and the summary, in respective languages.

For this purpose, the ASSISTANT system uses a special tool KWASS for the
automatic extraction of key words from disciplinary thesauruses/dictionaries by choice
and the routine for their selection, i.e. acceptance or rejection by author and/or editor.

Article acceptance date

The date of the reception of the article, the dates of submitted corrections in the
manuscript (optional) and the date when the Editorial Board accepted the article for
publication are all given in a chronological order at the end of the article.

Acknowledgements

The name and the number of the project or programme within which the article was
realised is given in a separate note at the bottom of the first page together with the name
of the institution which financially supported the project or programme.
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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
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.
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