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BIACHULMN:
MunuctapcTBo onbpaHe u Bojcka Cpbuje

M30ABAY:
YHuBepauteT onbpaHe y Beorpaay, BojHa akagemuja

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

[p 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.



http://www.vtg.mod.gov.rs/urednistvo.html

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:

Introduction/purpose: A fixed point theorem of an order-preserving map-
ping on a complete partial b-metric space satisfying a contractive condi-
tion is constructed.

Methods: Extension of the results of Batsari et al.

Results: The fidelity of quantum states is used to construct the existence
of a fixed quantum state.

Conclusions: The fixed quantum state is associated to an order-
preserving quantum operation.

525

Tiwari, R. et al, Fixed point theorem in a partial b-metric space applied to quantum operations, pp.525-545


https://orcid.org/0000-0002-6112-0116
https://orcid.org/0000-0003-0216-241X
https://orcid.org/0000-0001-9143-5410
https://orcid.org/0000-0003-1645-2071
https://doi.org/10.5937/vojtehg70-37109

@ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2022, Vol. 3, Issue 70

Key words: partial b-metric space, order-preserving mapping, quantum
operation, fidelity of quantum state, Bloch vector.

Introduction and preliminaries

A partial metric space is a generalized metric space in which each
object does not necessarily have a zero distance from itself (Aamri & El
Moutawakil, 2002). Another angle of fixed point research emerged with
the approach of the Knaster-Tarski fixed point theorem (Knaster, 1928;
Tarski, 1955). The idea was first initiated from Knaster and Tarski in
1927 (Knaster, 1928), and later Tarski found some improvement of the
work in 1939, which he discussed in some public lectures between 1939
and 1942 (Tarski, 1955, 1949). Finally, in 1955, Tarski (Tarski, 1955)
published the comprehensive results together with some applications.
A different property of this theorem is that it involves an order relation
defined on the space of consideration. Indeed, the order relation serves as
an alternative to the continuity and contraction of the mappings as found
in the Brouwer (Brouwer, 1911) and Banach (Banach, 1922) fixed point
theorems, respectively, see (Tarski, 1955).

After the approach of the Brouwer (Brouwer, 1911), Banach (Banach,
1922) and Knaster-Tarski (Tarski, 1955) fixed point theorems, many
researchers become involved in extension (Browder, 1959; Leray &
Schauder, 1934; Schauder, 1930), generalization (Batsari et al, 2018;
Browder, 1959; Du et al, 2018) and improvements (Batsari et al, 2018;
Batsari & Kumam, 2018; Kannan, 1972; Khan et al, 1984) of the theorems
using different spaces and functions. In the way of generalizing spaces
was Bourbaki-Bakhtin-Cezerwik’s b-metric space (Bakhtin, 1989; Bour-
baki, 1974; Czerwik, 1993), Matthews’s partial metric space (Matthews,
1994) and Shukla’s Partial b-metric space (Shukla, 2014).

In the area of the quantum information theory, a qubit is seen as a
quantum system, whereas a quantum operation can be inspected as
the measurement of a quantum system; it describes the development
of the system through the quantum states. Measurements have some
errors which can be corrected through quantum error correction codes.
The quantum error correction codes are easily developed through the
information-preserving structures with the help of the fixed points set
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of the associated quantum operation. Therefore, the study of quantum
operations is necessary in the field of the quantum information theory, at
least in developing the error correction codes, knowing the state of the
system (qubit) and the description of energy dissipation effects due to loss
of energy from a quantum system (Nielsen & Chuang, 2000).

In 1951, Luders (Luders, 1950) discussed the compatibility of quantum
states in measurements (quantum operations). He also proved that
the compatibility of quantum states in measurements is equivalent to the
commutativity of the states with each quantum effects in the measurement.

In 1998, Busch et al. (Busch & Singh, 1998) generalized the Luders
theorem. He also showed that a state is unchanged under a quantum
operation if the state commutes with every quantum effect that relates
the quantum operation. In 2002, Arias et al. (Arias et al, 2002) studied
the fixed point sets of a quantum operation and gave some conditions
for which the set is equal to a commutate set of the quantum effects
that described the quantum operation. In 2011, Long and Zhang (Zhang
& Ji, 2012) deliberated the fixed point set for quantum operations, they
presented some necessary and sufficient conditions for the existence
of a non-trivial fixed point set. Similarly, in 2012, Zhang and Ji (Long &
Zhang, 2011) deliberated the existence of a non-trivial fixed point set of
a generalized quantum operation. In 2016, Zhang and Si (Zhang & Si,
2016) explored the conditions for which the fixed point set of a quantum
operation (¢ 4) with respect to a row contraction .4 equals to the fixed point
set of the power of the quantum operation (d)i‘) forsome 1 < j < +oc.
Other useful references are (Agarwal et al, 2015; Debnath et al, 2021; Kirk
& Shahzad, 2014).

DEFINITION 1. (Shukla, 2014) A partial b-metric on the set X is a function
ps + X x X — R, such that,

(1) Forall z,y € X, = =y iff ps(z,z) = ps(x,y) = ps(y,y)

(2) Forall v,y € X, ps(z,z) < ps(v,y)

(3) For all 7,y € X, ps(z,y) = ps(y,z)

(4) There exists a real number s > 1 such that, for all z,y, z € X, ps(x, z) <

slps(z,y) + ps(y, 2)] — ps(y, y)-
(X, ps) denotes the partial b-metric space. Note that every partial metric is
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a partial b-metric with s = 1. Also, every b-metric is a partial b-metric with
ps(x,z) =0, for all z,y € X.

A sequence {z,} in the space (X,ps) converges with respect to the
topology 7, to a point = € X, if and only if
i p (e, x) = ps(@, ). (1)
The sequence {z,} is Cauchy in (X, p,) if the below limit exists and is
finite
lim  ps(zp, Tm) < +00. (2)

n,m—-+00

A partial b-metric space (X, ps) is complete, if every Cauchy sequence
{z,} in (X, ps) converges to a point € X such that,

lim  ps(zn, 2m) = ps(z, 2). 3)

n,m—-+00

DEFINITION 2. A mapping T is said to be order-preserving on X, whenever
x < yimplies T'(x) X T(y) for all z,y € X.

Main result

The objective of this work is to establish a fixed point theorem in a com-
plete partial b-metric space.

THEOREM 1. Let (X, p,) be a complete partial b-metric space with s > 1 and
associated with a partial order <. Suppose an order preserving mapping
T : X — X satisfies

ps(T(2),T(y)) < amax{ps(z,y),ps(z,T(y)),ps(y, T(2))}

0 min{py (e, T(w) + o3 7)o, T@) 4 2o 7)) (@)

for all comparable z,y € X, where o, 3 € [0,0] and 6 = min{z, Z35}. If
there exists xy € X such that o < T'(x), then T has a unique fixed point

% € X such that ps(z,2) = 0.

Proof. Suppose z( # T'(zg), define a sequence {z,,} C X by z,, = T"(x0)
and let ¢, = ps(zpn,xny1). Itis clear that if z, = x,,, for some natural
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number n, then z,, is a fixed point of T', i.e., 41 = T'(x,) = xy.
Let z,11 # x,, for all n € N. Then, we proceed as follows:
n = ps(xml"n—i-l) = pS(T(xn_l),T(xn))
< « max{ps(xn,l, $n)7ps(xnfla T(xn))aps ($na T(xnfl))}
+§ min{ps(xn—la T(xn))+
ps(xnv T($n—1)))ps(xn—la T(«Tn—l)) + ps(xnv T(l'n) }

)
= « max{ps(xn—h wn)aps(-xn—h xn—&-l)yps («'Um xn)}

B .
+= mln{ps(xn—la xn—i—l) + ps(xna xn)aps(xn—la 'rn) + ps(xna xn—i—l)}

2
= amax{ps(Tn-1,Tn), $[Ps(Tn-1, Tn) + Ps(Tn, Tnt1)]}
_|_é [S[ps(xn—lv xn) + s ($n, xn+1)] + Ds (xn—b xn) + ps(xny wn—l—l)]
2 2

a(s[ps(Tn-1,2n) + Ps(Tn, Tni1)])+

g(s + 1) [ps(xn—ly mn) ;ps(xnv xn-{—l)]

= as+ B(Séjl)(ps(xnla fn) + ps(l'na -Tn+1))

das + Bs +
= #(ps (:L'nfly xn) + ps(l'na $n+1))

_ das+PBs+p

4 (%171 + Qn)'
Thus, we have

<4as+,88+,6’

dn > 4 (Qn—l + Qn)

which implies

(ArtesoBeoBy, o JastBsrhy, )

By simplifying (5), we have

das+ s+ B
4 —4as — fBs — ﬁ)qnfl 6)

an < (

For 6 € min{%, -2;}, we deduce that

0< das+ Bs+ 3 <1,
4—4as—PBs—p
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Therefore, from(6), we conclude that ps(zn, 2ni1) = g0 < -1 =

ps(Tpn—1,2,). Thus, {g, ‘xi is @ monotone non-increasing sequence of
real numbers and bounded below by 0. Therefore, lim,, 1., ¢, = 0, see
Chidume et al.(Chidume & Chidume, 2014).

Next, we show {xn > is Cauchy. Let z,, z,, € X, for all n,m € N.
Then,

ps(xnvxm) - Ps(Tn$0,Tml’0)
= ps(T(zn-1), T(Tm-1))
= Oémax{ps@n—l,JUm—l),Ps(an—l,CUm)aps@m»Tm—l)}
B .
+§ mlnps(xnfla wm) +ps(33m717 wn)aps(xnfla xn) +ps(1‘mfla xm)

= amax{s(ps(xn_l, xn) +ps(xn7 xm—l))aps(a:n—lv xm)aps(xna xm—l)}

B ps(xn—lv xm) + ps($m—17 xn) + ps(xn—la xn) + ps(xm—l) l'm)
31 2 }

= « maX{S(ps(-Tnfla xn) + 5(ps(l'na xm) + Ps (xma ZEmfl)))aps (l‘n*l, xn)

+ps($m—1a xm)} + g(s(ps(xn—la xn) +ps($na xm)) + 3(ps($m—1> $m)

+Ps(Tms Tn)) + Ps(Tn-1, Tn) + Ps(Tm—1, Tm)
= as(ps(tn—1,20) + 5(Ps(@n, Tm) + Ps(Tm, Tm-1))
—i—g(sps(xn_l, Tn) + 25ps(Tn, Tm) + SPs(Tm—1, Tm)
+Ps(Tn—1,Zn) + Ps(Tm—-1, Tm))
< (as+ —ﬁ + B)ps(xn_l,a:n) + (as® + %

4
+(a5 + ZIB + i)ps(xm—laxm)v (7)

)ps (xnv wm)

implies that

D paln,2m) < (s + 24 Doy,

4
(OéS + 75 + i)ps($m717xm)
2
< m((as + Zﬂ + g)ps(fUnfl’ﬂ?n)
5 B

+( + -+ 4)ps($mfla$m))- (8)

(1— (as®+
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Now, taking the limit as n,m — +oco in (7), we have

nnlgnJroops(xn’xm) =0.

Therefore, {x,} is a Cauchy sequence in X. For X being complete,
there exists £ € X such that

ngr_f_loops(xnax) = nnlbl—I}l—i-oops(xn’:Em) ps(ﬂj,l‘) =0.

Now, we proceed to prove the existence of the fixed point of T satisfying
(1). Let g € X be such that zy < T'(xg). If T'(xg) = zo then, zo is a
fixed point of 7. Recall that, T is order-preserving and zp < T'(x¢) then,
we have rg X T(xo) =21, r1 X T(a;l) = T9, T2 X T(l’g) = I3, ',
zn 2 T(xy) = zp41. By transitivity of <, we have zp < 21 < 29 < 23 <

R Ty X Tppr X
For showing & € X is a fixed point of T', we proceed as follows:

ps(2,T(2)) < s[ps(T, Tnt1) + Ps(@ns1, T(2)] — ps(Trg1s Tns1)
< s[ps (2, 2pt1) + ps(T(2n), T(2)]

[ps(:c Tn+1) + amax{ps(n, 2), ps(@n, T(2)), ps(2, T'(2n))}
+§ min{p,(zn, T(Z)) + ps(2, T(2n)), ps(2n, T(21)) ""pS(i’?T(CZ))}]
< 5[ps(@, 2p41) + amax{ps(wn, ), ps (20, T(2)), ps (&, T(20))}
02, T@)) + a3 T ) + 9 T0) - ©

+
Case I: Suppose max{ps(zn,2),ps(@n, T(2)),ps(, T (2n))} = ps(zn, ).
Then, from inequality (9), we have

+

ps(2,T(2)) < 3[ps<£'7wn+1)+aps(l'n,i')

(ps(xn, T(z)) +ps(@,T(x n))+p8(me(zn))"‘pS(i’?T(CZ)))]
2

< ps(inst) + saps(n, 8) + 2 (5(paln, ) + Bl T(2))

"’ps(i'a $n+1) + ps(xna $n+1) + ps(ia T(i')))
2
S

2

ﬁ)pS(«%a Tpt1) + (sa +

= s+ = Ips(wn, @)
2
+(¥ + %)ps(iaT(i‘) + %ps($n7xn+l)'
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From the above inequality, we have

2
(1= 22— Dy, T@) < (54 2D opala,min)+
2
(SOé + %)ps(«xrw i') + %ps(xna xn—l—l);
which implies
4
ps(2,T(2) < 1-s26_38 [(8 =+ %)ps(iaxn—&—l)‘i‘
2
(sa + %)ps(aﬁn, ) + %ps(m’n, Tn+1)]- (10)

We can observe that for 5 € min{ %, 27},

4-s’8—sB=4—-5*8—s8
=4—sB(s+1). (11)
If 5 = s%_ then, from equality (11) we have
4—s*—sB=4—sB(s+1)

1
:4_5(5—’_1)573

s+1
=4 — 82
>0 forall s > 1. (12)
Similarly, if 3 = =2, then, from equality (11),
s+1
4—s’B—sB=4—sB(s+1)
2
_4_(S+1)85+1
1
§4 - S(S + 1)8*3
>0 forall s > 1. (13)

From equalities (12) and (13), we conclude that the right-hand side of
(10) is non-negative.
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Case Il Suppose max{ps(zn,2),ps(@n, T(Z)),ps(@,T(zn))} =

ps(xn, T(Z)). Then, from inequality (9),
we have

ps(2,T(2)) < s|ps(&; Tny1) + aps(zn, T (L))
ﬁ(pS(ZUmT(‘%)) + ps(2, T'(2n)) + ps(@n, T(7n)) —I—ps(i‘,T(:i‘)))]
2 2

< 8[ s(a%,xn“) + Oés(ps(xmi') +ps('ﬁ7T(*ﬁ)))

+§(8(p5($n, i') +ps(j)T(i))) +ps(£axn+1) +p8(xmxn+1) +p5(§:7T(£)))]

< (54 Zo)pu(@, 2nsn) + (SPa+ D )py(n, 8)

4 4
et 24 Do .1 + Dspa(enm),

from the above inequality, we have

(- o~ 22 Dop.@.1@) < (s + Do)pa(a, i)
+(32a + §SQ)ps(azn, z) + gsps(xn, Tnt1),
so that
(4, T(3)) < 1 (s + 2 9)pa(@, ens)
Ps\@, = —4320[ —532 _ BS 4 Ps(Ty Tn+1
+(3204 + 532)178(%17 jj) + gsps(xm xn+1)] (14)

from the fact that 0 min{s%, 8%1}, we have if a > (3 then by (14), we have

4— 4820 — Bs® — Bs =4 — 4% + Bs® + Bs
=4 — (5s+1)spB. (15)
If 3 = % by (15), we have
4 —45%a — Bs® — s =4— (55 +1)sB
=4 - (58—1—1)38—3
>0 foralls>1. (16)
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If B = =27 by (15), we have

4— 45?0 — Bs? — s =4 — (5s + 1)s8

=4-(5 1
(5s+ )Ss—i-l

1
<4—(5s+ 1)55
>0 forall s> 1. (17)
From inequalities (16) and (17), we conclude that the right-hand side of
(10) is non-negative.
If « < 3, then by (14), we have
4 — 4520 — Bs? — Bs = 4 — 4s%a + as® + Bs
=4—-55%a + sa
=4 — (55 + 1)sa. (18)

Similarly for (18), we conclude that the right-hand side of (10) is
non-negative.

Case |lll: Suppose max{ps(zn,2),ps(Tn, T(2)),ps(Z,T(zy))} =
ps(Z,T(xy))). Then, from inequality (9), we have

ps(2,T(2)) < 8[ps(&, 2nr1) + aps(, T(xn)))

+§(ps(me(£)) +ps(2, T (wn)) + ps(Tn, T(zn)) —|—ps(:ﬁ,T(£)))]

< 5[ s(*%vxn-i-l) + O‘Sps(i’l'n-‘rl)

P (s(palin, )+ a2, T@N) +pa(E,0ni1) + Pl 2s) + o2, T()]

< (st+as+ gs)ps(;f:, Tpt1) + és2ps($n>53)

4
1O+ . 1@) + Dspaten, ).

By the simplification of the above equality, we have

ps(2,T(2) < 4—3245—36 (s + s + gs)ps(i', Tni1)
—|—§(92ps(33n,i) + gsps(:l:n,:z:nﬂ)]. (19)
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Note that, for any value of o, 3 € [0,60) and 4 — s23 — s3 > 0. Thus, the
right-hand side of (10) is non-negative. Taking the limit as n — +oco of both
sides in the respective inequalities (10), (14) and (19), we conclude that

ps(2,T(2)) = lim ps(2, T(2))

n—-4o00
=0.
Thus, T'(z) = z.
Next, we prove that if & € X is a fixed point of T', then p,(z, ) = 0.
Suppose ps(z,2) # 0. Then

ps(Aa‘%) :ps(T(i'a‘%))
< amax{ps(Z, ), ps(&, %)), ps(Z,2))}

0 min{p (2, ) + pa(2,2),p0(2,2) + py(2,8))
= (a+ B)ps(2, )
= Ops(,7)
< ps(T, ).

This is contradicting the fact that ps(z, Z) # 0. Therefore, ps(z,z) = 0.

Last, we will prove the uniqueness of the fixed point. Let z1, 22 € X be
two distinct fixed points of T'. Then

ps(w1,2) = ps(T'(21), T (72))
< amax{ps(z1,22), ps(x1, T (22)), ps(@2, T(21))}
+§ min{ps(z1, T(z2)) + ps(@2, T(x1)), ps(x1, T(21)) + ps(w2, T(22)) }

= amax{ps(r1,22),ps(1,2), ps(T1, 22)}

+§ min{ps(z1,z2) + ps(x1, x2), ps(x1, 2) + ps(@1, 22) }

= (a+ B)ps(z1,22)
= 9P3($1,$2)
< ps(1,22).
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This is a contradiction. Therefore, the fixed point is unique. O

REMARK 2. If we take o = & and py(z, T(y)) + ps(y, T(x)) > ps(a, T(z)) +
ps(y,T(y)) then we find Theorem 1 of Batsari et al. (Batsari & Kumam,
2020).

COROLLARY 3. Let (X, p) be a complete partial metric space associated
with a partial order <. Suppose an order-preserving mapping 7' : X — X
satisfies

ps(T(x), T(y)) < amax{ps(z,y),ps(z,T(y)), ps(y, T(z))}

5 min pa(a, T(0) + po(y, () o, T@) + 9oy, T (20)

for all comparable z,y € X, where 6 € [0, 1]. If there exists zy € X such
that zp < T'(z¢), then T has a unique fixed point & € X and p(z, %) = 0.

Now we apply our main result similar to (Batsari & Kumam, 2020) as fol-
lows:

Application to quantum operations

In quantum systems, measurements can be seen as quantum op-
erations (Seevinck, 2003). Quantum operations are very important in
narrating quantum systems that collaborate with the environment.

Let B(H) be the set of bounded linear operators on the separable com-
plex Hilbert space H;B(H) is the state space of consideration. Suppose
A={A;,Af :i=1,2,3,...}is a collection of operators A}s € B(H) satis-
fying " A;Af <I.Amap¢: B(H) — B(H) oftheform ¢ 4(B) = > A;BA;}
is called a quantum operation (Arias et al, 2002), quantum operations can
be used in quantum measurements of states. If the A;’s are self adjoint
then, ¢ 4 is self-adjoint.

General quantum measurements that have more than two values are
narrated by effect-valued measures (Arias et al, 2002). Denote the set of
quantum effects by e(H) = {A € B(H) : 0 < A < I'}. Consider the discrete
effect-valued measures narrated by a sequence of E; € ¢(H),i = 1,2,...
satisfying F; = I where the sum converges in the strong operator topology.
Therefore, the probability that outcome i eventuates in the state p is ,(E;)
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and the post-measurement state given that i eventuates is M (Arias

et al, 2002). Furthermore, the resulting state after the |mplementat|on of
measurement without making any consideration is given by

= BB} (21)

If the measurement does not disturb the state p, then we have ¢(p) = p.
Furthermore, the probability that an effect A eventuates in the state r given
that the measurement was conducted is

Py (A) = tr [A S E: pEﬂ —tr ( S EZpE? p) (22)

If A is not interrupted by the measurement in any state we have

ZEsz% _
and by defining ¢(A) = ZEprf, we end up with ¢(A) = A.
From now, we will be dealing with a bi-level (|0}, |1)) single qubit quan-
tum system where a quantum state |¥) can be narrated as
|T) = a|0) +b|1), with a,b € C and |a]* + [b]* = 1

see (Batsari & Kumam, 2020; Nielsen & Chuang, 2000). Considering the
characterization of a bi-level quantum system by the Bloch sphere (Figure
1) above, a quantum state (|)) can be represented with the density matrix
below (p),

0y = 1 14+ mncosh 71 cos ¢ sinf — insin ¢ sin 6
— P73 71 cos ¢ sin 6 + insin ¢ sin 6 1—mncosd ’
€0,1],0<0 <7, and 0 < ¢ < 2. (23)

Also, the density (p) matrix is,

1 |: 1"’7‘2 Tx_i'l"y:| (24)

1
— l+70E] ==
2[ +70-] 2 |re +iry, 1-—r1s,

where 7, = [r,,ry, ] is the Bloch vector with |7,|| < 1, and & = [0, 0y, 0]

where
01 0 —i (1 0
7=\1 0 i 0)7% 0 -1,

537

Tiwari, R. et al, Fixed point theorem in a partial b-metric space applied to quantum operations, pp.525-545



Eﬁ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2022, Vol. 3, Issue 70

11)

Figure 1 — Bloch sphere
Puc. 1 - Cepepa brioxa
Cnuka 1 — bnoxosa cehbepa

Let p, o be two quantum states in a bi-level quantum system. Then, the
Bures fidelity (Bures, 1969) between the quantum states p and ¢ is defined

as
F(p,0) = [tr\/ p2ap2]?.

The Bures fidelity satisfies 0 < F(p,0) < 1, if p = o it takes the value 1
and 0 if p and ¢ have an orthogonal support (Nielsen & Chuang, 2000).

Now consider a two-level quantum system X represented with the col-
lection of density matrices {p : pis as defined in Equation (24)}. Define
the function ps : X x X — R as follows:

max{|[7,]|, [75][}es AN p £,

s 76:
ps(p;0) {0, bs.

It is easy to show that p, is a b-metric on X with s taking the value 1 ap-
proximately. They also define an order relation < on X by

p = ¢ iff the line from the origin joining the point 7; passes through 7,.
(25)
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It is easy to show that the order relation defined above is a partial order
(Batsari & Kumam, 2020).
As in (Batsari & Kumam, 2020), we find the following corollary.

COROLLARY 4. Let (ps, X) be a complete partial b-metric space associated
with the above order <. Suppose an order-preserving quantum operation
T : X — X that satisfies conditions in Theorems 1. Then, T has a fixed
point.

The following example validates our main result.

ExampLE 0.1. Consider the depolarizing quantum operation T on the Bloch
sphere X; T'(p) = %p + (1 — p)p with the depolarizing parameter p € [0, 1].
Let the comparable quantum states satisfy (25).

We examine that T': X — X satisfies all the conditions of our theorem.
Now, let p,§ € X. We show that T" is order preserving with definition (25).
For this, we will prove that if p < 6 then T'(p) < T'(9).

Therefore, as (Batsari & Kumam, 2020) using the Bloch sphere repre-
sentation of states in a bi-level quantum system below

1 14 pcosf pcos gsinf — iy sin ¢ sin 6§
=3 1 cos ¢ sin @ + iy sin ¢ sin 0 1— pcosf ’
pwe0,1], 0<f<m, and 0 < ¢ < 2,
So,
1/p O
T(p) = =
w=3(b )+
1—p 14 pcosf [ cos ¢sin @ — ipsin ¢ sin 6
2 ftcos @sin @ + i sin ¢ sin 0 1— pcosf
_1/(p 0O 1 14 pcost 14 cos ¢ sin @ — iy sin ¢ sin 0
- 2\0 p 2 \pcos¢sinf + iy sin ¢ sin 6 1— pcost
1 p+ pucosf Pt cos ¢ sin @ — ipp sin ¢ sin 6
2 \ p cos ¢ sin O + ipy sin ¢ sin 0 » — pit cos 6
. 1 1+(1—p)p cos O (1—p)[p cos ¢ sin —ip sin ¢ sin 0]
9\ (1—p)[pcos ¢sin f+ipsin ¢ sin 0] 1—(1—p)pcosb.
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Clearly, the angles 8 and ¢ do not change by the depolarizing quantum
operation T'. Also, we can deduce that the distance of the quantum state
p from the origin given by p is greater than or equal to the distance of the
new quantum state 7'(p) from the origin given by (1—p)u, p € [0, 1]. Conse-
quently, for any two quantum states which are comparable p,§ € X (p < J),
with respective distances from the origin 1, and p; such that, 1, < pus,
the depolarizing quantum operation T' constructs two quantum states
T(p), T(5) € X, have distances (1 — p)u, and (1 — p)us from the origin
for p € [0, 1] respectively. Since p, < us, then (1 —p)u, < (1 — p)us,
for all p € [0,1]. Thus, T'(p) < T'(9), which proves T is order-preserving.

The fidelity of any two quantum states p = (1> + 7, - ) and § = (> +
7 3) s,

1 . - -
F(p,6) = 511+ 7575+ 1= 50121 = 152 (26)

see (Batsari & Kumam, 2020; Chen et al, 2002), where 7,75 is the inner dot
product between the vectors r, and 5. So, for any comparable quantum
states p = 3(I, + 7, - &) and 6§ = (I + 75 - &), 75 - 75 = |7, ||||75 | cos ¥ for ¥
being the angle between 7, and r;5. Using Equation (26), we have,

(i). F(p.p) = 1.

(i) F(p,0) = %; for p a pure state and o the completely mixed state.

(iii) F'(p, p—) = 0; for p a pure state that is 180° separated from p,

see (Davies, 1976; Gohde, 1965). Thus, 1.000 < es1=F(»9) < 1.181 for
p,0 € X. Now, using s =1 and 0 € [0, 1] on Theorems 1. We have

ps(T(p), T(8)) = max{ [ 7| |75 ye =TT
- %||5”e§<1fF<T(p>,T(6)>>

< 2(||3llesA=FT@D) 4| pjles 1-FT@)o)

| =

1

5 G0s(T(0),8) + ps(T(p). p))

= £ (5 max{p(0. ), 240, T(9)), p+(T(0),5)}

min 2 TO) BT el T 46T,
Taking o = % and 8 = 1, condition (1) in Theorem 1 is satisfied. So T
has a unique fixed point in X.
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Abstract:

Introduction/purpose: The aim of this paper is to present the concept of the
generalized @ —weak contractive condition involving various combinations
of d(x,y) in modular metric spaces.

Methods: Conventional theoretical methods of functional analysis.

Results: This study presents the result of (Murthy & Vara Prasad, 2013) for
a single-valued mapping satisfying a generalized @ —weak contractive
condition involving various combinations of d(x,y). It is generalized in the
setting of modular metric spaces, and then it is proved that this single-
valued map satisfies the property P. In the end, an example is given in
support of the result.

Conclusion: With proper generalisations, it is possible to formulate well-
known results of classical metric spaces to the case of modular metric
spaces.
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Introduction

One of trends in mathematical research is to refine the frameworks of
the known theorems and their results. For instance, Polish mathematician
Banach observed the first metric fixed point results in the setting of
complete normed spaces. An immediate extension of this theorem was
given by Caccioppoli who observed the characterization of the Banach
fixed point theorem in the context of complete metric spaces. Afterwards,
for various abstract spaces, several analogs of the Banach contraction
principle have been reported. Among them, we can underline some of
interesting abstract structures such as modular metric space, partial metric
space, b-metric space, fuzzy metric space, probabilistic metric space, G-
metric space, etc.

This paper will be restricted to the recently introduced generalization
of a metric space, namely, a modular metric space. Chistyakov introduced
the notion of modular metric spaces (Chistyakov, 2010a, 2010b) inspired
partly by the classical linear modulars on function spaces. Informally
speaking, whereas a metric on a set represents the nonnegative finite
distances between any two points of the set, a modular on a set attributes
a nonnegative (possibly, infinite valued) “field of (generalized) velocities”:
to each “time” 2>0 the absolute value of an average velocity w;(x,y) is
associated in such a way that in order to cover the “distance” between the
points x, y€ 1, it takes time A to move from x to ¢ with the velocity w; (x,4).
But the way we approached the concept of modular metric spaces is
different. Indeed, we look at these spaces as a nonlinear version of the
classical modular spaces introduced by H. Nakano (Nakano, 1950) on
vector spaces and modular function spaces introduced by (Musielak,
1983) and (Orlicz, 1988a, 1988b). More about modular metric spaces can
be read in (Hussain et al, 2011), (Paknazar & De la Sen, 2017) and
(Paknazar & De la Sen, 2020).

In the formulation given by (Khamsi, 1996) and (Kozlowski, 1988), a
modular on a vector space y is a function m: i - [0, +) satisfying:
(1) m(x) = oOifandonly if x = 0,

(2) m(ax) = m(x) for every a € R with |a| = 1,
(3) m(ax + by) <m(x) + m(y)ifa,b> 0anda + b = 1.

A modular m is said to be convex if, instead of (3), it satisfies the

stronger property:
(3*) m(ax + by) <am(x) + bm(y)ifa,b> 0anda + b = 1.
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Given a modular m on 1, the modular space is defined by
Ym={x€y: m(ax) - 0asa— 0}

It is possible to define a corresponding F-norm (or a norm when m is
convex) on the modular space. The Orlicz spaces L? are examples of this
construction (Rao & Ren, 2002). The modular metric approach is more
natural and has not been used extensively. For more on the metric fixed
point theory, the reader may consult the book (Khamsi & Kirk, 2001) and
for modular function spaces (Chistyakov, 2010a, 2010b) and (Chistyakov,
2008). Some recent work in modular metric spaces has been presented
in (Mongkolkeha et al, 2011) and (Padcharoen et al, 2016). It has been
almost a century since several mathematicians improved, extended and
enriched the classical Banach contraction principle (Banach, 1922) in
different directions along with variety of applications. In the sequel, we
recall some basic concepts about modular metric spaces.

Throughout this paper, N will denote the set of natural numbers.
Let iy be a nonempty set. Throughout this paper, for a function
w: (0,+2) X X - [0, +=), we write
wr(x,4)=wd,x,y)forall A > 0and x,¢4 €Y.

DEFINITION 1. (Chistyakov, 2006) Let i) be a nonempty set. A function
w: (0,+°) XY X = [0,+) is said to be a metric modular on  if it
satisfies, for all x, ¢, z € v, the following conditions:

1) wr(x,») =0forallA> Oifandonly if x = 4,

2) wp(x,4) = w) (g, x) forallA>0,

3) w4y (£, 4) S wplx,2) +w, (z,4)forall 4, u > 0.

If instead of (1) we have only the condition (1'):

w\(x,x2) = Oforallx €y, A > 0, then w is said to be a pseudo modular
(metric) on .

An important property of the (metric) pseudo modular on the set ¢ is that
the mapping 4 — w)( «,%) is non increasing for all x,y € .

DEFINITION 2. (Chistyakov, 2006) Let w be a pseudo modular on .
Fixed x,€y. The set

Yo=Y, (x0) ={x €Y : wp(x, xy) > 0as 1 - +}is said to be a modular
metric space (around x).

DEFINITION 3. (Padcharoen et al, 2016)Let i, be a modular metric
space.
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1) The sequence {x,} iny, is said to be w-convergent to x€y,, if and
only if there exists a number A > 0, possibly depending on {x,} and x,
such that li}rn w)(xy, )= 0.

N+

2) The sequence {x,} in 1, is said to be w-Cauchy if there exists 1 > 0,
possibly depending on the sequence, such that wy(xp,, x,) — 0 as

m,n - +«.

3) A subset Cof i, is said to be w -complete if any w-Cauchy sequence
in C is a convergent sequence and its limit is in C.

DEFINITION 4.(Mongkolkeha et al, 2011) Let w be a metric modular on
Y and ¥, be a modular metric space induced by w. If ¥, is a w-
complete modular metric space and 7: y,, — ¥, be an arbitrary mapping,
T is called a contraction if for each x , g€y, and for all A > 0 there exists
0 <o <1 suchthat

\Tx,Ty) < ow\(x, 1)

Mongkolkeha et al, (2011) proved that if y,is a w - complete modular
metric space, then contraction mapping 7 has a unique fixed point.

Main result

In this section, there is a generalization of the result proved by
(Murthy & Vara Prasad, 2013):
Let T be a self-map of a complete metric space y satisfying:

(Cy):
[1+ pd(x,4)]d*(Tx,Ty)
[d?(x, Tx)d(y, Ty) + d(x, Tx)d?*(y, Ty)],

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

d(x,Ty)d(y, Tx)d(y, Ty)
+ m(x,y) — dm(x, ).

N =

< pmax

Where,
(C):

d?(x,4), d(x, Tx)d(y, Ty), d(x, Ty)d(y, Tx),
m(x,y) = max{ ~[d(x, Tx)d(x, Ty) + d(y, Tx)d(y, Ty)] } ’

p = 0 is a real number and @: [0,+«) — [0,+«) is a continuous function
with @ (£) =0 <t =0and @(¢t) > 0foreacht > 0.
Then T has a unique fixed point in .
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Now we will generalize the above result in the setting of modular metric
spaces as follows:

Theorem 1. Let (¥, w) be a complete modular metric space. Let T be a
self-map of a complete modular metric space v, satisfying:

(C3):

[1+ pw, (9;» y)lw*(Tx,Ty)
= [wi?(x, Tx)w, (9, Ty) + w1 (2, T)w,*(y, Ty)],

2
= pmax w01 (2, T2, (x, Ty (g, T0),
wy (%, Ty)w, (4, Tx)w, (4, Ty)
+ m(x) /y') - Q)m(x' %),
where,
(Cy):
wlz(x; /y'); wl(x; Tx)ah(%; T’y’)f(")Z(x! T’y))ah(%; Tx):
m(x,4) = max 1

2 [wi(x, Tx)wy (2, Ty) + w1 (g4, Tx)w1 (4, Ty)]

p = 0 is areal number and @: [0, +«) — [0, +«) is a continuous function
with @ (£) =0 <t =0and @(t) > 0foreacht > 0.
Then T has a unique common fixed pointin y,,.

Proof. Let x, € Y, be an arbitrary point. Then we can find x; such that
%1 = T(xy). For this x;, we can find x, € ¥, such that x, = T(x;).

In general, one can choose {x,,,} in i, such that

Zye1 =T (2y), 1 =012 ... (1)
We may assume that x,, # x,,, for each 7.

Since if there exists n such that x,, = x, ., then x, =x,,, = T(xn),

We write a, = d(xp, £p41)-

Firstly, we prove that a,, is a non - increasing sequence and converges to
0.

Case I. If n is even, taking x = x,, and ¢ = x,,,4 in (C3), we get

[1 4+ pw1 (2, Xaysr) | 012 (Tx2y, T 41)
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( 1 [ w1 (%2, T2y )01 (2041, T 20 41)
< Pmaxi 2 |+ w1 (2n, T2y )01 (241, TX2n4) | J
<U1(x2n;szn)wz(xzn'Tx2n+1)w1(x2n+1’7xzn),
wz(xz,,,sz,,ﬂ)wl(xz,,ﬂ,sz,,)wl(xz”H,Tx2,7+1)

+ m(x2n1x2n+1) - (Dm(sz,xZUH), (2)
where,

m(%an, Xan41) =
{wlz(xZn'xZYHI)'wl(xZnJTxZn)wl(x2n+1'Tx2n+l)'

max wz(xz,,,sz,,H)wl(xZnH,sz,,), . 3)
l[ a)l(xZU,szU)wz (sz,sz,Hl)
2 +w1(x2n+1JTxZn)wl(x2n+1'Tx2n+1)
Using (1) we get
[1 + pwl(xm,x2,7+1)]w12(x2,1+1,x2n+2)
1 wlz(xZn,x2,7+1)w1(x2n+1,x2n+2)
2|+ wy (xZn,x2,7+1)w12(x2n+1,x2n+2) ’
< pmax
wl(xZn'x2n+1)w2 (xz,,,x2n+2)w1(x2n+1,x2n+1),
wz(xZ,,,x2,7+2)w1(x2,7+1,x2,7+1)w1(x2,7+1,x2,7+2))
+ m(xZWJx2n+1) - (Z)m(xz,?,xz,,ﬂ) , (4)

where,
wlz (xzn' x2n+1), wq (xzn' x2n+1)w1 (x2n+1, x2n+2):
CF) (xzn; x2n+2)w1 (x2n+1, x2n+1),
1 [ w1 (xzn' x2n+1)w2 (xzn’ x2,7+2)

2 +wq (x2n+1' x2n+1)w1 (x2n+1' x2n+2)

m(sz, x2n+1) = max

(5)

Now consider  ay, = w;(x2y, X24+1); then we have
1
[1+payy|ad,i < pmax {5 [a2,azps1 + a2nadyiq), 0,0} +
m(xz,?, x277+1) - (Z)m(xm, x277+1) ) (6)

1
where, m(xz,,,xzml) = max {a%n, AonQAont1s 0'5 [a2nw2 (xZn,x2,7+2) + 0]}
By triangular inequality and using the property of @, we get

wz(xzn:xzmz) < w1(x2n;x2n+1) + wl(x2n+1,x2n+2)
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= aZn + a2n+1, (7)
and

m(%2n, 2ne1) =
1
m(x,4) < max {a%n, Aon@2n+1, 0,5 [azn (a’zn + azn+1) + 0]} (8)
If @y < @zq41 , then (C3) reduces to
PAspi1 < Py — Bady,,q, @ contradiction.

Therefore, az,.1 < a3, = Q41 < Ay

Case Il. In a similar way, if n is odd, then we can obtain a;,,, < azp41.
It follows that the sequence {a,} is decreasing.
Let lim a, =, for some r = 0.

Suprrla_c));e r > 0; then from the inequality (C5) and (C,), we have
[1 4 pwy (2, 2y41) 012 (T2, Ty41)
1[ wi? (2, Tay)w1 (211, T Xy 41)
< pmaxi 2 4w (29, Tty )1 (%41, Tty a) | f
w1 (209, T2y ) o (29, T2y 41 )01 (%1, T ),

@3 (%0, Tty 1) 01 (%40, Ty )01 (41, Ty41)
+m (2, 2y41) — Om(2y, 2p41), )
where, m(y, Zp41) =

12 (g, 2n11), W1 (%0, T2 )01 (Fp41, T2 1),

w3 (207, Tty 11 )01 (2741, Ty,
1[ w1 (%09, Tty Jwz (200, Ty41)
2 +w1(x,7+1,Tx,,)a)l(xnﬂ,ﬂ"xnﬂ)
Now by using (1) we get,
[1+ pos (2, 2pe1) |1 ® (g1, 2y42)

1[ wlz(xn,xn+1)w1(xn+1,xn+2)
2 [+ oy (20, 2741) 01 (%41, Fpa2) ]

w1 (29, 2y 41) 02 (%, a2 )01 (a0, 241)

wz(xn,xn+2)w1(xn+1,xn+1)w1(xn+1,xn+2)
+ m(xy, xy41) — Om (2, 2y1), (11)

(10)

< pmax
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(wlz(x,,,x,,ﬂ), wl(xn'xnﬂ)wl(xnﬂ'xn+2)w]
@ (%, X +2) 01 (Fn 41, Ty a1)s
1[ w1 (209, 2y 41) 02 (%, X 42)

5 +w1(xn+1' xn+1)w1(xn+1' xn+2)

where, m(xn,xnﬂ) = max

Using the triangular inequality and the property of @, and taking the limit
n — +, we get
[1+pr]r2 <prd+71r?2-0@G?). (12)
Then @(r?) < 0, since r is positive, then by the property of @, we get r =
0, and we conclude that
nl—ig—lw a, = nl_iffw wl(xn,xnﬂ) =r=0. (13)
Now we show that {x, } is a Cauchy sequence. For the given € > 0, we
can find two sequences of positive integers {m(o)} and {n(o)} such that

wg(xm(a),x,,(a)) = €, w%(xm(a),xn(a)_l) <e€e (14)
and n(o) > m(o) > 0.
Now € < wg(%m(e) Zn(o))

< @3 (Zm(e) Xn(o)) + ©01(Fm(e), Zn())

< 01(Fm(0) #n(o)-1) +01(%n()-1,%0())

< wi(xm(a)'xn(a)—1)+w%(xn(0)—1'xﬂ(d))
Set w%(xn(a)—l'xn(a))

Letting o — +=, we get. lim w, (o), %y()) = im w1 (o) Z(o) = €
Again using the triangular inequality, we have
€ < wg(%m(e) Fn(0)) < Wa(Xm(o) ¥n(0))

= wZ(xn(a)'xn(a)ﬂ) T w3 (xm(a)'xn(a)ﬂ) ' (15)
We get
€ ~03(%y(0) Tn(o)+1) < W2(Xm(o) Xyor+1) < 01(Fm(o) Fp(o)41)
< @1(¥m(0) Zn(or+1)
< @1(Fm(0), #n(e) + @1(%n(0) Zn(or+1):
Taking the limits as ¢ —» +*= , we have
Mm@, (Zm(a), Zn(o)+1) = MM @3 (Xm(e), Zn(o)+1) = € (16)
Now from the triangular inequality, we have

€= “)Z(xm(a)’xn(a)) = wl(xm(a)’xm(a)ﬁ) + a’l(xm(cr)ﬂ'xn(a))
We get
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€ -01(%m(o) ¥m(o)+1) < wl(xm(cr)ﬂ'xn(a))
< w1(%y(0) Fm(o)-1) + W1 (Xm(o)+1, (o) -1)
2 2
< w1(%y(0) Fm(o)-1) + W1 (Fm(o)-1,%m(e)) + W1(Fm(o) Fm(e)+1):
2 4 4
Letting o — +« , we have Ul_l)r}rlwwl(xm(a)ﬂ,xn(a)) =€ (17)
Again, from the triangular inequality, we have

Wg(Xm(a) Xy(0)) < @a(Fn(o) #n(o)+1) + Wa(2y(0) 11 Fm(s))
We get

Wg(Zm(a) Xy(0)) S Wa(Fno) #y(o)+1)* W2(Xm(o)+1 Fm(o)) +
wz(xm(a)+1rxn(a)+1)
wg(xm(a),xn(a))-w4(x,,(c,),xn(a)ﬂ)-wz(xm((,)ﬂ,xm((,)) =
wz(xm(a)+1rxn(a)+1)
< 01 (Fm(e)+1 Xm(0)) + ©1(Fn(e)+1 ¥m(0)) -
Letting o — +=, we have lim w;(%m(o)+1,Xn(o)+1) = € (18)
Since w» (xm(a)+1:xn(a)+1) < w1 (xm(a)+1'xn(cr)+1)
< w;(xm(a)n'xm(a)) + w;(xm(a)’xn(am) < w%(xm((,),x,,((,)ﬂ)
= w%(xm(a),xm(a)—l) + w%(xm(a)—l'xn(a)u)
< w%(xm(a)—l'xnm) + w%(xn(a)ﬂ’xn(a))-
Letting o — +, we have lim o;(%m)+1 Zn(0)+1) = € (19)
On putting x = x5y @nd ¢ = x4 in (C3), we get
[1 + pw1(Xmo) %n(0))]01* (TEm(o) T2y (o))

1[ @12 (%m(0), T2m(0)) 01 (%9 (o), T 20 ()

2 |+ w1 (Xmoy T#m(e)) 012 (#n0) T#no))]
wl(xm(a)'Txm(a))“’Z(xm(a)'Txn(a))‘”l(xn(a)'Txm(a))'
@2 (Zm(a) T#n(0)) 01 (X (o) T ¥m(e)) 01 (%n(0), T2y (o))

+ M(Xm(0), #n(o)) = OM(Xm(oy %y (o)) (20)
where,

< pmax
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M(Zm(0), %n(o))
( @1% (Zm(o) % (o)),
01 (%m(o) T¥m(0)) 01 (Fn(o) T (o)),
= max{  @2(*m(e) T¥n(0))01(%y(0) T¥m(a)):
1[ @1 (%m(0), TZm(0)) @2 (%m0, T xn(a))]
2 [+w1(%n(0), T¥m(e) )01 (%01, T 290y ) 1)

~~

Using (1), we obtain
[1+ P01 (%m(o) n(o)) |01 (Fm(o)+1, Xn(o)+1)
l[ ©12(%m(o), Zm(or+1) @1 (Fn(o), Fn(or+1) )
2 |+ 01 (%m(o) Fm(o)+1) 1% (Fn(0) #n(or+1)]’
01 (%Xm(o), Zm(0)+1) 02(¥m(o) %n(0)+1) 01 (Fn (o) Zm(or+1),
©2(%m(0) Zn(0)+1) 01 (Fn(0) Fm(o)+1) 01 (%5 (0) Fn(o)+1)

+M(Zm () Xy (0)) = OM( Xm0y, %n(o)) (21)
where,

(%m0 %5 (o))

< pmax

( ©1%(Zm(0) Fn(o))»
©1(Fm(e) Fm(or+1) 01 (%01, Xy oy 1),
= max{  ©2(%m(o) Xn(e)+1) W1 (¥n(0) Fm(o)+1)s
1 [wl(xm(a)'xm(0)+1)“’2(xm(a)' xn(0)+1)
(2 [+01(%(0), Zm(or+1) @1 (Fn(oy, Fnior1) 1
Letting o — 4+« and using (13) - (19), we get
[1+ pele? < pmax {% [0 + 0], 0,0} + €2 — 0(e?)

=e? — @(e?),
a contradiction.
Thus, {xn} is a Cauchy sequence in y,,, since (¥, w) is a complete
modular metric space.
Therefore, {x,} converges to a point z and x,,, = T (x,) also
converges to the same point z, rlllireloxn = z. (22)

~~

Now, we will prove that z is a fixed point of T.
For this, let x = x, and ¢ = z in (C3), we get

[1 + pwl(xn, z)]wlz(Txn,Tz)
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%[wlz(xn,ﬂ"xn)wl(z, Tz) + a)l(xn,Txn)a)lz(z, Tz)],

< pmax wl(xn,Txn)wz(xn,Tz)wl(z, Txn), +
wz(xn,Tz)wl(z, Txn)wl(z, Tz)
+ m(x,,,z) — Q)m(x,,,z) (23)
where,
m(xn,z)
a)lz(xn,z), a)l(xn,Txn)a)l(z, Tz), a)z(xn,Tz)wl(z, Txn),
= max

1
3 [ (20, T2y )2 (2, T2) + w1(2, T2 ) w1 (2, T2)|

Using (22) and (1), we have
[1+pwi(z 2)]w,*(2,Tz)

%[wlz(z, 2)w,(2,Tz) + w,(z, 2)w,?*(2,T2)],
= pmax 01(2,2)0,(2, T)w,(2,2),
w4 (2, T2)w1(2,z)w,(2,Tz)
+ m(xn, Z) - (Z)m(xn, Z) (24)

where,

wlz (ZI Z)I wl(zl Z)wl (ZI TZ)I Wy (ZI TZ)C()l(Z, Z);
m(xn,z) - max{ %[a)l(z, 2)w2(2,T2) + w1 (2,2)w,(2,T2)] }
Hence, w,%(z,7z) <0 = Tz = z.
So, T has a fixed point in y,,.

Uniqueness:

To show that T can have only one common fixed point.
Suppose x #+ ¢ be two fixed points of T.
Therefore, x = Tx and ¢y = Ty from (C3) ,we have
[1 + pwl(xJ y)]wlz(x' /y’) = pmax{O!O!O} + m(x' /y‘) - ®m(x' /y‘)
< (1-0)w (% 9)
= w iy [1+w(xy)—1+0]<0
= (1)12(.’)6, ’é’v) =0

= x =Y.

This completes the proof.

Corollary 1. Let 7 be a mapping of a complete modular metric space
(¥, w) into itself satisfying the condition

wlz(Txl T’y’) < m(x, /y*) - Q)m(xr /au“)
where,
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w12 (%, ), 01 (%, TX)w, (3, Ty),
m(x,4) = max wa (%, Ty)w, (y, Tx),
w1 (e, T, (5, T9) + w1 (g, TR w1 (3, T9)]
For all x,¢4 € ¥ and @: [0, +«=) — [0, +«) is a continuous function with

P(t) =0+ =0and @(¢) > 0 foreach £ > 0. Then T has a unique
fixed pointin i,,.

Proof. Put p = 0 in Theorem 1 and we have the required result.

Example 1. Let Y = R. We define the mapping w: (0,1) x R x R —[0,1]
by w)(x, ») = % for all x, 4 € Rand A> 0. Then it is obvious that R, is

a complete modular metric space. Define T: R, = R, by Tx = f and

@:[0,+) = [0,+=) by §(¢) = g for any values of p > 0 and x, ¢ € V.
Then it is easy to verify the inequalities (C3) and (C,) hold.

Hence from Theorem 1, the mapping 7 has a unique fixed point O.
Moreover, itis 0 € R,,.

Property P

In this section, we will show that the maps satisfying (C3) and (C,)
possess the property P.

Let us denote the set of all fixed points of a self —-mapping 7" from X into
itself by F(7), that is, F(T)={zeX: Tz=1z}. Itis clearly that if z is a fixed
point of T, then it is also a fixed point of T™ for each neN, that is,
F(@)ckHT™) if F(T) # ¢. However, converse is false.

Indeed the mapping 7: R —R defined by Tx = % «x has a unique fixed

point, that is, F (T) = {%} , but every xeR is a fixed point for 772,

If F(T)=F@@™), for each neN, then we say that 7™ has no periodic
points.

(Jeong & Rhoades, 2005) examined a number of situations in which the
fixed point sets for maps and their iterates are the same. They state that

amap T has the property P if F(T") = F(T"™) for each neN.
Theorem 2.

Under the condition of Theorem 1, T has the property P.
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Proof. From Theorem 1, 7" has a fixed point. Therefore, F(T™) # ¢ for
eachn € N. Fixn > 1 and assume that p € F(T").
We wish to show that p € F(T).
Suppose that p # T'p.
Using the inequality (C5), we have
[1+pw (T 0, T"D)]w > (TT"p, TTp)
1 [wlz(T”‘lp. TT™ 'p)w, (T"p, TT"p) +]
21 0T 'p, TT 1), 2 (T, TTp) I’

S PN @, T )y (T, TT ™)y (T, TT™1p),
W (T I, TT"p) w1 (T, TT™ 'p)w, (T"p, TT"p)
+ m@T" p, T"p) — O@m(T" 1p, T"p)
where,

m(T™ 1p, T™p)
(2T, Tp), w1 (T p, TT " p) w1 (T"p, TT"p),)
W (T I, TT"p)wy (T"p, TT™ ),
l[wl(T "I, TT D) wo (T, TTp)
21 4w, (T, 7T 1p)w, (T"p, TT™p)
[1+ pw, (T 1p, T"p)]w,2(T™p, T 1p)

I CN AR GA T A N
21 0, (T, T"p)w, (T, T p) I
w1 (T, T"D)w, (T 1, T p)w, (T"p, T™p),
W, (T, T p)wy (T"p, T™p)w, (T™p, T 1p)

+m(T" p, T"p) — Om(T " 1p,T"p)

= max

< pmax

where,
m(T " 1p, T™p)
W 2@, T™), w (T p, T w1 (T™p, T 1p),

= max (T p, T p)w, (T"p, T"p),

S0 TP, TP (T p, T p) + @1 (TP, T"p)wy (T, T p)]
[1+ pwl(fq "p,p)]w*(, Tp)
(5102 @™, p)wr (. TP) + 0, (T p, P22, TR
= ”m‘”‘i 01 (TP, D) (T 1p, Tp) s (. ), f
w2 (T, Tp)w, (p, P)w1(p, Tp)

+m(T" p,p) — dm(T™ p,p)
where,
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mT" p,p) =
{wlz(T "1p,0), 01 (T p, p)wi(p, TP), w, (T p, Tp)w, (p, p),}
max

1 — —
S0 (TP, )2 (T, Tp) + w1 (p, P)w1 (p, TP)]

w1 (p, Tp).

If (T p,p) < w,(p,Tp) then

w120, Tp) < w1 *(p,Tp) - Bw,*(p, Tp).

This implies that p = Tp, a contradiction.
Therefore, p € F(T) and Thas the property P.

References

Banach, S. 1922. Sur les opérations dans les ensembles abstraits et leur
applications aux équations intégrales. Fundamenta Mathematicae, 3, pp.133-181
(in French). Available at: https://doi.org/10.4064/fm-3-1-133-181.

Chistyakov, V.V. 2010a. Modular metric spaces, I: Basic concepts. Nonlinear
Analysis: Theory, Methods and pplications, 72(1), pp.1-14. Available at:
https://doi.org/10.1016/j.na.2009.04.057.

Chistyakov, V.V. 2010b. Modular metric spaces, II: Application to
superposition operators. Nonlinear Analysis: Theory, Methods and Applications,
72(1), pp.15-30. Available at: https://doi.org/10.1016/j.na.2009.04.018.

Chistyakov, V.V. 2006. Metric modulars and their application. Doklady
Mathematics, 73(1), pp.32-35. Available at:
https://doi.org/10.1134/S106456240601008X.

Chistyakov, V.V. 2008. Modular Metric Spaces Generated by F-Modular.
Folia Mathematica, 15(1), pp.3-24 [online]. Available at:
http://fm.math.uni.lodz.pl/artykuly/15/01chistyakov.pdf [Accessed: 10 March
2022].

Hussain, N., Khamsi, M. & Latif, A. 2011. Banach operator pairs and
common fixed points in modular function spaces. Fixed Point Theory and
Applications, art.number:75. Available at: https://doi.org/10.1186/1687-1812-
2011-75.

Jeong, G.S. & Rhoades, B.E. 2005. Maps for which F(T) = F@™).
Demonstratio Mathematica, 40(3), pp.671-680. Available at:
https://doi.org/10.1515/dema-2007-0317.

Khamsi, M.A. 1996. A convexity property in Modular function spaces.
Mathematica  Japonica, 44(2), pp.269-279 [online]. Available at:
http://69.13.193.156/publication/acpimfs.pdf [Accessed: 10 March 2022].

Khamsi, M.A. & Kirk, W.A. 2001. An Introduction to Metric Spaces and Fixed
Point Theory. New York, NY, USA: John Wiley & Sons. Available at: ISBN: 978-
0-471-41825-2.

Kozlowski, W.M. 1988. Modular Function Spaces, Monographs and
Textbooks in Pure and Applied Mathematics. New York, NY, USA: Marce Dekker.

559

Paunovi¢, Lj. et al, Property P in modular metric spaces, pp.546-562


https://doi.org/10.4064/fm-3-1-133-181

Q VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2022, Vol. 70, Issue3

Mongkolkeha, C., Sintunavarat, W. & Kumam, P. 2011. Fixed point theorems
for contraction mappings in modular metric spaces. Fixed Point Theory and
Applications, art.number:93. Available at: https://doi.org/10.1186/1687-1812-
2011-93.

Murthy, P.P. & Vara Prasad, K.N.V.V. 2013. Weak Contraction Condition
Involving Cubic Terms of d(x, ¢) under the Fixed Point Consideration. Journal of
Mathematics, art.ID:967045. Available at: https://doi.org/10.1155/2013/967045.

Musielak, J. 1983. Orlicz Spaces and Modular Spaces. Berlin Heidelberg:
Springer-Verlag. Available at: https://doi.org/10.1007/BFb0072210.

Nakano, H. 1950. Modulared semi-ordered linear spaces. Tokyo, Japan:
Maruzen Co.

Orlicz, W. 1988a. Collected Papers. Part I. Warsaw Poland: PWN Polish
Scientific Publishers.

Orlicz, W. 1988b. Collected Papers. Part Il. Warsaw Poland: Polish
Academy of Sciences.

Padcharoen, A., Gopal, D., Chaipunya, P. & Kumam, P. 2016. Fixed point
and periodic point results for a-type F-contractions in modular metric spaces.
Fixed Point Theory and Applications, art.number:39. Available at:
https://doi.org/10.1186/s13663-016-0525-4.

Paknazar, M. & De la Sen, M. 2017. Best Proximity Point Results in Non-
Archimedean Modular Metric Space. Mathematics, 5(2), art.number:23. Available
at: https://doi.org/10.3390/math5020023.

Paknazar, M. & De la Sen, M. 2020. Some new approaches to modular and
fuzzy metric and related best proximity results. Fuzzy Sets and Systems, 390,
pp.138-159. Available at: https://doi.org/10.1016/j.fss.2019.12.012.

Rao, M.M. & Ren, Z.D. 2002. Applications Of Orlicz Spaces (1st ed.). Boca
Raton, FL, USA: CRC Press. Available at:
https://doi.org/10.1201/9780203910863.

CBONCTBO P B MOLAYJbHbIX METPUYECKMX MPOCTPAHCTBAX

JlunsiHa MayHosBu4?, MapsuH Kymap®,
Casuma Manuk®, Manoi Kymap®

aMpuwTnHCcKMM yHuBepcuteT— KocoBcka MuTtposuua, Negarornveckuin
dakynbTeT, r. Jlenocasuy, Pecnybnuvka Cepbus, KoppecnoHAEeHT

6 Tay [lesu Nlan — MocyaapCTBEeHHbIN XeHckuii konnemx, MypTxan, Conunar,
XapbsiHa, Pecnybnuka NHans

® YHuBepcuteT baba MactHaTtx, ®m3nko-mMaTemMmaTnyeckuin hakynbTerT,
aenapTMeHT MatemaTtuku, Actxan Boxap, PoxTak,
XapbsiHa, Pecnybnuka NHamsa

PYBPUKA TPHTW: 27.01.00 O6Lume Bonpockbl MaTemMaTuky,
27.25.17 MeTpuyeckas Teopust PyHKLUNA,
27.39.27 HenvHenHbIN (pyHKUNOHAmNbHbIN aHanus,
27.43.17 MaTemaTtuyeckas ctaTtucTuka

BWO CTATbW: opurmHanbHasa Hay4yHas cTaTbs
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Pesome:

BeedeHue/uensb: Llens daHHoOU cmambu 3akodaemcsi 8 npedcmasneHuu
KoHuenyuu  obobujeHHo20  @cnaboeo  CUMaKoWwe20  YCriosus,
BK/IrOYaKoueeo  pasnuyHble  KomMbuHauyuu  d(X,y) 8  MOOYMSIPHbIX
MempuyecKuUx npocmpaHcmeax.

Memodbr: B OQaHHOU cmambe npuMeHsnucb OobwenpuHsamsie
meopemuyeckue MemoOdbl QyHKUUOHaIbHO20 aHanu3a.

Pesynsmambi: B 0aHHOM uccrnedosaHuu rnpedcmassieH pesynbmam
(Murthy & Vara Prasad, 2013) rno 00OHO3Ha4YHOMYy OMObpakeHU!ro,
coomeemcmeyowemy 0606wWeHHOMY d-cnabomy ycrosuro
COKpauwleHusi, ekmoyarowemy pasnudHbie kombuHayuu d(Xy). OHO
0bobwaemcs e 3adaHuu MOOyrSPHbIX MEMPUYECKUX NpocmpaHcms, a
3amem  Ookasbigeaemcs, Ymo npusedeHHoe 0OHO3Ha4yHoe
omobpaxeHue omeedaem cgolicmsy P. B 3aknwo4YeHuUuU rnpugsodumcsi
npumep, nodmeepxxOarowyuli pe3yibmameai.

Bbi1800bi: lpu coomeemcmeyuux obobueHusix MOXHO
chopmynuposame WUPOKO U3BECMHbIE pe3yribmambl KacCu4ecKux
MempuYecKUx rnpocmpaHcme Or1si criydasi MOOY/ISIPHbIX MEeMPUYECKUX
rpocmpaxHcme.

Kniouesble crioga: @ukcupoeaHHass mouka, @-cnaboe cxamue,
MOOynsipHble MempuUYecKuUe npocmpaxcmea, ceolicmeo P.

OCOBVHA P Y MOOYNAPHAM METPAYKM NMPOCTOPUMA
JburbaHa MayHosuh?, MapeuH Kymapb,
Casuma Manuk®, MaHoj Kymap®

2YHusepautet y MpuwtuHn — Kocoscka MutpoBuua, Yunterscku
dakynTeT, Jlenocasuh, Penybnuka Cpbuja, ayTop 3a npenucky

6 Tay Oesu Nan — OpxaBHu xeHcku konet, MypTtxan, CoHunar,
Xapwjana, Penybnivka Unguja

B YHuBep3auTeT baba MactHaTx, MNMpupoaHo-MaTemaTnykm dakynTeT,
JenapTmaH 3a maTematuky, Actxan boxap, PoxTak,
Xapwjana,Penybnvka NHaunja

OBJACT: maTematuka
BPCTA UJTIAHKA: opuruHanHu Hay4yHu pag
Caxemak:

Yeod/yur: Lurb 0802 pada jecme Oa npedcmasu  KoHUuenm
eeHeparnusosaHoz (@-criaboe KOHMpakmueHo2 ycrioga Koju YKIbydyje
pasnudume KkombuHayuje d(X,y) y ModynapHumM Mempu4KuM rpocmopuma.

Memode: KoHeeHyuoOHanHe meopujcke Memode hyHKUUOHarHe aHanuse.
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Pesynmamu: lNpedcmasrbeH je pesynmam (Murthy & Vara Prasad, 2013)
3a CuUHeyrnapHO npecrukasar-e Koje 3adososbasa yornuwmeHu @-cnabu
KOHMpaKkmueHU yCcrio8 Koju yKrbydyje pasnudume kombuHayuje d(x,y). OH
Je yonwmeH y nocmaessbary MOOynapHUX Mempuykux npocmopa. Takohe,
Ooka3aHo je Oa 080 CUH2YNapHO rpecriukagaq-e 3a0o8osbasa ceojcmeo P.
Ha kpajy je HasedeH npumep Koju nodpxasa pesyrmam.

Sakrbyyak: Y3 o0zoeapajyhe eeHepanusauyuje moayhe je ¢hopmynucamu
006po nosHame pesysimame Knacu4yHUX MempuYKUX rpocmopa Koju ce
0dHOocCe Ha crydaj MoOyiapHUX MemMpUYKUX rpocmopa.

KmbyyHe peyu: ¢bukcHa mauka, P-cnaba KoHmpakuyuja, MoOlyrnapHu
Mempu4ku npocmopu, ceojcmeo P.
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Abstract:

Introduction/purpose: This paper examines some of the applications of
Chebyshev’s inequality. Using Chebyshev’s inequality, the analysis of a
preliminary feasibility study for constructing a solar thermal power plant in
the Banja Luka area has been conducted. The goal of the preliminary
analysis is to show, without financial investments, if there is a basis for the
climate parameters measurement in the area.

Methods: For the known values of the arithmetic means and the standard
deviations of the number of cloudy days, the probability of deviation of the
number of cloudy days from the mean value was defined by applying
Chebyshev’s inequality.

Results: The diagram shows the values of the upper and lower limits of the
number of cloudy days that deviate from the expected value with a
probability of 50%.

Conclusion: The preliminary assessment of the justification of the
realization of a solar thermal power plant justifies the measurements
necessary for the analysis and detailed calculation of this type of a plant,
because the annual interval of cloudy days is from 94 to 164, or from 26 to
44% in the year.

Key words: probability, random variable, dispersion, mean value, cloudy
day, solar radiation, solar thermal power plants.
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Introduction

Many natural phenomena cannot be described in exact ways by
applying mathematical rules and schemes. There is not a possibility to
unambiguously determine correlations and relations within them. These
phenomena are known as random or stochastic and for the probability
theory they are the main subject of study. One of the branches of
mathematics which deals with the application of the probability theory
basic results is mathematical statistics (Dekking et al, 2005; Arandelovic¢
et al, 2011). The concept of probability is a completely determined
mathematical concept, i.e. probability is a determined function defined by
a set of random events. Random events show certain regularity in the
frequency of their occurrence if they are observed on a large scale (Elazar,
1972).

All statistic principles are stable if they are related to mass occurrences.
Random deviations from the mean value are negligible when observed on
a large scale. This stability of mean values of mass occurrences is the
essence of the concept of the law of large numbers (Lange, 2010). At a
significant number of random occurrences, their mean result ceases to be
random and could be predicted with a great precision, which is very useful
at analyzing renewable energy sources systems, as they tend to have a
random character (Yang et al, 2019; Wang et al, 2017; Hooshmand et al,
2012).

There are certain entry parameters needed when working on a
feasibility study of the realization of a certain system. If detailed entry
parameters are not available, and their collection demands measuring for a
lengthy period of time, it is necessary to determine, according to the existing
data, whether conducting the measurement would be justified (Bahmani et
al, 2020). A feasibility study related to the construction of a solar thermal
plant in the Banja Luka area needs to be based on relevant data related to
solar radiation (direct, diffuse and reflected), obtained by long term
measurements. Due to the lack of official data on the solar radiation for this
area, the available data to be used for this purpose is the data on the number
of cloudy days.

Solar thermal plants with parabolic trough collectors, unlike
photovoltaic systems, do not use diffuse radiation. Based on the above
mentioned, the goal of this paper is to estimate the annual number of cloudy
days with a 50% probability, using Chebyshev’s inequality. If the preliminary
estimation, which does not demand financial investment, leads to a
conclusion that the number of cloudy days (with a 50% probability) is under
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50% of the year, it is justifiable to invest and conduct measurements on
which the feasibility study would be based.

Inequality in probability theory

It is impossible to predict which of possible values a random variable
will have in a specific experiment. It depends on various random
circumstances; however, common influence of various random
circumstances can lead to the results that almost do not depend on the
experiment (Simonovi¢, 1986).

Probability (P) is a function that to each event (A) assigns a number

P(A)e[0,1], and it is defined by a probability space. A probability space
(Q, F, P) consists of the sample space Q, where the set F represents ¢ —

algebra of the events defined on the space Q. The function P: F — [0, 1] is
the probability for Q if it fulfills the following axioms:

- Non-negativity - P(A)=0,

- Normalization - P(Q)=1,

- Finite additivity - for the family of disjoint sets{A :iel}c F,1 c N it
is as follows:

P(UA}ZP(A)- (1)

iel iel
The conclusion is that the non-negativity and normalization axioms
result in the following inequality: 0<P(A)<1, for each AeF.

The probability space where Q is a discrete set (finite or countably
infinite), and corresponding c-algebra equals the power set of Q, i.e. F=P
(), is known as a discrete probability space (Jaoude, 2016).

In practice, it is important to know the conditions under which the
common influence of various random circumstances leads to the results
that almost do not depend on the case, as this enables the prediction of
the occurrence’s possible outcome (Simonovié, 1986).

Definition: If on the probability space there is a continuous random
variable X, with the density function f, and if the integral:

[TIXf (x)x, )
is finite, then the random variable X has the expectation and the number:
EX =Ijmx f (x)dx, (3)
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and it is called the mathematical expectation of the random variable X
(Masirevi¢ & Keglevi¢, 2017).
In the case when Q is a discrete set, and there is a random variable
X on the discrete probability space, the mathematical expectation of the
discrete random variable X can be defined as:
EX =2 xp. (4)
ielcN

Understanding the principle of mathematical expectation is only the
first step in determining the parameters of a certain distribution. Dispersion
(variance) is the next important parameter which represents the extent to
which certain distribution deviates from its mean value. The order moment

k e N, as the mathematical expectation E(X*) of the random variable X* is

defined by the following theorem which represents the basis for analyzing
the dispersion concept.

Theorem: If for the random variable X there is a finite (absolute) order
moment n, then there are all order moments k<n (Arandelovic et al, 2011).

If the variance (expressed as Var(X),oy,0”) were defined as

E[X -E(X )] it would not be a valid choice as this value always equals
zero, i.e. it is as follows:

E[X ~E(X)]= E(X)-E[E(X)]=E(X)-E(X)=0 ®
In addition, if the variance were defined as E(|X - E(X)|) it has been

proven that this measure would not have good characteristics important
for probability theory. Better characteristics than the above mentioned are

present at the random variable [X - E(X)]2 , i.e. the variance is defined
as E[X -E(X )]2 provided this expectation exists (Masirevi¢ & Keglevic,

2017).
Based on the dispersion (2" order moment) of the random variable
X:

D(X)=E[X -E(X)], 6)
it follows that:
D(X)=E(x*)-2[E(X)] +[E(X)], 7

which results in the dispersion of random variables more suitable for
practical calculation:
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D(X)=E(x*)-[E(X)]" ®)

Dispersion represents the square degree of the deviation of X from its
mean value, hence its root, denoted as a standard deviation of the random
variable X (Arandelovi¢ et al, 2011), is often considered, and represented

as:
o(X)=B(X) ={E(x*)-[E(X)]" ©
In probability theory, there is a saying that behind every limit theorem
there is probability inequality, i.e. that a large number of inequalities has
been discovered in very attempts to prove some of the fundamental
theorems of probability theory. In this way, Chebyshev discovered his
renowned inequality, later named Chebyshev’s inequality after him,
through which he proved the general form of the Law of large numbers. If

we have a series of random variables (X,,neN) such that for each

natural number n the random variables X,,..., X, are mutually independent
and their variances are uniformly limited, then the probability that the
realization of the random variables’ X,..., X, mean value differs from the

expected mean in more than a randomly chosen small number has a
tendency toward zero with the increasing number of random variables that
are taken when calculating the mean. The inequality itself was first
presented by French mathematician 1.J. Bienaymé in 1853, and 14 years
later was proven by Chebyshev (Stellato et al, 2017; MaSirevi¢ & Keglevic,
2017).

If the function of probability distribution is known, then the probability

of an event {|X |> g},g >0, can be determined, where the upper limit of the
probability is P(|X|> ) (Mitrovi¢, 2007).

Markov’s inequality (Russian mathematician A.A. Markov, 1856-
1922): Let X be a non-negative random variable, if there is E(Xk), keN,

then:

E(XX
P(X>¢)< (k ) foreach &> 0. (10)
&

Chebyshev’s inequality: Also according to the author (Chen, 2011),
if there is Var(X), then:
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Var(X).

2

P(X -E(X)z¢)< .

(11)

Chebyshev’s inequality

Pafnuty Lvovich Chebyshev (1821-1894) was a Russian
mathematician. He graduated from the Moscow University where he also
started his academic career. Later on he moved to Saint Petersburg where
he founded one of the most significant Russian mathematical schools
which today is named after him. The subject of his research was probability
theory. He demonstrated the weak law of large numbers which eventually
was named after him. Some of his students were famous mathematicians
Markov, Lyapunov and Korkin (Medi¢, 2014).

Analyzing the sum of a large number of random variables and their
arithmetic means, it can be noticed that partial damping of deviation at
summing up causes a decrease in dispersion of the arithmetic mean and
enables prediction of its possible outcome at an unlimited increase of the
number of addends. Such principles and the conditions under which these
principles occur constitute the content of a series of important theorems
known under the common name of Law of large numbers, to which
Chebyshev’'s as well as Bernoulli's theorems belong. Chebyshev’s
theorem is the most general law of large numbers, and Bernoulli’s is the
simplest. In order for these theorems to be proven, Chebyshev’s inequality
is needed, as it applies to both discrete and continuous random variables
(Jaoude, 2016; Simonovi¢, 1986).

Laws of large numbers are very useful when analyzing renewable
energy sources systems, which can be said to have, to a great extent, a
random character. An arithmetic mean, i.e. the mean value of many
random occurrences ceases to be random and can be defined with a great
certainty. These laws consider various forms of convergence of sequence
of random variables towards mathematical expectation.

Supposing E(X)z,u is an arithmetic mean and o is a standard

deviation of a discrete random variable, Chebyshev formulated the
following inequalities (Amidan et al, 2005; Biyya et al, 2017):

2
P(IX - 4>k 0 =)< > =2 and (12)
1 o’
P(|X —,u|£k-0'=€)21—P=1—?, (13)
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where k and ¢ are positive real numbers defined by the relation k-o=¢
from which follows:
1 o?
Based on the given inequalities, it can be said that probability, when
the random variable is outside or inside of the following interval (Elazar,
1972):

[p—e=pu-k-o; u+e=p+k-oj, (15)
is smaller than the above mentioned relation:
1 o
e 4o
or that it is not smaller than:
1 o?

Chebyshev’s inequality states that the probability of the random
variable X to deviate from its expectation at its absolute value for greater
than or equal to k standard deviations, is less than or equal to 1/k?
(Masirevi¢ & Keglevi¢, 2017).

Chebyshev’s inequality gives only the upper limit of the probability of
the given deviation. The probability for a random variable to assume the

value outside the interval (u—30,u+30), is in practice generally far

smaller than 1/9. If the distribution law is not known, and only ¢ and ¢ are,
the given interval is considered to be an interval of practically possible
values of the random variable X. The statistic rule stating that for normal
distribution it is necessary that all the values lie within the three standard
deviations of the arithmetic mean is called three sigma or 68-95-99.7 rule.
More precisely, 68.27% of the values lie within one standard deviation of
the mean, 95.45% of the values lie within two standard deviations of the
mean and 99.73% of the values lie within three standard deviations of the
mean, which can be presented as:

P(,u—30'<X<,u+30')=O,9973. (18)
If a product whose unit of measurement is marked as J is analyzed,
the values of the new components are grouped around J through a normal

distribution. Any bigger deviation serves as information on the
malfunctioning of the product which should be discarded.
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In Figure 1, the values of the random variable X; and its arithmetic
mean u are applied to the X axis. Based on the probability addition
theorem, for any positive number &, it can be written:

P(X—r>2)= > . (19)

[Xi—]>¢
where |X; — 1> & under the summation sign implies that the sum is spread

across all the p, values whose corresponding values X;lie outside the AB
straight line.

& H &

| | | |
I [ ! ! ! I I

X, X, A B X, Xn

Figure 1 — X axis with random variables and the arithmetic value
Puc. 1 — Ocb X co cnyqaliHbiMu nepeMeHHbIMU U CpeOHUM aputhmemu4eckum
Cnuka 1 —Oca X ca criyyajHuUM rpoMjeHbUSUM U apummemu4kom cpeduHoOM

Y

Dispersion has the following form:
—E(X ) =YX~ u) By = ZIX —ul'p. (20)
i=1
Considering that all the elements of the previous sum are positive, the

sum can decrease if the values of X; that lie outside the AB straight line
are used:

o’ > ¥ [Xi—ul b (21)

Xi-ul>e

If the expression under the summation sign |Xi —,u| is replaced with
¢, the sum will decrease even more:

o’> Y &p=¢ > p. (22)

Xi—ul>e Xi-ul>e
as for all the elements of the sum it is:
|X; —u|>e. (23)
Based on the given relations:

P(X-p>2)= 3 b and o®> 3 &'p=&" > By (24

|Xi—p>e |Xi—p>e |Xi—p>e
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a possible result is:
o’ > &P(|X -y >¢), (25)
which directly leads to the first Chebyshev’s inequality (Elazar, 1972).

Chebyshev’s inequality has a great theoretical value. Unfortunately,
its practical value is limited as it gives only a rough (sometimes even trivial)
probability estimation (Simonovi¢, 1986).

For events that are said to be opposite, the following applies:
X —py|<e and |X —p>¢, (26)
and the sum of their probabilities equals one:
P(IX —u|<e)+P(|X —p|>e)=1. (27)

Based on the above demonstrated and the first Chebyshev’'s
inequality, the second ChebisheVv’s inequality results (Elazar, 1972).

Preliminary feasibility study of solar thermal power
plant construction using Chebyshev’s inequality

Solar thermal power plants are sources of electrical energy generated
by transforming solar energy into thermal energy by the process of heating
a fluid or a solid substance and using the product in the circular process
for generating electricity.

As all the forms of solar thermal plants need high temperatures to
function, they have to have a system to concentrate a large area of sunlight
onto a small surface. The oldest and the most commonly used type of
plants of this sort are parabolic trough plants (Figure 2). They consist of
long rows of parabolic mirrors (curved as a parabola) and a collector
placed above them (Pupcevi¢, 2016).
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Parabolic Trough
Collectors

Heat Transfer Fluid

" Working Fluid

Auxiliary Heater

Solar Field

1. Turbine

2. Generator
3. Condenser
4. Pump

5. Preheater
6. Boiler

Expansion Tank

4

p

Figure 2 — Solar plant with parabolic troughs (Vasquez Padilla, 2011)
Puc. 2 — ConHe4Has anekmpocmaHyusi ¢ napabosudeckumu Konnekmopamu (Vasquez
Padilla, 2011)
Cnuka 2 — ConapHa enekmpaxa ca napabonuyHum konekmopuma (Vasquez Padilla,
2011)

A form of this system, a single-axis tracking system, enables reflection
of 98% of sunlight towards the focal point. The concentration ratio of the
collector can be expressed by the equation:

= 29)
where:

- A, - area of the mirror collecting sunlight, and

- A, - area of the tube - absorption.

As opposed to the flat plate solar collectors (where kq=1 always), the
systems of concentrated solar power can have this ratio up to tens of
thousands.

The parabolic mirror is more curved in the centre than on the rims.
This feature is necessary in order for the mirror to collect parallel sun rays
into one focal point (Figure 3). Consequently, the cross section of the
mirror has to have a parabolic shape with the vertex in the center of the
mirror (Pupcevic, 2016).

572



Mirror

Sun rays

Figure 3 — Spherical mirror and its elements
Puc. 3 — Chepuyeckoe 3epkaro u €20 safemMeHmsl
Cnuka 3 — CghepHo oz2nedaro u Heao8u efemeHmu

The elements of spherical mirrors are:

- O - the center of the curvature is the center of the sphere of which
the mirror is a part,

- O' - vertex of the mirror is its highest point,

- r - radius of the curvature is the radius of the sphere of which the
mirror is a part,

- OO’ - principal axis is an imaginary line passing through the vertex,
focus and the centre of the mirror,

- F - focus is a point on the optical axis through which rays of light
pass, and

- f - focal length is the distance between the vertex and the focus of
the mirror.

The focal length equals a half of the curve radius (Han et al, 2021):
f =% [m]. (29)

The efficiency of these plants increases with the installation of energy
storing systems, which also contributes to their reliability. These systems
rely on the storage of thermal energy into a material of high energy density.
The heat storing systems collect the energy during sunny periods (Figure
4), and this energy is spent in the periods of low sun radiation or when
there is not radiation at all.
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Figure 4 — Energy storing principle (Renewable Energy World, 2003)
Puc. 4 — lNpuHyun HakonneHusi sHepauu (Renewable Energy World, 2003)
Cnuka 4 — lNpuryun cknaduwmersa eHepauje (Renewable Energy World, 2003)

Terrestrial radiation consists of:

- Z4 - direct radiation that comes to the Earth,

- Z, - diffuse radiation, resulted from dispersion in the atmosphere,
- Z, - reflected radiation from the Earth’s surface.

Terrestrial radiation (Figure 5) can be expressed as follows:

2=2,+72.+2,. (30)
Diffuse
Direct radiation
radiation
Reflected

radiation \
Ground Solar module

i ¥ i [ I i’ r r f ’ r r 7 i i I i i iy f I I f i’ L ’ r f r 7 i

Figure 5 — Direct, diffuse and reflected solar radiation
Puc. 5 — lNpsimoe, paccesiHHOe U 0mMpa)KeHHOe COMTHEYHOEe U3/lyHeHuUe
Cnuka 5 — [JupekmHo, Ougby3HO U pechrieKmoeaHo CyHYE80 3pader-e
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When projecting and planning solar systems, it is necessary to know
the exact values of different meteorological elements and parameters
(Gomez-Munoz & Porta-Gandara, 2002). Concentrating collectors, in
comparison to photovoltaic systems, use only direct solar radiation.
Consequently, it can be said that cloudiness, as well as diffuse solar
radiation, influence solar thermal plants to a great extent. The climate
features of the Bosnia and Herzegovina area result from the influence of a
complex climate system — from global, synoptic to mezzo and micro
scales. The data necessary for a detailed solar thermal plant study are not
available, as measurements have not been done. Measurements relevant
for a detailed estimation would have to be taken several years in a row and
they demand financial investments. For these reasons, the number of
cloudy days in the Banja Luka area has been taken into account for the
purposes of a preliminary analysis; more specifically, the data on the
number of months a year (with a 50% probability) in which the number of
cloudy days does not exceed half of the month.

In the Banja Luka area, it is cloudy or overcast on average for 128.5
days a year (Table 1). The annual number of cloudy days varies slightly
less than the number of sunny days. According to the data, it ranges from
71 to 191 days. The winter period, especially January and December, is
the period when almost every other day is cloudy.

Table 1 — Number of cloudy days in the Banja Luka area (Pupcevic, 2016)
Tabnuya 1 — Konudecmeo nacmypHbix OHel 8 baHs-Jlyke (Pupcevic, 2016)
Tabena 1 — bpoj obnayHux daHa y bamsa Jlyyu (Pupcevic, 2016)

Jan | Feb | Mar | Apr | May [June | July | Aug | Sep | Oct | Nov | Dec | Year
Mid | 158|128 | 12 |106| 91 | 87 | 6,6 | 6,7 | 7,7 | 9,9 14 | 14,5 (1285
Max | 30 23 23 16 20 20 18 16 17 18 25 28 | 191
Min 4 0 2 1 3 2 2 1 1 3 6 1 71
o 58 | 52 | 55|33 |41 |42 | 43 | 36 | 35|43 | 47 | 6,1 |248

where:
- Mid - middle - expected value,
- Max - maximum monthly value,
- Min - minimum monthly value, and
- 0 - standard deviation of monthly values.

Let X be a continuous random variable which denotes the average
number of cloudy days per month. The middle, minimum and maximum
values of the cloudy days are defined in the table above. According to the
experience of the authors (Hajiagha et al, 2015; Crvenkovi¢ & Rajter, 1999;
Jovanovic¢ et al, 2008) and using ChebysheV’s inequality:
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P(IX -l <k-0)=1-P(X —4l 2k-0) 21, (31)

as well as based on the known expected values x and the standard
deviation g, the probability of the number of cloudy days deviation from the
mean value can be calculated. The minimum value of the number of cloudy
days for January is 4, the maximum is 30 and the middle - expected value
is u =15.8 days. Taking into account the standard deviation ¢ = 5.8 and the
deviation of 10 days, the result for January, as a critical month is as follows:

1 N

— = — . >1-— = 0
P(|X -15.8/<10)=P(|X — 4| <k -5.8)>1 757 = 0-664implies66.4%.  (32)

The conclusion that follows is that the probability of the number of
cloudy days to deviate for January, for less than two deviations, equals at
least 66%. It means that at least 66% of the realization of the random
variable X is within the interval (5.8; 25.8).

Based on the above example, the deviation interval from the standard

value at a 50% probability can be expressed in a different way:
P(|X—y|<k-5.8)21—k—12=0.5. (33)
From the above equation, k can be expressed as:
1 N
1—P:0.5|mplles k=472, (34)
and the following correlation is defined:
P(|X~15.8/<+/2-5.8)>0.5if and only if P(7.6<X <24)>05.  (35)

The conclusion is that the number of cloudy days in January is under
24 and above 7.6 for the probability more than or equal to 50%.

The upper limit (Xg) and the lower limit (Xd) of the number of cloudy
days per month that varies from the middle - expected value, with a 50%
probability, is shown in Table 2.

Table 2 — The number of cloudy days per month with the outcome probability of 50%

Tabnuuya 2 — Konudyecmeo nacmypHbix OHel 8 Mecsiy, ¢ 8eposimHocmbio ucxoda 50%
Tabena 2 — bpoj obnavyHux aHa MjeceyHo ca gjeposamHohom ucxoda 00 50%

Jan | Feb | Mar | Apr | May [June | July | Aug | Sep | Oct | Nov | Dec | Year

u 158 | 12.8 12 | 106 | 9.1 8.7 6.6 6.7 7.7 9.9 14 | 145 | 1285

5.8 5.2 55 | 330 | 4.1 4.2 4.3 3.6 35 4.3 4.7 6.1 | 24.8

Q

k 141 | 141 | 141 | 141 | 141 | 141 | 141 | 141 | 141 | 141 | 141 | 141 | 141

| X-u]| 820 | 735 | 7.78 | 467 | 5.80 | 5.94 | 6.08 | 509 | 4.95 | 6.08 | 6.65 | 8.63 | 35.07

Xg |24.00]20.15|19.78 | 15.27 | 14.90 | 14.64 | 12.68 | 11.79 | 12.65 | 15.98 | 20.65 | 23.13 |163.57

Xd | 7.60 | 545 | 422 | 593 | 330 | 2.76 | 200 | 1.61 | 2.75 | 3.82 | 7.35 | 5.87 | 93.43
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Figure 6 shows the minimum (Min), maximum (Max) and middle (Mid)
values of the cloudy days number for a period of 30 years. Using
Chebyshev’s inequality, the upper and the lower limits of the number of
cloudy days with the deviation from the expected value with a 50%
probability have been calculated.

30
s I\ /‘
., [N [
g 20 A A _.\\ ' /( Min
215 I ——a_ \"*,é_____._ —t—Max
3 Ny | -« ——Xg
5 10 *ﬁ- Rt /{ = Xdl
3 ) i g
E s N S - A | =y
z - L

0 | 1 | | | |*|*| | |

1 2 3 4 5 6 7 8 9 10 11 12
Month

Figure 6 — Number of cloudy days per month (Min — Max) and the number of cloudy days
interval around the average value with a 50% outcome probability.

Puc. 6 — Konuyecmeo nacmypHbix OHel 8 mecsy, (MuH—Makc) u uHmepesan konuyecmea
rnacmypHbix OHell OKOJ10 cpedHe20 3Ha4YeHUsI C 8epPOsIMHOCMbIO pe3yrismama 50%.
Cnuka 6 — bpoj obnayHux daHa MjeceqyHO (MUH-MakKc) u uHmepsars bpoja obna4yHux aHa
0KO cpeldtbe spujedHocmu ca sjeposamHohiom ucxoda 00 50%

Conclusion

Although the estimations obtained from ChebysheVv’s inequality are
generally quite rough, they are often used in practice for their simplicity
and the quality of not depending on the values’ layout. Chebyshev’s
inequality has a wide range of applications in cases where probability
distribution is not known, while the mean value and the variance are.

The results of the analysis show that, in the worst case scenario, on
an annual basis, the Banja Luka area has more than six months with the
number of cloudy days that exceeds 15 days a month, (maximum,
including April, although its value is higher for only 0.27 days than the
upper limit value) with a 50% outcome probability. On the other hand, the
measurements show that the minimum number of cloudy days per month
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does not exceed eight. The annual interval of cloudy days ranges from 94
to 164, i.e. 26 to 44% of the year. A very important fact is that the middle -
expected value of cloudy days per month is less than 50% throughout the
year. This lack of sunny days can be compensated by peak energy
resources.

The preliminary feasibility study of solar thermal power plant
construction in the Banja Luka area using Chebyshev’s inequality justifies
the measurements necessary for the analysis and detailed estimation of
this type of a power plant.
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NMPUMEHEHVE HEPABEHCTBA YEBbLILEBA B
MPEABAPUTENIBHOM TEXHWKO-OKOHOMUNYECKOM
OBOCHOBAHWM CTPOUTEJIbCTBA CONTHEYHOW TEMIOBOW
SNEKTPOCTAHLINN

Munax B. Mynyesuny?, 3opaH [. Mutposuy®

@ YHusepcuteT B r.baHsa-Jlyka, PakynbTeT MalLIMHOCTPOEHUS,
r. bans-Jlyka, Pecnybnuka Cepbckas, bocHus v epuerosuHa,
KOPpPeCcnoHAeHT

6 YHunBepcuTeT B . BaHsa-Jlyka, QnekTpoTeXHUYecKuin dakynbTeT,
r. bans-Jlyka, Pecnybnvka Cepbckas, bocHus u NepuerosmHa

PYBPUKA TPHTW: 27.43.15 Teopus BepoATHOCTEN U CryvanHble npoLecchbl
BWO CTATbW: opurmHanbHasa Hay4yHas cTaTbs

Pesome:

BeedeHue/uenb: B 0OaHHOU cmambe oOnucaHO puUMeHeHuUe
HepaseHcmea Yebnbiwesa. Vicrionb3ys HepaseHcmeo Yeboiwesa, bbin
rnpoeedeH aHanu3 npedsapumesibHO20 MEXHUKO-IKOHOMUYECKO20
obocHosaHus cmpoumesnbcmea COJIHeYHoU mennoseol
anekmpocmaHyuu Ha meppumopuu bans-flyku. Lenb daHHO20
npedsapumersibHO20 aHaslu3a cocmoum 8 mom, Ymobbl 6e3 8roxeHul
dokasamb, cyujecmeyem U  OCHO8aHUe  Onsi  U3MEePeHUs
KnumMamu4eckux napamempos 8 0aHHOM peauoHe.

Memodel: [lymem npumeHeHusi HepaseHcmea Yebbiwesa Ons
Uu38eCMHbIX 3Ha4YeHUl CpedHUX apugpmemuyeckux U cmaHOapmHbIX
OMKIIOHEHUU 8 Konuyecmee rnacMypHbix OHel bbina onpedeneHa
8EPOSIMHOCMb  OMKJ/IOHEHUST Kofu4decmea rnacMypHbix OHel om
cpedHeao 3Ha4yeHUus.

Pesynbmamsbi: Ha Ouazpamme roka3aHbl 3Ha4YeHUsI 8epxHe20 U
HWXHea20 rpedesiog Konudecmsa rnacMypHbiXx OHel, Komopbie ¢
sepossmHocmbto 50% He cosnadarom ¢ oxudaeMbiM 3Ha4YeHUEM.

Bbigodhbi: lpedsapumernbHas oyeHka TOO no ycmaHo8Ke COfTHeYHOU
menogol arekmpocmaHyuu onpadbigaem u3MepeHusi, Heobxodumbie
0nsi aHanusa u OemarnbHo20 pacdyema 0aHHO20 muria yCmaHO6KU, makK
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Kak 200080l uUHMepsasn nacMypHbix OHeli cocmasesnisem om 94 0o
164%, mo ecmb om 26 0o 44% & 200.

Kntoveeble crioga: 8eposimHocme, criydalHasi eesiuduHa, Oucrnepcus,
cpedHee 3HayeHue, acMypHbil OeHb, CoflHe4YHass paduayusi,
COJTHEYHbIE MENo8bIe AMEKMPOCMaHYuU.

NPUMJEHE HEJEOHAKOCTU YEBULLEBA Y MNMPEJTMMNHAPHOJ
OUJEHW ONPABOAHOCTU PEAINTM3ALUMJIE COJIAPHE TEPMAJIHE
ENEKTPAHE

Munan B. Mynuesnh?, 3opax [. Mutposuh®

@ YHusepauteT y bawoj Jlyun, MawmnHcku dakynrer,
Bara Jlyka, Peny6nuka Cpncka, bocHa n XepuerosuHa,
ayTop 3a npenucky

6 YuueepanteT y bamsoj Jlyum, EnektpotexHuyky dakynrer,
Bara Jlyka, Penybnuka Cpncka, BocHa n XepuerosnHa

OBJIACT: maTtemaTtuka
BPCTA YJTAHKA: opuruHanHu Hay4Hu pag

Caxemak:

Yeod/yurb: Y pady cy npedcmasrbeHe Heke rpumjeHe HejedHakocmu
Yebuwesa. [lomohy HejedHakocmu Yebuweea aHanusupaHa je
npenuMuHapHa oujeHa orpasdaHocmu pearu3auyuje corapHe mepmarHe
enekmpaHe Ha ripocmopy barse Jlyke. Ljurb oge npenumuHapHe aHanu3e
Jjecme Oa ce dokaxe, be3 uHgeecmMUUUOHUX yrazarba, 0a nu cy onpasdaHa
Mjepera KIuMamcKux napamemapa Ha mom rnodpydjy.

Memode: 3a nosHame epujedHOCMU apummemuykux cpeduHa U
cmaHOapOHUx  Oesujayuja bpoja obnadyHux OaHa,  MPUMEHOM
Yebuwesrbese  HejeOHakocmu  OechuHucaHa je  ejeposamHoha
odcmynarba 6poja obriadyHux daHa 00 cpedr-e spujedHocmu.

Pesynmamu: Ha Oujaepamy cy npukaszaHe epujedHocmu 20pH-e U O0H-€e
gpaHuue 6poja obnavyHux OaHa Koje o00cmyrajy 00 oYekusaHe
gpujedHocmu ca ejeposamHohom 00 50%.

Sakrbyyak: lNpenumuHapHa oujeHa orpasdaHocmu pearnu3ayuje conapHe
mepmarnHe efiekmpaHe ornpasldasa Mjepera Koja Cy HeornxooHa 3a
aHanudy u demasbHU MpopayvyyH O8aKee epcme rocmpojera, jep je
200uUwWr-U uHMepsar obnayvHux daHa 00 94 do 164, oOHocHO 00 26 0o 44%
nepuoda 20duHe.

KrbyuHe pujedu: sjeposamHoha, crnyvajHa rpomjeHsrbuea, ducnepauja,
cpedma epujeOHocm, obriayaH OaH, COMapHO 3paydere, conapHe
mepmarsHe efniekmpaHe.
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Abstract

Introduction/purpose: A graph as a mathematical object occupies a special
place in science. Graph theory is increasingly used in many spheres of
business and scientific fields. This paper analyzes pentagonal cactus
chains, a special type of graphs composed of pentagonal cycles in which
two adjacent cycles have only one node in common. The aim of the
research is to determine the dominant set and the dominance number on
ortho and meta pentagonal cactus chains.

Methods: When the corresponding destinations are treated as graph nodes
and the connections between them as branches in the graph, the complete
structure of the graph is obtained, to which the laws of graph theory are
applied. The vertices of the pentagon are treated as nodes of the graph and
the sides as branches in the graph. By applying mathematical methods, the
dominance was determined on one pentagon, then on two pentagons with
a common node, and then on ortho and meta pentagonal cactus chains.

Results: The research has shown that the dominance number on the ortho
chain 0,, of the length h = 2 is equal to the value of the expression [32—'1] while

on the meta chain M, it is equal to the value of the expression h+1, which
was proven in this paper.

Conclusion: The results show that the dominant sets and the dominance
numbers on ortho and meta pentagonal cactus chains are determined and
explicitly expressed by mathematical expressions. They also point to the
possibility of their application in the fields of science as well as in the
spheres of business in which these structures appear.

Keywords: graph, pentagonal cactus-chain, dominant set, dominance
number.
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Introduction

Mathematical apparatus and mathematical methods are used in
almost all fields of science, both natural (Ghergu & Radulescu, 2011;
Velickovic et al, 2020) and social (Vladimirovich & Vasilyevich-Chernyaev,
2021). A graph as a mathematical object occupies a special place in
science (Bakhshesh, 2022; Hajian & Rad, 2021; Hernandez Mira et al,
2021). It is used in medicine, genetics, chemistry, etc. All structural
formulas of covalently bound compounds are graphs. Chemical elements
are represented by graphs where atoms are vertices and chemical bonds
are lines in the graph (Balaban, 1985). A graphical representation of
chemical structures provides a visual insight into molecular bonds and
chemical properties of molecules. The QSPR study has shown that many
of chemical properties of molecules are closely related to theoretical
graphical invariants called molecular descriptors (Mihali¢ & Trinajstic,
1992). The theoretical graphical invariant is also the dominance number,
which is the simplest variant of the k-dominance number that is used many
times in mathematics (Zmazek & Zerovnik, 2003).

A graph is usually denoted by G, a set of its vertices (nodes) by V(G)
and a set of its branches (lines) by E(G).

A set D that is a subset of the set V(G) is called a k-dominant set in
the graph G if for each vertex outside the set D there is at least one vertex
in the set D such that the distance between them is less than or equal to
k. The number of elements of the smallest k-dominant set is called the k-
dominance number and is denoted by y;. If k=1, the 1-dominance number
is called the dominance number and is denoted by y and the 1-dominant
set is called the dominant set.

A cactus graph is a connected graph in which no line (branch) is in
more than one cycle. The study of cactus graphs began in the middle of
the 20th century. In his work (Husimi, 1950) Husimi uses these graphs in
studies of cluster integrals. Riddell (Riddell, 1951) uses them in the theory
of condensation. They were later used in the theory of electrical and
communication networks (Zmazek & Zerovnik, 2005) as well as in
chemistry (Sharma et al, 1997; Gupta et al, 2001; Gupta et al, 2002).

It is known that many chemical compounds have a pentagonal shape
in their configuration. Among them are cycloalkanes, which are very
common compounds in the nature. The five-membered and six-membered
cycloalkanes, cyclopentane (Figure 1) and cyclohexane, which contain 5
and 6 ring carbon atoms, respectively, are very stable and their structures
appear in many biological molecules.
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Figure 1—- Cyclopentane
Puc. 1 - LuknoneHmaH
Cnuka 1 — L{uknoneHmaH

Their ring structures are also included in the composition of steroids.
A large number of steroids are synthesized in laboratories and used in the
treatment of cancer, arthritis, various allergies and other diseases
(Balaban & Zeljkovi¢, 2021). Pentagonal forms in combination with
hexagonal forms are present in many compounds, among which are
heterocyclic compounds: morphine, benzofuran, dibenzothiophene and
others.

In this paper, we analyze the k-dominance of pentagonal cactus
chains. Hexagonal cactus chains were investigated in papers (Farrell,
1987; VukiCevi¢ & Klobucar, 2007). Afterwards, the papers (Majstorovic et
al, 2012; Klobu&ar & Klobucar, 2019) determined the dominance number
on a uniform hexagonal cactus chain, the dominance number on an
arbitrary hexagonal network, and the total and double total dominance
number on a hexagonal network. The K-dominance on rhomboidal cactus
chains (Carevi¢ et al, 2020) as well as on the icosahedral-hexagonal
network (Carevi¢, 2021) was also investigated.

Pentagonal cactus-chains

The pentagonal cactus-chain G is a graph consisting of a cycle with 5
vertices. A vertex that is common to two or three pentagons is called a cut-
vertex. If each pentagon in the graph G has at most 2 cut-vertices and
each cut-vertex is divided between exactly 2 pentagons, the graph G is
called a pentagonal cactus-chain.

With G;, we will denote a pentagonal cactus-chain of the length h and
G,= P'P? ... P" where P! are successive pentagons in the chain (Figure 2).
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Figure 2 — Pentagonal cactus-chain of the length 7
Puc. 2 — NamuyzonbHasa kakmyc-yernoyka onuHod 7
Cnuka 2 — [lemoyzaoHu kakmyc-naHay, OyxuHe 7

Denote by x and y the vertices in the graph G and by d(x, y) the
distance between them, where the distance between two vertices is equal
to the number of branches located from one vertex to another. Denote by
p; the minimum distance between the pentagons P‘ and P+2:

p; = min{d(x, y): xeP'AyeP*%,i = 1,2, ..., h- 2}

Then p; is the distance between the pentagons P! and Pi*2.

With the exception of the first and last pentagons in the cactus chain,
which have one cut-vertex, all other pentagons have two cut-vertices, and
they are called inner pentagons.

In the pentagonal cactus chain G, we distinguish between ortho and
meta inner pentagons. An inner pentagon is called an ortho pentagon if its
cut-vertices are adjacent, and a meta pentagon if the distance between its
cut-vertices is d = 2.

A pentagonal cactus chain is uniform if all its inner pentagons are of
the same type. A chain G, is called an ortho-chain, and is denoted by 0,
if all its inner pentagons are ortho-pentagons (Figure 3).

i@,
Y

Figure 3 — Ortho cactus-chain Og
Puc. 3 — Opmo-kakmyc-uernouka Os
Cnuka 3 — Opmo kakmyc-naHay, Og




Analogously, a chain G is called a meta-chain, and is denoted by M,
if all its inner pentagons are meta-pentagons (Figure 4).

Figure 4 — Meta cactus-chain Mg
Puc. 4 — Mema kakmyc-uernoyka Mg
Cnuka 4 — Mema kakmyc-naHay, Mg

To determine the dominant set on the uniform pentagonal cactus
chains 0, and M, it will be necessary to point out certain vertices in the
cactus chain. That is why it is necessary to mark them. In the ortho
pentagon P! the cut-vertices are adjacent and we will denote them by V;
and V;,;. The other vertices in P! it will be denoted by x!, xiandx} (Figure
5):

i i+1

Figure 5 — Marking vertices in the ortho pentagon
Puc. 5 — Obo3HayeHuUe 8epuUH 8 OPMOEOHAaNIbHOM MSIMUY20/IbHUKE
Cnuka 5 — O3Hayagar-e 4goposa y opmo rnemoyasny

In the meta pentagon P’ the cut-vertices are at a distance d = 2 and
we will denote them by V,;_; and V,;, ;. With V,;we will denote the vertex
to which it applies d(V,;_1, Vo;) = d(V5;, V,i41) = 1. The other two nodes in
the pentagon P! will be denoted x!andx’ (Figure 6):
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Figure 6 — Marking vertices in the meta pentagon
Puc. 6 — O6o3Ha4yeHue 8epwuH 8 Mema-nsamuyeorbHUKe
Cnuka 6 — O3Ha4asar-e 4gopoea y Mema nemoyearny

Research results

In this section, we consider 1-dominance on ortho and meta
pentagonal cactus chains. We will first consider the dominance of one
pentagon and two adjacent pentagons in the ortho and meta chain of cacti.

Lemma 3.1. The dominance number for the pentagon is y = 2.

Proof: Let us denote the vertices of the pentagon by x;, x,, X3, x4, X5
(Figure 7):

Figure 7 — Dominant set on a pentagon
Puc. 7 — [JomuHupytoujee MHOXeCcmeo Ha rnsimuy20s/ibHUKe
Cnuka 7 — [JomuHaHmMHU CKyrn Ha nemoyaiy

One pentagon vertex dominates two adjacent vertices. Let us take the
vertex x;. It dominates the vertices x, and xs;. As the pentagon has 5
vertices, domination over the other two vertices x; and x, IS necessary.
We conclude that one of the remaining two vertices must belong to the
dominant set on the pentagon. Let it be the vertex x;. Thus, the set D =
{x1, x5} is the dominant set for a given pentagon but it is not the only
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dominant set whose cardinality is equal to 2. They are also sets that
contain any two non-adjacent pentagon vertices. Let us prove that any of
the mentioned two-membered sets is the minimum dominant set on the
pentagon. Assuming that there is a dominant set of less cardinality D', it
would have to contain only one vertex and one vertex cannot dominate the
remaining 4 vertices of the pentagon. Thus, the minimum dominant set on
a pentagon is a two-membered set, so the dominance number for the
pentagonisy = 2.

Lemma 3.2. The dominance number for two pentagons with one cut-
vertex isy = 3.
Proof: Let us denote the vertices of two pentagons by one common

vertex with x4, x5, . . ., xg (Figure 8):
X3
]
X4 P X2
X4q Xq
X5
2
Xg P Xg
X7

Figure 8 — Dominant set for two pentagons with a cut-vertex
Puc. 8 — JomuHupytoujee MHoxecmeo 01151 08yx nsimuy20/IbHUKO8 C repecekarouelcs
8epwuHoU
Cnuka 8 — [JomuHaHmHu ckyn 3a 08a rnemoyasna ca rnpeceYyeHuM 48opom

Let x, be the cut-vertex of the given pentagons P! and P2.Based on
Lemma 3.1. the pentagon P! excluding the vertex x; must have another
dominant vertex that is not adjacent to the vertex x,.Let it be the vertex x;.
Also by applying Lemma 3.1. the pentagon P? excluding the vertex x; must
have another dominant vertex that is not adjacent to the vertex x;. Let it
be the vertex x,. Thus the nodes x;, x; and x, dominate over the nodes
Xy, X4, X5, Xg, Xg andx, SO the dominant set for the pentagons P1P? is the
set D = {x;,x3, x-}. Analogous to the consideration in Lemma 3.1. the set
D is not the only three-membered set that is dominant on P1P2but there is
no dominant set of less cardinality. Suppose that there is a dominant set
D' whose cardinality is equal to 2. Let D' contain one vertex from each
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pentagon, for example D' = {x;,x3}.The vertices x; and x; would then
dominate over the remaining 7 vertices in P1P? and this is impossible.The
vertex x; as a common vertex for both pentagons dominates over two
neighboring vertices in both pentagons, so it dominates over 4 vertices in
P1P% The vertex x;, or any other vertex not adjacent to the vertex x;
dominates two adjacent vertices.So, the total sum of vertices covered by
dominance is 4 + 2 = 6 and that is less than 7.Thus, 2 vertices cannot
dominate the remaining 7 vertices in P1P%. We conclude that the minimum
dominant set for P1P? is a three-membered set and y = 3.

Let us consider the dominance on pentagonal ortho and meta cactus
chains of arbitrary length.

Theorem 3.1. y( 0p) = [%] for each h= 2 Ah eN.

Proof: We observe a pentagonal ortho cactus-chain 0, = P1P2...
P"(Figure 9) and a set:

Do, ={xk,i=1, N} U{Vy, i=1,[2]}

9498

Figure 9 — Minimum dominant set for 0y,
Puc. 9 — MuHumanbHO domMuHUpyrouee MHOxecmeo 0151 Oy,
Cnuka 9 — MuHumanHu domMuHaHmMHuU cKyr 3a Oy,

Let us prove that D, is the dominant set of minimum cardinality for a

pentagonal ortho cactus-chain 0,= P'P?... P",
Let us divide the ortho-chain 0y, into subchains P?-1p2t i=1,2, ...,

EJ (Figure 10) and the last pentagon P" if h is an odd number.
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Figure 10 — Subchain of the ortho-chain 0y,
Puc. 10 — Noduenoyka opmo-uyenoyku Oy
Cnuka 10 — NodnaHay, opmo naHya Oy,

Based on Lemma 3.2. the set 4;= { x2""1,x2,,V,;} for i=1,2, ..., Elis
the dominant set of minimum cardinality for the subchain PZ=1P%{, An
ortho-chain of the length h for h = 2k, k ¢ N is composed of % subchains

p2i-ip2i j=1 2 .., % (Figure 9,), so the set

Dy= U, 4;, for k=2
is a dominant set for the ortho-chain 0;,. Therefore, it is

h 3h
y(0y) < card(D,) = 5 3= >
where we have marked the cardinality of the set D, with card(D,).
If h is an odd number (Figure 95 ), then the set
h

Dy= UKy 4 U i, Vs, for k= |3

is a dominant set for the ortho-chain 0;, and then is

¥(0y) < card(D,) = [gj .3+2 = [%]

Note that the set D; for k =§ if h an even number is equal to the following
expression:
D,= U?=1Ai = Ui'(=1{ x5 x5 Vo) =
{x3,%3,V2} U{x3,x3, Vi U... U{x] 70 %], V) =
{x, i=12., U {Vpi=12.,5
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Also for k = EJ and h is an odd number, the set D, is equal to the
following expression:
D= U1 A; U {x3, Viy}=
= Ul {2374 235 Vo U {ad, Vi )=
={x3, 23, V23U {x3, 23, V)3 U ... U{3 7o, Vi U {xf, Via}=
= {xd, i=1,2,.,h}U{Vpi=12..[5]}
In case h is an even number, % = [g] then we conclude that itis D;= D,.
So, the set Dy, ={ xt, i=1, hyu{Vy,i=1, [g]} is the dominant set
for the ortho-chain 0;, when h is even or odd number.
Also, in the case where h is an even number, % = [%] So, y(0p) <

F’Z—hlwhen h is even or odd number. Prove that the set D, is the dominant

set of minimal cardinality. Each subchain P?:~1P?! contains 3 dominant
nodes based on Lemma 3.2. Based on this, we conclude that each
dominant set on the chain 0, contains more than 3 or exactly 3 dominant
nodes in each subchain P?:=1P%‘and more than 2 or exactly 2 dominant
nodes in the last pentagon if h is an odd number, based on Lemma 3.1.

So, we conclude that it is y(0y) = % - 3 in case h is an even number, and
y(0y,) 2% - 3+ 2in case h is an odd number. When we combine both
cases, we get that y(0y) = [32_h]
It follows from y(0,) < [5] and ¥(04) = [3] that itis y(0n) = [3].
Corollary 3.1.Dy, < Dy,,, foreachh =2 Ah eN.
Theorem 3.2. y(M,) =h+1foreachh>2 Ah eN.
Proof: We observe a pentagonal meta cactus-chain M, = PPZ...

P (Figure 11) and set:
Dy, ={Vzi-1,1=1,h+ 1}

X" X

Figure 11 — Minimum dominant set for M,
Puc. 11 — MuHumanbHO QOMUHUpYOU,ee MHOXecmeo 0nsi My,
Cnuka 11 — MuHumarnHu oMuHaHMHu cKyrn 3a My,
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Let us prove that Dy, is the dominant set of minimum cardinality for a
pentagonal meta cactus-chain M,= P'P?... P*. Based on Lemma 3.1.
each pentagon has a dominant set made up of two non-adjacent vertices.
Thus, the set { V,;_4, V,;+1} is dominant for the pentagon P! for eachi=1,
h. By merging the dominant sets of all pentagons in the chain, we get a set
that is dominant for the whole chain. But, each pentagon P! has a
common vertex with the pentagon Pi** for each i =1, h — 1. Common
vertices should not be repeated in the dominant set. So, the set

Dy, = U?=1{ Voic1, Vaiza}\ U?=_11{ Vaiv1}
is the dominant set for the meta-chain Mj,.

Note that it is

U i{ Vai1, Vaisad ) U?=_11{ Vaira} =

{V, V33 U V5, Vs} U Vs, V73 U U Voo, Vo .30 V3, Vs, Vyy o, Vapoa 3 =
V1, V3, Vs, oo, Vapo1, Vapga} = {Voi-1, =1, h + 1}

Thus, the set Dy, = { V;_4, i = 1, h + 1} is the dominant set for the
meta-chain M, for each heN and h 22. Let us prove that D, is the
dominant set of minimal cardinality. Suppose that there is a set S of less
cardinality that is dominant on the meta-chain M. The set S would then
have one node less than the set Dy, . Let it be a vertex V;;,, foranyi=1,
h. Then the pentagon P! would have only one dominant node V,;_,. Based
on Lemma 3.1. that is not possible. We conclude that Dy, is the minimum
dominant set for My, so it is y(My) = h + 1.

Corollary 3.2.Dy, < Dy,,, foreachh =2 Ah eN.

Conclusion

In this paper, we have shown the arrangement of vertices in dominant
sets on uniform ortho and meta pentagonal cactus chains that appear in
molecule structures of numerous compounds. We also proved that the
dominance number for a pentagonal ortho-chain of the length h is equal to

the value of the expression [%] while for a pentagonal meta-chain it is
equal to h + 1.
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JOMNHNPOBAHWME HA MATNYTOJIbHBIX KAKTYC-LEMAX

Mupocnaea Muxannos Llapesny

Bbiclias wkona 3KOHOMUKM U NpeanpUHUMAaTeNnbsLCTBa,
r. benrpag, Pecny6nuka Cepbus

PYBPUKA TPHTW: 27.45.17 Teopus rpachos,

61.13.21 XuMmunyeckume npouecchbl
BWO CTATbW: opurmHanbHasa Hay4yHas cTaTbs
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Pesome:

BeedeHue/uenb: pagh kak mamemamuyeckuli obbekm 3aHumaem
ocoboe mecmo 6 Hayke. Teopusi epaghoe ece Yauje Ucrnosb3yemcsi 60
MHoaux gulax desmesibHOCMU U PasfiuYyHbIX Hay4yHbix obracmsx. B
OaHHOU cmambe aHanu3upyromcsi NmuyaosibHble KaKmyc-Uernoyku,
Kak 0cobbili 8ud epaghos, cocmosuwux U3 nNsAMuUyaosibHbIX YUK/I08, 8
Komopbix 08a COCEOHUX UuKra umerom mosibKO O0OUH obwul y3er.
Llenb uccnedosaHusi 3aknovanachk 6 ornpedeneHuu GOMUHUPYWe20
MHOXXecmea u OOMUHUPYeLWe20 Yuca 8 0pmo- U Mema-nsimuy2aosibHbIX
KyKmyc-uernoyKax.

Memodsi: Koeda coomeemcmayroujue rnonoxeHUs: paccmampusaromcesi
Kak y3nbl epagha, a ces3u Mexdy HUMU — Kak eemeu epagha,
rnonyyaemcs rnosHasi cmpykmypa epagha, K Komopoul npumMeHsitomesi
3aKOHbI meopuu epacghos. BepuwuHbi nsamuyaorbHUKa
paccmampuesaromcs Kak y3rbl 2pagha, a CmopoHbI — Kak eemeu gpagha.
C nomowpbo Mamemamu4deckux memodos, ©bbi1o onpedeneHo
OOMUHUpOBaHUE Ha OOHOM MAMuUy20/bHUKe, 3ameM Ha 08yx
namuyaonbHUKax ¢ obwum y3roM, a 3amem Ha opmo- U Mema-
nAamuyeosibHbIX KaKmyc-Uero4ek.

Pesynbmamel: MiccrnedosaHue rokasasio, 4mo Yucsio O0MUHUPOBaHUS Ha
o 3h
opmo-uenu Oy, ¢ OnuHol h 2 2 pasHO 3Ha4YeHUIO 8bipaXKeHUsl [7] 8 mo

8peMsi Kak Ha Mema-yenu M;, OHO pasHO 3Ha4YeHUI0 8bipaxeHus h+1, ymo
u criedosasiock 0okasamb 8 OaHHOU cmamebe.

Bbi800bI: Pe3ynbmamei uccriedogaHusi rokasasu, 4Ymo OoMUHUpPYyrouue
MHOXecmea U 4ucria GOMUHUPOBaHUST 8 OpmMo- U Mema-nsimuy20sibHbIX
Kakmyc-uerodkax onpedesnsromesi U 3KCIAUYUMHO  UCHUCIISIIOMCS
Mamemamudeckumu  ebipaxxkeHusmu. OHU makxe yKa3blealom Ha
803MOXXHOCMb UX MPUMEHEHUST Kak 8 obracmu HayKku, maKk u 8 cghepax
busHeca, 8 KOMOPbIX MPUCYMCMEYIom 3mu CmpyKmypeb!.

Knrouesbie cnosea: epag, namuyaosbHasi Kakmyc-uyeroyka,
GOMUHUpPYOWee MHOXECMeO, YUCIo OMUHUPOBaHUSI.

JOMUHALIMJA HA TIETOYTAOHUM KAKTYC-NAHLIMMA

Mupocnasa Muxajnos Ljapesuh

Bucoka wkona 3a NocroBHy eKOHOMU]Y U NPeay3eTHULLTBO,
Beorpag, Penybnuka Cpbuja

OBJNACT: maTepujanu 1 xeMujcke TeXHOMOrmje, MaTemaTtumka
BPCTA UJIAHKA: opuruHanHu Hay4Hu pag

Caxemak:

Yeod/yurs: pagh kao MamemMamuyku objekam 3ay3uma nocebHo mecmo y
Hayuu. Teopuja epachoea Hanasu cee eehy rpumeHy y MHO206pOJHUM
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cchepama rocriosarba, Kao U Hayd4yHum obnacmuma. Y oeom pady
aHanuaupaHu Ccy [remoyeaoHu Kakmyc-rlaHyu Koju rnpedcmasrbajy
rnocebHy epcmy epacgha cacmasrbeHoe 00 remoyaaoHuX UUKryca y Kojuma
dsa cyceOHa Uuknyca uMajy 3ajedHudku camo jedaH uyeop. Lurb
ucmpaxueara jecme  olOpehusame  OOMUHaHMHoO2  cKkyna U
domuHauyujckoe 6poja Ha opmo u Mema remoy2aoHUM Kakmyc-naHyuma.

Memode: Kada ce odzosapajyha odpeduwima mpemupajy Kao 480posu
epagha, a sese MeRhy muma Kao epaHe y epaghy, 0obuja ce nomryHa
cmpykmypa epacha Ha Kojy ce MpuMemyjy 3akoHumocmu meopuje
egpachosa. TemeHa nemoyerna Cy mpemupaHa Kao 4eopoeu epadha, a
cmpaHuuye Kao epaHe y epagpy. lNpumeHOM Mamemamudkux memoda
odpeheHa je domuHayuja Ha jeOHOM riemoyery, 3amum Ha dea nemoyana
ca 3ajedHUYKUM 4Y8OPOM, & HaKOH moaa Ha Opimo U Mema femoy2aoHum
Kakmyc-naHyuma.

Pesynmamu: cmpaxusara cy rokasana 0a je domuHayujcku bpoj Ha
. 3h .

opmo naHuy 0, dyxuHe h >2 jeOHak epedHocmu u3pa3sa [7] , 00K je Ha
mema naHyy M, jeOHak epedHocmu u3pa3a h + 1, wmo je 0okasaHo y
paody.

Sakrbyyak: Pesynmamu nokasyjy O0a cy OOMUHaHMHU CKyroeu u
OoMUHauujcku 6pojesu Ha opmo U Mema rnemoyaaoHUM Kakmyc-naHuyuma
o0peheHu U eKkcrinuyumHo UckasaHu Mamemamuykum uspasuma. Takohe,

ynyhyjy Ha mo2yhHocm Huxose npumeHe y obracmuma Hayke, Kao U 'y
cghepama riocrioear-a y Kojuma ce rojassbyjy oee cmpykmype.

KrbyyHe pedu: epagh, nemoyzaoHU Kakmyc-rnaHau, GOMUHaHMHU CKyrl,
domuHayujcku 6poj.
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Abstract:

Introduction/purpose: In this paper a new combinatorial proof of an al-
ready existing multiple sum with multiple binomial coefficients is given.
The derived identity is related to the Fibonacci numbers.

Methods: Combinatorial reasoning is used to obtain the results.

Results: The already known identity was obtained by using a new com-
binatorial reasoning.

Conclusions: The new combinatorial reasoning led to the solution of the
already existing identity.

Key words: Fibonacci numbers, combinatorics.

Introduction

The Fibonacci numbers date as early as 200 BC in Indian mathematics,
but they were named after the Italian mathematician Leonardo of Pisa, later
known as Fibonacci. He published his masterpiece The Book of the Abacus
in 1202 where he introduced a well-known problem of rabbits, the result of
which was the Fibonacci numbers, known to many today. The Fibonacci
numbers have been investigated by many and they occur in many areas.
For more information about the Fibonacci numbers consult the following
books (Flajolet & Sedgewick, 2009; Gessel, 1972; Grimaldi, 2012; Singh,
1985). The topic discussed in this paper is how to prove an already known
multiple binomial coefficient sum, using different combinatorial reasoning
than to the one already known. For the original proof see p.69 (Benjamin
& Quinn, 2003).
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Let us denote the notation which will be used throughout the paper.
Writing

n

>

Hi‘:l k;=0
1>2

we mean that the number of sums depends on the parameter |, for example

setting [ = 3 we get
Z 33 Z

1 ki=0 k1=0 k=0 k3=

Main results

We give our new combinatorial proof of the multi binomial identity.

THEOREM 1. The following equality holds

S o

k=0
1>2

The F; sequence is defined as follows
Fioo=F+F_1,l>2F=2F =3

Where F; is a Fibonacci Sequence but with different initial conditions and
shifted by two index places.

Proof. We will prove our Theorem using combinatorial reasoning. Let n
denote the number of white balls and &; the number of colors we paint the
balls with. The base case I=1 is trivial, we have n balls and we choose i of
them to paint yellow (7) On the right side we choose between two colors,
yellow and white for each ball. Therefore the right side is 2". For simplicity
let us consider the case [ = 2. Therefore we have n balls and two colors.
We pick k; white balls and paint them yellow which gives us (). Then we
pick the balls that have not been painted yellow and paint them blue, which
gives us (", kl) The number of ways to paint the balls like this gives us

599

Stojiljkovi¢, V., New combinatorial proof of the multiple binomial coefficient identity, pp.598-603



Eﬁ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2022, Vol. 3, Issue 70

the left-hand side. Alternatively, we can choose 3 colors for each ball to be
painted with, white, yellow and blue, that is 3™. Therefore, we get
L (n\ & (n—k n
Z<k1>z< k2 >_3
k1=0 k2=0

Let us now consider the case when [ = 3, where we paint balls with
three colors. We pick k; white balls to be painted yellow, which gives us
(,:‘1) then we paint those that have not been painted yellow to be painted
blue (";2’“1), now we choose balls which have not been painted blue to
be painted red (”;3’”). A ball that has been painted both yellow and red
becomes an orange ball. The number of ways to paint the balls like this
forms the left-hand side. On the other hand, each ball can be painted white,
yellow, blue, red and orange. Therefore each ball has 5 ways to be painted,
and we obtain the equality

L)X ()R ()

kl :0

Consider the case [ = 4 with 4 colors. We choose k; white balls to

n

be painted yellow (kl) and ko balls to be painted blue which have not

been painted yellow (”’kl), k3 balls to be painted red which have not been

k2
painted blue (”;f‘z), k4 balls to be painted purple which have not been

painted red (”Ef‘s). By adding a new color, in this case purple, we paint
all the balls which have not been painted with red, remember we painted a
yellow one red to get an orange one and we have a red one itself, there-
fore we paint yellow blue and white, which is the number of colors we got
in the [ = 2 case. Therefore, by adding a new color, we have the relation
Fy = F3+ Fy, => Fy =543 => F; = 8, which means that by adding a new
color we have the old number of colors plus the painted ones which have
not been painted with the previous color. This means we have 8 colors
to choose from, which in combination with n balls gives us the following
equality.

& n "n—k\ e= (n— k2 w [n— ks "
Z(h),;( ko >,%Z:0< ks >Z< k4 > ;

k1=0 k4:0
Now observing the general case, let F,, denote the number of colors

Fi Fy..Fy 1 F, Fopy
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Adding a new color, we get F;, 11, which means we have F,, colors and
we paint all the balls in F,, that have not been painted with the n-th color in
F,, which in turn gives us that the new color may paint all the balls which
have not been painted with the n-th color. Therefore, we obtain a general
formula

Fn—i—l =Fy+ Fh1.

The right-hand side is obtained by the fact that for each ball we can
choose F,,; colors, therefore we get (F,+1)".
The proof is done. O

In the following Corollary, we show the usage of the derived Theorem.

EXAMPLE 1. Setting | = 6, n = 3 in the previously derived Theorem, we get
the following.

> OO0 -

HZ:I ki=0

2L @) -

Hz=1 ki=0

Conclusion

1. In this paper we have shown that the number of sums and the
number of binomial coefficients is related to painting balls whose result is
related to the Fibonacci numbers raised to the number of balls.

2. This paper motivates further research in a direction of painting
various objects and the sums they can represent.
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HOBOE KOMBMHATOPHOE OKA3ATENILCTBO
TOXOECTBA C YHYACTMEM KPATHOIO BMHOMUMATIbBHOIO
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27.25.15 [eckpuntneHasa Teopus yHKUNN
B[O CTATbW: opurnHanbHas Hay4Hasi cTaTbs

Pestome:
BeedeHue/uenb: B daHHolU cmambe rpedcmasiieHo HO80e KOM-
buHamopHoe dokaszameribCmeo yxe cyuiecmesyou,el KpamHou

CcyMMbI mox0ecmea bUHOMUAITbHbBIX KOI(hUUUEHMO8, C8s3aH-
Hou ¢ Yucnamu QuboHaqyu.

Memodsi: B cmambe ucnonb308aHbl KOMGUHaMOPHbIe PacCyx-
OeHus.

Pesynbmamel: Yxxe useecmHoe moxdecmeo 6bir1o rnosy4eHo ¢
MOMOUWbH0 HOB020 KOMBUHAMOPHO20 PaccCyXOeHUs.

Bbigo0bi: Hosoe kombuHamopHoe paccyx0eHue rnpuserio K pe-
WEHUI0 yXXe cyulecmsyrowe2o moxoecmea.

Knrouessie crnoea: HYucna @uboHayqu, KoMbuHamopuka.
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OBJIACT: matemaTtuka
BPCTA YJTAHKA: opurnHanHu HayyHu pag

Caxemak :

Yeo0/uurb: Y ogom pady npedcmassbeH je Ho8 KoMOUuHamop-
Hu doka3 eeh nocmojehee suwecmpykoz 3bupa, suWECMpPyKUX
buHOMHUX KoegpuyujeHama udeHmumema Koju je y eesu ca ®u-
boHa4qujesum 6pojesuma

Memode: Kako 6u ce dowiso 0o pe3ynmama Kopucmu ce KOM-
buHamopHO pe3oHoBaH-e.

Pesynmamu: [obuja ce eeh nosHamu udeHmumem kopuuwihie-
HEM HOB02 KOMOUHaMOPHO2 PE30HO8aH-A.

Bakrbyyak: Hogo kombuHamopHO pe3oHoear-e 00o8ero je 3o pe-
werba seh nocmojehee udeHmumema.

KrbyyHe peuu: @uboHadujesu bpojesu, kombuHamopuka.
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FIELD: Mathematics, Computer sciences, Telecommunications
ARTICLE TYPE: Original scientific paper

Abstract:

Introduction/purpose: The problem of efficient distribution of crypto-
graphic keys in communication systems has existed since its first days
and is especially emphasized by the emergence of mass communica-
tion systems. Defining and implementing efficient protocols for symmet-
ric cryptographic keys establishment in such circumstances is of great
importance in raising information security in cyberspace.

Methods: Using the methods of Information Theory and Secure Multi-
party Computation, protocols for direct establishment of cryptographic
keys between communication parties have been defined.

Results: The paper defines two new approaches to the problem of estab-
lishing cryptographic keys. The novelty in the protocol defined in the se-
curity model based on information theory is based on the source of com-
mon randomness, which in this case is the EEG signal of each subject
participating in the communication system. Experimental results show
that the amount of information leaking to the attacker is close to zero. A
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EEG and symmetric key establishment, project code: P-164
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novelty in the second case, which provides security with keys at the level
of computer security by applying Secure Multiparty Computation, is in
the new application field, namely generation and distribution of symmet-
ric cryptographic keys. It is characteristic of both approaches that within
the framework of formal theories, it is possible to draw conclusions about
their security characteristics in a formal way.

Conclusions: The paper describes two new approaches for establishing
cryptographic keys in symmetric cryptographic systems with experimen-
tal results. The significance of the proposed solutions lies in the fact that
they enable the establishment of secure communication between comu-
nication parties from end to end, avoiding the influence of a trusted third
party. In that way, the achieved communication level security signifi-
cantly increases in relation to classical cryptographic systems.

Key words: symmetric cryptographic key, key establishment, source of
randomness, advantage distillation, information reconciliation, privacy
amplification, secure multiparty computation.

Introduction

The rapid development of communication and network technologies as
well as technological advances in the design and implementation of mi-
croprocessor devices has led to information and communication connec-
tivity of a large number of heterogeneous devices resulting in the creation
of intelligent systems capable of monitoring and managing complex pro-
cesses. Communication connectivity based on Internet infrastructure and
protocols enables the establishment of complex management network sys-
tems, such as Wireless Sensor Networks (WSN) and the Internet of Things
(loT). This kind of progress brings the comfort of everyday life by advancing
many technological and life processes through smart cities, autonomous
vehicles, robotics and intelligent robot behavior (Mohamed, 2019; Atlam
et al., 2018). In this way, a symbiotic community of people and machines
is formed - Cyberspace. In this context, information security has a very
important role in maintaining the integrity and privacy of data because their
disruption in such an integrated world can cause serious damage, even
to the level of general disaster (Ziegler, 2019; Mahmood, 2019; Banday,
2019). Therefore, in addition to security mechanisms built into Internet
protocols, additional security mechanisms are used in devices and sys-
tems themselves to prevent external induction of their unwanted behav-
ior. Almost all security mechanisms are realized by applying cryptographic
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methods based on cryptographic algorithms and their cryptographic keys.
Accordingly, the basic precondition for the reliability of the created secu-
rity mechanisms essentially depends on the quality of the designed cryp-
tographic algorithms and the quality of the generated cryptographic keys.
Each of these topics, the design of reliable cryptographic algorithms and the
generation and management of cryptographic keys, represents an exten-
sive research area. Techniques for efficient generation and management
of cryptographic keys have been the subject of research throughout the
history of cryptology, and the need to establish a high level of security in
cyberspace has further emphasized this issue.

Managing cryptographic keys involves control over their life cycle. The
life cycle of cryptographic keys assumes their generation, storage, imple-
mentation, activation, use, deactivation, revocation and destruction. In this
process, the processes of generation and distribution cryptographic keys
are of essential importance. The basic assumption of the quality of crypto-
graphic solutions is that cryptographic keys are generated in a completely
random way and that the parties intended to protect communications come
into their possession in a way that prevents unauthorized parties from ac-
cessing their content. Until the beginning of the 1980s, classical cryptology
was focused on a direct or centralized way of managing cryptographic keys:

* Direct way of exchanging cryptographic keys when protected

communication actors exchange cryptographic keys in direct contact,
Figure 1.

Ak » B

Figure 1 — Cryptographic key delivery by direct contact
Puc. 1 — lNepedaya Kpunmoepaghu4decKux Kiodel rnymem rpsiMo20 KoHmakma
Crniuka 1 — PasmeHa Krby4yesa y OUPEeKMmHOM KOHmMaxkmy

» The Center for Distribution of Cryptographic Keys can function in
several different forms:

— Predefined communication network and cryptographic keys when
the communication network is defined in advance, who can com-
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municate with whom, and each participant in communication is
assigned a set of predefined cryptographic keys.

— Predefined communication network and assignment of crypto-
graphic keys on request when a member of the communication
system marked as A wants to protect his communication by a
symmetric cryptographic algorithm with another member of the
system marked as B. The initiator of the communication A ad-
dresses the Center for Generation and Distribution of Crypto-
graphic Keys T, with the requirement for cryptographic key to
communicate with B. The key assignment scenario is as follows:

1
KDC
d g
& 8
& & )
v %
B A B

Egra( Kap)
(@ (b)

Figure 2 — Models of the cryptographic key delivery by the Key Distribution Center
Puc. 2 - Modenu riepedayu Kpunmoepaghudyeckux Krr4vel Yyepes LleHmp
pacripedenieHusi Kpurnmozpaguyeckux Kiodel
Cnuka 2 — Modernu ypy4dera KpurnmoepagCKux Kibydesa npeko Llenmpa 3a
oucmpubyyujy KpunmozpaghCcKux Kibyvyeea

1. T generates a cryptographic key for the communication A
and B denoted K 45.

2. Then T form the ciphers Ek,, (Kap) and Ex,, (KaB) .

3. The generated ciphers are delivered to the parties A and
B, according to the agreed protocol, Figure 2

* Predefined communication network and forwarding of crypto-
graphic keys when a member of the network, A, creates a crypto-
graphic key K 45 and cipher E,, (K4p) and forwards it to center T
with a request to forward it to the user B. The Center T" deciphers the
received message, forms Ex, . (K4p) and forwards it to B, Figure 3.
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Figure 3 — Models of the Key translation center functioning
Puc. 3 — Modenu ¢yHKUyuoHUposaHus LijeHmpa nepedadyu Kpurnmoapaguyeckux
Krodel
Cnuka 3 — Modernu ypydersa KpurimoepaghCKux Kibydesa npeko Llenmpa 3a
MPeHoc KpunmozpaghCKux Kiby4yesa

A more detailed overview and analysis of centralized systems for gener-
ating and distributing cryptographic keys can be found in (Menezes, 1997).
With the emergence and expansion of mass communication networks,
and the need for information security, the centralized model of managing
cryptographic proved to be inadequate. There are several reasons for this:

* Initial establishment of the system implies the distribution of crypto-
graphic keys to users by the center for the generation and distribution
of cryptographic keys in a secure manner (Trusted third party). In the
initial phase when there are no secure data exchange channels, this
is usually reduced to courier delivery of the subject keys, which in the
case of mass networks, from the point of view of communication vol-
ume and number of participants, is uneconomical and inefficient.

+ Achieving agreement on a single central entity for the generation and
distribution of cryptographic keys is not realistic to expect according
to required and necessary operational capacity as well as user needs,
n? problem.

* A special issue is the realization of universal trust in the hypothetical
center for the distribution and generation of cryptographic keys, which
is, after all, the value attitude of each individual user. In today’s world,
which is divided over many issues, it is difficult to agree on a common
high level of trust in one such entity and ways to control it.
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» Attempts to the problem relaxation have led to the creation of com-
plex hybrid models that have induced the creation of complex organi-
zational structures resulting in demanding administration and mainte-
nance procedures.

Searching for more efficient and comfortable solutions in the late 1970s,
protocols for establishing cryptographic keys based on asymmetric crypto-
graphic algorithms were discovered. The security of asymmetric crypto-
graphic algorithms that are in mass use today is based on ignorance of ef-
ficient computer algorithms for factoring natural numbers, solving discrete
logarithms and related problems. The theory of complexity of computer
algorithms for this group of problems has no provable lower limits of com-
plexity for algorithms that solve the mentioned problems, and accordingly
their security cannot be absolute. Therefore, itis considered that this class
of cryptographic protocols belongs to practically secure cryptographic al-
gorithms, but there is no formal evidence for that. On the other hand, it
has been shown that these problems are effectively solved in the quantum
computer model of computation and therefore their security and usability
is lost with the realization of quantum computers. In the early 1980s, ideas
began to be developed to define protocols for which it would be possible
to formally prove the level of security they provide to their users in rela-
tion to available computing resources, similar to Shannon’s OTP encryp-
tion system. Researchers focused on the construction of protocols with the
following properties:

— Elimination of the trusted third party from the process of creating and
distributing cryptographic keys, which results in the possibility of es-
tablishing individual secure "end to end” communication systems.

— For defined protocols, formal security models can be formed and theo-
retical conclusions can be drawn about the achieved level of security,
while eliminating the need for the existence of the trusted third party.

In this context, two formal models of security of cryptographic solutions
stand out:

1. Security model based on Information Theory

2. Security model based on Theory of computability and algorithm com-
plexity
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Information theoretically secure protocols for key estab-
lishment

In his seminal papers (Shannon, 1948a,b) Shannon defined the con-
cept of cryptographic security using Information Theory and formulated the
concept of absolutely secure cipher systems. Shannon’s formulation did
not need to take into account possible attacks and the power of a potential
attacker for the simple reason that the security of cryptographic algorithms
as defined by Shannon implied unlimited computing power of the attacker.
In the case of cryptographic key protocols, the situation is somewhat more
complex and the attacker’s ability to access the messages exchanged by
the protocol, the way in which it can affect protocol execution, and the abil-
ity to reconstruct the cryptographic key obtained by the protocol must be
considered.

The first works on this topic appeared in the second half of the 1970s
(Wyner, 1975; Maurer, 1993; Ahlswede & Csiszar, 1993) with the idea that,
during the execution of the protocol illegitimate protocol observers who
have access to exchanged messages cannot collect the necessary amount
of information about the established cryptographic key with the aim of its
restoration in an efficient manner. Over time, the importance of this type
of protocol for establishing cryptographic keys has been recognized, and
with the increase in security requirements in cyberspace, more and more
attention has been paid to them.

The basic model of the environment in which protocols of this type are
defined and analyzed is given in (Maurer, 1993). According to the sym-
bols common in the literature, the environment in which the protocol takes
place is defined in the following way. Alice and Bob are actors who want to
achieve mutual protected communication using a symmetric cryptographic
algorithm, and for that they need a common secret key. Eve is curious and
interested in the information that Alice and Bob exchange and she knows
the protocol according to which they exchange messages and the crypto-
graphic algorithm they will use. The only way Eve can access Alice and
Bob’s information, provided the applied cryptographic algorithm is safe, is
to somehow get their cryptographic key. It is assumed that Eve has an in-
sight into all the messages that are exchanged during the protocol between
Alice and Bob. Based on the information gathered, Eve tries to reconstruct
the cryptographic key that Alice and Bob perform after the protocol is com-
pleted. The initial data, the strings of symbols, which are used in the exe-
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cution of the protocol for establishing the cryptographic key Alice, Bob and
Eve get in the following way. In a common source, a series of symbols is
generated by some random process, denoted by U" = {uj,u,...,un},
through independent binary symmetric channels of known characteristics
are sent to Alice, Bob and Eve who register them as strings of symbols
X" = {x, 22, 20}, Y™ = {y1,92,- ., ynt, 2" = {21,22,...,2n} TE-
spectively. The model is shown in Figure 4.

Common Random Source

”/ Zn* \\
n ’/' ‘\\
X Eve T
KA‘—| Alice Bob Ky

Public Channel

Figure 4 — Model of the execution environment for the Information theoretic
based symmetric key establishment protocol
Puc. 4 - N30bpaxeHue cpedbi 8bINOIHEHUS MPOIMOKOa yCmaHO8IeHUs
KpurnmozpaghuyecKux Krrodel 8 paMkax meopemuko-uHhopmayuoHHOU Modenu
Cnuka 4 — pachuyku Npukas OKpyxera u3epliasar-a npomokorsna 3a
ycmaHossrbasare KpurmoepagcKux Kiby4yesa y UHGhopMayUOHO-MeoPemcKom
modeny

The result of the protocol execution is to obtain a series of symbols
K4, Kp, with the objectives:

1. The probability that the resulting arrays are equal, P (K4 = Kp), is
close to unity. At the end of the protocol, a procedure, which does
not violate the security of the process, can be performed to determine
this equality, and the resulting symbol string is denoted by K™(™ =
K4 = Kp where m (n) is the length of the string symbols obtained
after the protocol execution.

2. The protocol is safe from the point of view of the obtained key, K™,
in the sense that Eve is not able to reconstruct the value of K™(™)

611

Galis, M. et al, Protocols for symmetric secret key establishment - modern approach, pp.604-635



Eﬁ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2022, Vol. 70, Issue 3

which is expressed by
I (Km(">, Z") —0. (1)

This condition has proven to be quite limiting in practice and its some-
what weaker variant expressed with

lim T (Km<”>, Z”) —0. )

n—o0

where n is the length of the initial string of symbols.

Condition (2) essentially means that Eve has the information about
K™™) but it is not enough to effectively approximate or reconstruct the
key K™ In this way, the computing and algorithmic power that Eve has
is abstracted, similar to the definition of the security of cryptographic algo-
rithms in Shannon’s book, (Shannon & Weaver, 1963).

General structure of the information theoretically secret key
establishment protocols

According to the functional model shown in Figure 4, the protocol takes
place in several steps. In the first step, a common source of randomness
generates a series of random symbols U™ = {uj,us,...,u,} which by a
discrete symmetric communication channels without the memory of known
characteristics, Pyy z, forwards to Alice, Bob and Eve who register them as
strings of symbols X™, Y™, Z" respectively. In the described communica-
tion channel (Pxyz, X", Y™, Z™) errors can occur during transmission, in
the general case the sequences X™, Y, Z™ are different from each other.
In the next phase, Alice and Bob exchange messages via a public authen-
ticated channel to detect parts of the initial set of symbols that are common
to them. The way of communication is constructed so that the similarity of
their symbol strings increases and the similarity of Eve’s string of symbols
with Alice’s/Bob’s string of symbols either does not change or decreases
despite the known content of the exchanged messages. A measure appro-
priate to the situation is taken as a measure of similarity, most often Ham-
ming’s distance. This phase is called advantage distillation. After that, in
the third phase of the protocol, Alice and Bob exchange messages through
a publicly authenticated channel that allows them to extract identical parts
in their symbol strings and thus arrive at a string of symbols that is common
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to both. Here, too, it is understood that Eve’s knowledge of the obtained
common set of symbols does not increase. This phase is called the phase
of Information reconciliation. In the final part of the protocol, Alice and
Bob construct a common symmetric key by applying a pre-agreed publicly
known function to the derived common symbol string, and this step is called
Privacy amplification.

Common randomness source sequence distribution

The primary requirement in the process of generating cryptographic
keys is that the created cryptographic key has maximum entropy in relation
to its length and that the entropy of the plain text messages is not greater
than the entropy of the space of possible keys. Systems that meet this
condition are known to be secure against an attacker with unlimited com-
puting resources (processor speed, memory, power). This includes the
attacker’s approach to quantum computers. Probability theory and mathe-
matical statistics have developed techniques by which realizations of ran-
dom variables with different probability distribution functions under certain
conditions can be transformed into realizations of random variables with
uniform distribution. With this in mind, the idea of an information-theoretical
approach in this context is to identify and extract equal parts with sufficiently
high entropy from two mutually correlated signals. According to the nature
of the randomness sources used in this phase, we distinguish two models:

1. Random processes that are not connected to the communication
channel - source model, such as in (Galis et al., 2021).

2. Random processes related to the communication channel model are
used as a source of randomness, such as in (Maurer, 1993).

Advantage distillation phase

In accordance with the model shown in Figure 4, we can consider that
the binary symmetric channels through which Alice, Bob and Eve get their
strings X™, Y™, Z™ are mutually independent and characterized by error
probabilities p4, pp,and pg respectively with 0 < pa,pp, pe < % For prac-
tical applications, the relevant situation is when 0 < pr < min {pa,pn}.
In this context, it can be considered that Alice sends her symbol string X™
through a binary symmetric channel to Bob who receives it as a string Y
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with an error probability

pap = P(zi #yi) =

=P(xi#vyi lwi=w) Pxi=w)+P(xi £y |z #ui) - P(z; # u;)

=Py # wi) - P (i = ui) + P(yi = wi) - P (i # wi) = 3)

=pp-(1—pa)+ (1 —pB) pa
The relationship between Alice’s and Eve’s set of symbols is observed in
the same way, and the probability of error in that binary symmetric channel
is given by

paz =pz- (1 —pa)+ (1 —pz)-pa (4)

The aim of this part of the protocol for Alice and Bob is to exchange mes-
sages via a public authenticated channel and to select subsets of symbols
from X™ Y™ where the error will be less than (3) without revealing too

much information to Eve and the error in her channel will not be less than
(4). Below we will describe the most commonly used protocols of this type.

The repetition code advantage distillation protocol (RCAD) This pro-
tocol is described in (Maurer, 1993; Bloch & Barros, 2011; Tan et al., 2020).
For the selected segment of the initial bit string of the length N, Alice ran-
domly generates the bit » (P (r = 0) = P (r = 1) = })) and the code word

N
RN = (’r, T, r> Then she calculated

XN+RN:(r+x1,’r+x2,...,r—|—xN)

and the resulting vector is sent to Bob. Upon receiving Alice’s message,
Bob calculates

YN+ XV 4 RY = (yy+r+a,ya+r+ a0,y + 7+ aN)

N

If as a result Bob gets | 7,7, ...r | where r € {0, 1} he assumes that his and

Alice’s sequences coincide. Bob in response to Alice sends the bit F

N
1 Bob gets (r, T, r)

0 otherwise

F=
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If ¥ = 1, that sequences are considered equal on both sides and partic-
ipate in the construction of a new bit string, otherwise that bit sequence
is omitted from the further process. The value of the parameter N is de-
termined according to the situation and optimized so that the probability of
matching is maximal and the level of information leakage to Eve is minimal.
It can be shown that, on the accepted segments after the end of the RCAD
protocol, the next statements are valid, (Bloch & Barros, 2011; Wang et al.,
2015):

1. On the accepted segment of the length N between Alice and Bob the

error probability is

N
pREAD _ (PaB)
W+ (1—pap)™

(PAB
and pp is the probability of error on the segment of the length N
before starting the protocol execution.

2. Since XV + RY is transmitted through a public channel, Eve can
calculate ZV 4+ XV + R" and then the error between Eve’s and Alice’s
segment is expressed with

N
1 N
pig'’ = N > <w> Puw
1

a0+ =)

v|Z

where p,, is probability that vector of length N has Hamming weight
w.

3. Data remaining efficiency, as a quotient between the length of the
initial string and the length of the string obtained after the protocol
execution, is given with the next equation (Wang et al., 2015)

)N

~ (pap)N + (1 —pan
)= N
The significance of this solution lies primarily in the fact that the possi-
bility of implementing secure protocols for establishing cryptographic keys
from the Information theory point of view elimination of trusted third parties
has been demonstrated in a constructive way. The main drawback of this
protocol lies in the fact that in the case when pg is significantly less than
pa, pp itis quite inefficient in terms of the length of the derived key. A more
efficient variant of this protocol is described in (Maurer, 1993).

AD
1EGYP (pas
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The bit pair iteration advantage distillation protocol (BPIAD) The
BPIAD protocol is an iterative protocol that, starting from the initial bit strings
X™ Y™ in each iteration, generates a sequence for the next iteration. The
result of the last iteration is processed in the next stages of the key estab-
lishment protocol. The following steps are performed in each iteration of
the AD protocol, (Wang et al., 2015):

(1) Inthe s—th iteration Alice and Bob have strings of symbols of the length
ns bits and form blocks of two consecutive bits.

(2) Alice computes the parity bit for each block
{Xoi41® Xo5,i=0,1,...,|% |} and send them to Bob.

(3) Bob computes his parity bits {Y2;11 ® Ya;, i =0,1,...,|% |} and com-
pares them with Alice’s parity bits. For every i for which is X511 @
Xo; # Yoi11 P Yo, pairs Xo; 11, Xo; and Ya, 11, Yo; are removed from the
further process. In the case that Xo;11 ® Xo; = Y241 @ Yo; bit Xo;11
is included in Alice’s string and bit Ys; 4 is included in Bob’s string for
the next iteration s + 1.

It turns out that it is at the end of the s—th iteration, (Wang et al., 2015):

25
pﬁlglAD _ (PABU)
s T 2 2

(paB,)” + (1 —pag,)
pAEIAP = pREIAP (5)

2 2

RCAD (paB,)” + (1 —pag,)

pap,~ (pap,) = s °

The analysis of the described protocol and the results given in (5) concludes
that the number of iterations depends on the size p4p, and that with its
increase the required number of iterations increases so that the symbol
strings obtained in this phase can be productively used in the following,
pRETAD < pBETAD ‘Also, the protocol is extremely inefficient in terms of the
ratio of the lengths of the initial and obtained bit strings, because according
to the third equation in (5), the length of the obtained bit string decreases
exponentially with the number of iterations.

The bit pair iteration advantage distillation/degeneration protocol
(BPIADD) The fact that during the BPIAD protocol the probability of er-
ror in Eve’s bit string remains constant during the execution of the protocol
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remains constant, the second equality in (5) indicates the possibility of in-
creasing Eve’s capacity to obtain more information about Alice’s bit string
during the next protocol phase. In order to reduce these possibilities and
provide more favorable initial conditions for the next phase, Information rec-
onciliation, the BPIADD protocol is defined as follows, (Wang et al., 2015):

(1) Alice computes A, = Xor_1 ® Xor k =1,2,...and sends A, to Bob.
(2) Bob computes B, = Yo, 1 @ Yor, k= 1,2,...and sends By, to Alice.
(3) Forevery k =1,2, ... the following procedure is performed:

— If Ay # By then Alice deletes Xo;_1, X9 from X and Bob deletes
Y51, Yo, from Y.

— If A, = By, then Alice checks if X5, = 1. If it is, then she deletes
Xs5.—1 from X and if not, she deletes X5, from X. Bob does the
same in the case of the string Y.

It turns out that after the first iteration of this protocol, the following rela-
tions are valid (Wang et al., 2015):

2
1 (paB,)
BPIADD
PAB, =< . 5 < DAB,

2 (pag,)’ + (1 —pan,)

PAE,
pan! ADD — — +pag, (1 —pag,) > pag, (6)
(pap,)’ + (1 —pap,)’
15522 (pas,) =

2

From the first and second expressions in (6) it is clear that the error in the
Alice and Bob’s sequence decreases monotonically and the error in the
Alice and Eve’s series increases monotonically. By applying the protocol
in several iterations using (6) we get that in the s—th iteration in order, the
following is valid:

2
AI;IEIADD _ L (pABS_l)
’ 2 (PABH)2 + (1= paB,_,)

D) < PAB._,

PRRIAPD = PRt i (1=pas.,) >pap, (D)
2 2
PAB,_, + (1 - PAB,._,
WGP (pap, ) = Am) FLZPAm)
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In this way, the difference between Eve’s and Alice’s string becomes large
enough and the difference between Alice’s and Bob’s string becomes small
enough that the process of information reconciliation and the amount of
information that leaks to Eve during it does not have a significant impact
on the derived cryptographic key.

Information reconciliation After completing the previous phase, advan-
tage distillation, Alice and Bob have reached a situation where they have
an advantage over Eve in terms of the amount of mutual information about
their bit strings. In this phase of the protocol, Alice and Bob’s goal is to use
an authenticated public channel for communication to exchange informa-
tion that will allow them to correct any differences in the current bit strings
they formed during previous phases of the protocol. All messages ex-
changed through the public channel are also available to Eve. The more in-
formation Eve can extract from this communication imply the shorter length
of the secret key at the end of the process.

The first such protocol is described in (Bennett et al., 1992). From the
point of view of mass application and efficiency, several widely used solu-
tions have crystallized:

* In practice, the CASCADE protocol defined in (Brassard & Salvail,
1992) is widely used today. The protocol is iterative in its nature and
in the i—th iteration it takes place in the following way. According to a
pre-agreed permutation, Alice and Bob permute X" Y. The resulting
bit strings are divided into blocks of length k; bits. Alice calculates
the parity bit for each of her blocks and sends them to Bob. Bob
compares Alice’s parity bits to his parity bits on matching positions.
If there is a discrepancy between Alice and Bob’s parity bit for some
block they apply the binary search algorithm on that block and the ex-
change additional parity bits for some sub-blocks of the current block
with the aim to detect an incorrect bit. Upon incorrect bit detection,
Bob changes its value. Bob then analyzes the effect of the changed
bit on the previous iterations and eventually detects and corrects pre-
viously masked errors. This procedure is repeated for each block of
bits that does not agree with Alice’s corresponding blocks. Since all
blocks in this iteration are processed, the next iteration is taken with
ki1 = 2 k;. The initial choice of the block length, k1, is critical for the
efficiency of the algorithm. Many papers have dealt with experimental
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and theoretical analyses of this problem in order to achieve an optimal
performance (Bennett et al., 1988; Cachin & Maurer, 1997; Carleial &
Hellman, 1977; Csiszar & Korner, 1978). Sugimoto and Yamazaki
in their papers (Sugimoto & Yamazaki, 2000; Yamazaki & Sugimoto,
2000) defined certain modifications of this algorithm and showed that
such a modified protocol has a performance close to the theoretical
limits of efficiency. He also confirmed that four iterations are enough
to reconcile the values of bit strings. On the other hand, the commu-
nication complexity of the protocol during the execution can be great,
which results in a small length of the obtained string in order to mini-
mize the amount of information that Eve has.

The Winnow protocol is introduced in (Buttler et al., 2003) with the aim
of reducing communication complexity by eliminating the use of a bi-
nary search algorithm for error detection and correction. The author’s
idea is to use Hamming’s error detection and correction code to cor-
rect errors. Both sides, Alice and Bob, split their bit strings into blocks
of equal length. Two corresponding blocks are denoted by M, and
M, and their syndromes, S, and .S;, are calculated using the genera-
tor matrix G and the check matrix H, G - HT = 0. Alice sends Bob S,
who calculates S; = S, @ S,. If S; = 0 then M, and M, are consid-
ered equal, otherwise Bob transforms M, by changing the minimum
number of positions and recalculating S, for such a modified block to
get S; = 0. Analyses have shown that from the point of view of exe-
cution speed, achieved string length and security characteristics, the
protocol has good performance with appropriate p4p, (Elkouss et al.,
2009; Buttler et al., 2003).

The aforementioned protocols do not consider the situation when
there are significant limitations in the communication environment
in terms of loss of communication packets, limited time for protocol
execution and limited communication and computational complexity,
for example in satellite connections. Gallagher’s Low Density Par-
ity Check Codes (Gallager, 1962) were candidates for such environ-
ments as a promising solution. In this context, LDPC codes were first
mentioned in (Elliott et al., 2005). The advantage of LDPC codes in
these applications is that they provide low communication complexity,
inherent and pronounced asymmetry in terms of computing resources
of communication parties.

619

Galis, M. et al, Protocols for symmetric secret key establishment - modern approach, pp.604-635



Eﬁ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2022, Vol. 70, Issue 3

Decoding LDPC codes requires more computing and memory re-
sources than the Cascade and Winnow protocols but its significance
is in communication resources and complexity reduction as it requires
only one message to be exchanged. In resource-constrained net-
works, this feature provides a significant advantage in achieving large
gains in execution time and security.

Other ideas in this context have emerged recently. One of them is the
application of neural networks in the process of error correction during this
phase of the protocol. (Niemiec, 2019).

More details on this topic with an exhaustive list of references can be
found in (Bloch, 2016; Mehic et al., 2020; Gronberg, 2005)

Privacy amplification

This is the last phase in the process of the protocol which is carried out
by Alice and Bob in order to obtain a cryptographic key that is information-
theoretically secure in relation to Eve. At this point, Alice and Bob have
a string of bits in common and know the estimate of the upper limit of the
amount of information Eve has about that string. Nevertheless, Eve’s in-
formation shows that Alice and Bob can extract from their strings a certain
string of bits S, about which Eve knows nothing or

I(Sap,SE)=0

where Sg is Eve’s version of S4g constructed based on the information
Eve collected. Eve knows that Sxp # Sg but does not know in which posi-
tions the sequences differ. Using the publicly known selected appropriate
deterministic function f, Alice and Bob calculate the required cryptographic
key as k = f(Sap). Knowing the function f and Sg does not provide any
knowledge to Eve about k because she does not know how the errors from
Sk spread during the calculation of f and affect its result. Consequently,
f (Sg) does not give any information about & to Eve.

Precise formalizations and proofs are based on the notion of Rényi en-
tropy and its derivatives, collision entropy and min-entropy.

Detailed references to protocols and formalizations can be found in
(Bloch, 2016).
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The common source of randomness choice

The previously described process of cryptographic keys establish-
ment implies that Alice, Bob and Eve get their initial strings of symbols
X", Y™ Z" from a common source of randomness as shown in Figure 4.
This generally implies the participation of a trusted third party in the process
itself. The level of communication security is increased when it is possible
to eliminate the influence of the trusted third party and achieve protection
of communication between Alice and Bob by controlling the generation of
cryptographic keys and using proven cryptographic algorithms. One of the
first examples of this communication protection type was the Quantum key
exchange protocol (QKD) BB84, (Bennett & Brassard, 1984). An inter-
esting and in some ways biometrical oriented approach is described in the
works (Milosavljevi¢ et al., 2018) and (Galis et al., 2021). The authors used
digitized recorded electroencephalogram (EEG) brain signals as a source
of randomness for Alice and Bob during identical mental activities, looking
at the image of the White Angel in (Milosavljevi¢ et al., 2018) and during
the Wisconsin Card Sorting Test (WCST) in (Galis et al., 2021). Intuitively,
Alice’s and Bob’s brain is stimulated by the same input stimulus but due
to individual physiological differences it is registered as correlated but dif-
ferent and independent signals, for example in the case of an image the
general image content is the same but color perceptions, physical dimen-
sions and other characteristics may differ. So the digitalized form of Alice’s
EEG becomes X" and the digitalized form of Bob’s EEG becomes Y. In
that situation, Eve has no information about X", Y™ and her only possibil-
ities may be:

1. To be able to recognize in a set of registered EEG signals on the
same stimulus, which does not contain Alice’s and Bob’s EEG, the one
closest to them, measured by the Hamming’s metric - Strong Eve

2. Thatthe set of registered EEG signals includes both Alice’s and Bob’s
EEG, but that Eve does not know the identity of the person from whom the
EEG signals originate - Medium Eve

3. Eve has no information about Alice’s and Bob’s EEG signal, but she
knows the process for obtaining it and the device for recording and digitizing
it - weak Eve.

In (Galis et al., 2021), the authors used 76 of EEG signals from differ-
ent individuals during WCST. For all registered samples, the previously
described procedure of performing cryptographic keys in the information-
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theoretical model, advantage distillation, information reconciliation, private
amplification was performed. A summary of the results is given in Table 1.

Table 1 — Experimental results of cryptographic keys establisment using EEG
Tabnuya 1 — 3kcrniepumeHmarnbHbie pe3yribmambl co30aHus
KpunmozpagbuyecKkux Krroyel rpu ucronb3osaHuu 33
Tabena 1 — EkciepumeHmarnHu pe3ysimamu ycriocmaesbara Kpurnmoapag@ckux
Krby4desa npumeHom EE-a

Type of Eve Strong Medium Weak

. 1301.55 1290.53 1301.76

Established key length +£502.16 | +£496.85 | <+ 502.44
Efficiency 4.79% 4.75% 4.79%

. . 0.4997+ 0.5005+ 0.4999+
Hamming distance(A,E) 0.0147 0.0149 0.0147
Successfully established pairs 100% 100% 100%

The table shows the results in relation to the assumed strength of Eve.
The second row labeled Established key length shows the mean length
value and the standard deviation of the established cryptographic keys
lengths in the (76 - 75)/2 implemented protocols. The third row shows the
efficiency of the applied protocols expressed as the ratio of the length of
the obtained cryptographic keys and the length of the initially used string.
At first glance, it seems that the efficiency is small and unsatisfactory, but
the length obtained, on average over a thousand bits, is many times higher
than the currently accepted standards for cryptographic key lengths of se-
cure symmetric cryptographic algorithms. The fourth row shows the Ham-
ming distance between the keys obtained by Alice and Eve at the end of
the process, normalized by the length of the key obtained, and the table
shows that this value is practically 0.5, which is a characteristic value for
independent and randomly generated arrays. In the end, the table shows
that the procedure was successful in all cases in which it was carried out.
In addition, it should be noted that the obtained sets of cryptographic keys
were tested by the NIST package to check the randomness of the data and
all requirements were met.

A full description of the basic idea, methodology, applied protocols and
experimental results can be found in (Galis et al., 2021).
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Computationally secure protocols for key establishment

With the expansion of information and communication systems, the dis-
tribution of cryptographic keys in a centralized way through a trusted third
party has become a bottleneck in achieving security in the information and
communication world. The first solutions that reduced and relatively elim-
inated this problem were defined in the second half of the 1970s with the
discovery of asymmetric cryptographic algorithms, electronic signature and
digital envelope techniques (Diffie & Hellman, 1976; Rivest et al., 1978;
Menezes, 1997). However, such solutions assumes the existence of an
infrastructure for generation and management of cryptographic keys for
asymmetric cryptographic systems and digital certificates based on them
(Public Key Infrastructure -PKI). This enables the introduction of digital
identity in the digital world. This, in turn, means involving a trusted third
party in the process of establishing cryptographic keys. Today’s trend in
the protection of messages in information and communication traffic is the
creation of direct secure channels between the parties in communication
and the development of techniques for establishing cryptographic keys di-
rectly between them in a secure way.

The first reflections on the protocol for secure decentralized computing
of functions are presented in (Yao, 1982). The described approach consid-
ers the possibilities for defining a protocol by which n participants denoted
by P; and each has a private data z; : = 1,2,...,n for a given function f

calculate the value (y1,y2,...,yn) = f (z1,22,...,2z,) in such a way that:
1. After protocol execution, the generated value (y1,¥2,...,yn) is the
exact value of the function f for the arguments (z1,z»,...,z,) and

each participant P, received them as a result.

2. After protocol execution, each participant P, knows only
(y1,%2, - - -, Yn), z; and nothing else.

3. Some participants in the protocol may behave maliciously in relation
to the protocol in order to obtain information or influence the outcome
of the protocol.

A graphical presentation of the Secure multiparty protocol is given in
Figure 5.

Secure multiparty computing can be fully formally described thus cre-
ateing a formal theory within which it is possible to infer conclusions about
the security features of the created protocols in a logically based way.
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Figure 5 — Graphical presentation of the secure multiparty protocol
Puc. 5 - Ipagbuyeckoe npedcmaerneHue rpomokosna 6e3onacHo20
MHO20MapmuliHO20 8bIYUCIIEHUS]

Cnuka 5 — paghuyku npukas 6e3bedHoe KoornepamusHo2 padyHara

This formalization first defines the characteristics of network channels
through which messages are exchanged during the execution of the proto-
col. Channels by their nature can be public, when the attacker has access
to the content of messages but cannot change them, and private, when
communication between each two participants is protected. As for the at-
tacker, depending on the communication channel on which the protocol
takes place, all messages can be available to him when the channel is
public or only those received from malicious participants when the chan-
nel is private. According to the received messages, the attacker is passive
when only by analysing the received messages he tries to reconstruct infor-
mation inaccessible to him, or active when he can influence the malicious
participants in the protocol available to him. In the case of an active at-
tacker, his behavior does not have to be uniform, but he can adapt to the
development of the situation during the execution of the protocol, and then
he is called an adaptive active attacker. Some protocol participants under
the influence of an attacker may behave in a way that affects the execution
of the protocol and the types of such behavior can be described exactly.
The protocol is considered safe if conditions listed on page 623 are met.
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An interesting question is how to define security in a formal way. The idea
is as follows.

By protocol history, we mean a collection of all non-private data used
and constructed during protocol execution in an environment. The ideal en-
vironment is an abstract construction consisting of simulator S, a functional
mechanism for executing protocol instructions that calculates f, and the at-
tacker. All activities in an ideal environment are performed in the correct
way, exactly as defined by the functionalities and protocol. The protocol to
be executed is denoted by 7, the attacker by A4, the protocol execution his-
tory by h and the security parameter by k. Since in an ideal environment,
everything takes place in the right way, security threats and information
leakage cannot be in it. Let us introduce the following two functions

1 h belongs to real world

B, (ks ) = { 0 otherwise

| 1 hbelongs to ideal world
I, a (k1) = { 0 otherwise

Then we say that the protocol = safely calculates the function f in re-
lation to the attacker A if there is a polynomial simulator S for which each
execution with the security parameter &£ and each protocol history i next
inequality is valid

P (Rea (ko h) = 1) = P (L a (k) = 1)] < 7 ®)

p (k)

for a sufficiently large k, where p(k) is an arbitrary positive polynomial. In-
equality (8) essentially means that an attacker is unable to distinguish be-
tween protocol execution in an ideal and a real environment and, conse-
quently, to gather additional information in addition to those already known.
The exact formalization of this concept can be found in (Cramer et al., 2015;
Hazay & Lindell, 2010).

The theory shows that in the case of public communication channels
and the presence of an active attacker, each function f can be safely cal-
culated in the previously stated sense, provided that the number of corrupt
participants ¢ is less than 3. A detailed classification of the possibility of
creating a protocol for secure multiparty computing depending on the type
of attacker and communication model can be found in (Cramer et al., 2015).
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This method is applicable in any situation when it is necessary to calcu-
late a function based on the private information of individual entities so that
the result is accurate and does not compromise the privacy of the entities
private data participating in the calculation. The problem of generation and
distribution cryptographic keys for bilateral or conference secure communi-
cation by its nature completely fits into the class of problems this area deals
with. The model of decentralized generation and distribution of symmetric
cryptographic keys for bilateral secure communication can be described as
follows. The participants P, and P, who want to achieve secure bilateral
communication agree on a symmetric cryptographic algorithm through a
public communication channel and the function f(x,y) which they will use
to derive the desired cryptographic key. Then the participant P, chooses
a random value x; and the participant P, a random value z;, implement-
ing the appropriate protocol for secure multiparty computing, and using it
to compute k£ = f(x1,x2) which they will use for the selected symmetric
cryptographic algorithm for communication protection. The realization of
the system for the automatic establishment of cryptographic keys for sym-
metric cryptographic algorithms begins with the selection of one of the ex-
isting universal protocols for bilateral secure multiparty computing, (Hazay
& Lindell, 2010). The implementation of the selected protocol implies the
existence of the following subsystems implemented:

— System for automated translation of the selected function f into an equiv-
alent vector Boolean function in the algebraic normal form and then
construction of its equivalent Boolean circuit.

— System for automated generation of Yao’s garbled computing system
based on the obtained Boolean circuit.

— System for the implementation of oblivious transfer protocols.

The realization of such a software package resulted in a system for the
direct establishment of cryptographic keys of parties who want to establish
secure communication without the mediation of a trusted third party. For
the security characteristics of the protocol in the bilateral case, the restric-
tions related to the number of malicious participants in the protocol are not
important for the simple reason of the number of participants, two. If at
least one of the participants is malicious, the protocol will not be success-
fully completed and the key will not be established.
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Similarly, this concept can be used to establish the protection of group
communication, such as conference calls or complete video meetings.

Comparative analysis of proposed solutions

By applying the previously described methods, we are able to solve the
problem of secure generation and distribution of cryptographic keys. The
levels of security that the methods offer are different, but they provide a
significant advantage over classical cryptology, the elimination of a trusted
third party. The benefits of eliminating a trusted third party are manifold. In
the first place, the absence of a trusted third party reduces the complexity
of the system and thus reduces the number of potential possibilities for its
compromise, and further simplifies its administration and maintenance. An
additional quality from the security point of view lies in the fact that both
systems can be described in a completely formal mathematical way and
accordingly analyze the defined protocols and make formal claims about
the achieved level of security.

In the Information theory model, it is possible to formally define protocols
that can achieve levels of absolute security for generating cryptographic
keys and that can be used even in Shannon’s OTP system. In this model
of performing cryptographic keys, an additional quality is the fact that the
source of common randomness can be different environments, which in-
creases the application area of such systems.

In the model of secure multiparty computing on public communica-
tion channels, protocols for establishing symmetric cryptographic keys that
reach the level of computer security can be formally defined. This lower
level of security is a consequence of the characteristics of communication
channels and the level of security of cryptographic mechanisms applied in
the implementation of the subsystem oblivious transfer.

Although the described systems offer important, technological and se-
curity improvements in the field of generation and distribution of crypto-
graphic keys, their application in this context is still small. The main rea-
son lies in the complexity of their implementation and demonstrated per-
formance. Conceptually, these solutions have been proven, but great re-
search efforts are being made to find opportunities to improve their perfor-
mance and more efficient implementation in terms of computing resources
(processing power, amount of memory).
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Conclusion

One of the central problems of cryptology, from its inception to the
present day, is the generation and distribution of cryptographic keys for
symmetric cryptographic systems. The centralized system of generating
and distributing cryptographic keys, characteristic of classical cryptology,
has manifested its limitations with the expansion of information and com-
munication systems and their network connection. The increased need for
the application of cryptographic mechanisms in the protection of informa-
tion systems has induced an increase in requirements. This paper presents
two models by which the described problem can be solved in accordance
with the security requirements of modern cryptology. Solutions based on
the above proposals give users complete autonomy and end-to-end secu-
rity protection. The applicability of solutions of this type allows

— Direct establishment of cryptographic keys between communication
sites, people or machines, without the mediation of a trusted third

party,

— Application of secure symmetric cryptographic algorithms in mass com-
munication systems, loT and WSN (UnkaSevi¢ et al., 2019),

— Simplification of the complexity of security systems thus facilitating their
administration, and

— By simplifying the complexity and administration of security systems, fa-
cilitation of their analysis, potential weaknesses detection and, overall,
an in- crease of their security.

The described methods for the realization of direct establishment of
cryptographic keys for symmetric cryptographic systems are in line with
new trends in data protection in order to reduce the possibility of influence
of entities that do not participate in communication directly. The applicabil-
ity of these techniques in IoT and WSN significantly increases the possibil-
ities of raising the level of security in cyberspace. This claim is supported
primarily by the fact that the described methods support cryptographic al-
gorithms with the highest degree of security.
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MPOTOKOJbl YCTAHOBNEHNA CUMMETPUYHbIX
CEKPETHBbIX KIMKOYEW — COBPEMEHHbIV MOOX0[

Meupan Manuc®®, Tomucnas B. YHkalleBu4?, KOppeCnoHAEHT,
3opar Ox. banau?, Munaxd M. Murnocaenesuy®

& NuctutyT BITATAKOM, r. Benrpag, Pecny6nuka Cepbusi
6 YHuepcuteT CuHrngyHym, r. benrpag, Pecnybnuka Cepbus
® Scytale, Tenb-ABuB, Nocygapcteo M3pausb

PYBEPUKA TPHTW: 27.47.17 Matematunyeckasa Teopus
UHdopMaLmm
28.21.19 Teopus KognpoBaHus
50.37.23 3awmTa OT HECAHKLMOHNPOBAHHOIO
poctyna. dusnyeckas 3awmTa
MHdopmaLmm
49.33.35 HapgexxHoCTb ceTen CBA3M U 3alumnTa
UHdopMaLmm
BWO CTATbW: opurinHanbHasa Hay4Hasi cTaTbsi

Pesrome:

BeedeHue/uenb: [lpobnema aghghbekmusHo20 pacrnpedeneHus
Kpunimoepaghuqdeckux Krro4yel 8 cucmemax Ces3u r1osieusnach
yXXe 8 repeble OHU UX CywecmeosaHusl, HO OCOBEHHO OHa
obocmpuracbk ¢ nosierieHUeM cucmem maccosol ces3u. Ornpe-
OerieHue u sHedpeHue 3¢hcheKkmuBHbIX MPOMOKOor08 pacripede-
JleHus Kpunmoeapaghu4decKux Krrodell 8 makux ycrosusix uepa-
em 3Ha4umersibHY0 POJib 8 M08bILEHUU UHGOPMaUyUOHHOU 6e3-
onacHocmu 8 kubepripocmpaHcmee.

Memodni: C nomouwbio Memodo8 meopuu uHgpopmayuu u 6es-
onacHbIX MHO20CMOPOHHUX 8bI4UCIeHUl 6biiiu onpedereHbl
1POMOoKoOJIbI OIS MPSIMO20 yCMaHOoBIeHUS KpUrnmozapagu4yeckux
Krodel mexdy cmopoHamu Cessu.

Pesynsmamebi: B cmambe npedcmasrneHbl 08a HOBbIX MOOXO-
0a K peweHuto rpobrieMbl ycrmaHo8NeHUs1 Kpurmoepagu4ecKux
Kmovel. Hoeswecmeo e npomokorse, onpederieHHOM 8 mMode-
nu 6esonacHocmu, coanacHo meopuu UHhopMayuu, oCHogaHa
Ha ucmoyHuke obuwel cny4aliHocmu, KOmopbiM 8 OaHHOM Crly-
yae sensemcsi cueHan O3l kaxdo2o omdernbHo20 cybbekma,
yyacmeyrouwe20 8 cucmeme ces3u. IKcriepuMeHmarsbHbIe pe-
3ynbmamsl rokasblearom, 4mo obbem uHghopmayuu, nocmyna-
roweli K NpomugHUKY, briu3ok K Hymo. Hoswecmeo 6o emopom
criyqae, obecriequsarowee 6e30MacHOCMb Ko4aM Ha ypoeHe
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KoMrsromepHoli 6e3onacHocmu 3a cHem rpumMeHeHusi be3onac-
HbIX MHO20CMOPOHHUX 8bI4UC/IeHUl MpuU Hanu4yuu HECKOIbKUX
y4acmHUKOB-3/10yMbILUIIEHHUKO8, COOEePXXUMCST 8 HO8OM IPUJIO-
JKeHuU 0dHoUl eblyucriumernsHolU modenu. [ oboux nodxodos
XxapakmepHO mo, Ymo 8 pamkax ¢hopmMarsibHbIX meopuli MOXHO
gopmarbHbiM obpa3om cOenamb 8b1800bI 06 UX Xapakmepu-
cmukax 6esonacHocmu.

Bbigeodbi: B cmambe onucbigaromesi 08a Ho8biX rnodxoda K
yrnpasneHuro KpunmoepaguyeckuMu Krodamu 8 cuMmempuy-
HbIX Kpurnmozpaghuyeckux cucmemax, noOKpersieHHbIX 3Kcre-
puMeHmarnbHbiMU pe3yfibmamamu. 3HadumMocmb rpedraza-
eMbIX pelwieHUll 3aKmo4aemcsi 8 MmoM, 4mo OHU M0380/1SH0Mm
ycmaHosUmb HalexXHYyl0 C€esi3b Mex0Oy 3auHmepecosaHHbIMU
cmopoHamu, usbeezas enusiHUsS mpembell 008epeHHol cmopo-
Hbl. [JocmueHymbili makum obpa3om yposeHb 6e3onacHocmu
C8513U 3Ha4YumersibHO rosbiaemcsi 10 CPasHeHUo ¢ Kraccude-
CKUMU Kpurnmozapaghuyeckumu cucmemamul.

Kntouesnie crnosa: cuMmempuyHbIl KpunmozapaghuyecKul Ko,
yrnpaessnieHue KpurnmoeapaguyecKuMu Kiodamu, UCMOYHUK CITy-
yaltiHocmu, npeumyuiecmsa ducmusnayuu 0aHHbIX, coariacoea-
Hue UHgopmayuu, ycuneHue KoHgudeHyuansHocmu, besonac-
Hbl€ MHO20CMOPOHHUE 8bIYUCIIEHUS.

MPOTOKOIN 3A YCTAHOBIBABAHE TAJHUX
CUMETPUYHUX KIbYYEBA - CABPEMEH MPUCTYTI

Meupar Tanuc®®, Tomucnae b. YHkawesuh?, ayTop 3a Nnpenucky,
3opaH b. bawau?, Munax M. MwunocaBreesuh®

& NuctutyT BITATAKOM, Beorpag, Penybnuka Cp6uja

5 YuuBepauteT CuHruayHym, Beorpag, Peny6nvka Cp6uja

® Scytale, Ten AsuB, OpxaBa N3paen

OBNACT: matemaTtuka, pa4yyHapCcTBO, TENEeKOMyHUKaLuuje
BPCTA YJIAHKA: opurnHanHu HayyHu pag

Caxemak:

Yeod/uurs: lNpobnem egpukacHe ducmpubyuyuje Kpurnmozpach-
CKUX KJby4Yeea y KOMyHUKayUOHUM cucmemuma rnocmoju odas-
HO, a ca r1ojagoM MacoB8HUX KOMyHUKaUUOHUX cucmema rnocmao
Je uspaxeH. [eguHucare u umniemeHmayuja egpukacHuUx rpo-
mokoria 3a ycmaHo8/bagate CUMempUYHUX KpurmoepagcKux
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K/by4yesa y makeuM OKOfIHOCMUMa UMa 8e1UKU 3Hadaj y nodu-
3amy UHopmayuoHe be3bedHocmu y cajbep npocmopy.

Memode: [lpumeHom memoda meopuje uHgopmauuja u be-
36e0Ho2 KoornepamugHoe padyHara degbuHUCaHU Cy MPOMOKO-
U 3a OUPEeKMHO ycmaHo8/bagar-e KpunmoepaghCKux Kiby4yeea
uamehy KOMyHUKaUUOHUX cmpaHa.

Pesynmamu: Y pady cy OecbuHucaHa 0ea Hoea ripucmyra rnpo-
brnemy ycmaHosrbagara Kpurnmozpagckux Kibydesa. HosuHa
y npomokosty degbuHucaHom y 6e36edOHOCHOM MoOesTy 3acHo8a-
HOM Ha meopuju UH¢hopMaluja 3acHUB8a ce Ha u38opy 3ajeOHuY-
Ke crlydajHocmu Koju je y oeom criydajy EEI cueHan ceakoe cy-
bjekma y4yecHuKa y KOMyHUKayuoHoM cucmeMy. EkcrnepumeH-
marHu pe3ynmamu riokasyjy 0a je Konu4uHa uHgopmMmauyuja Koja
omude Ka npomusHUKy briucka Hynu. HosuHa y dpyzom ciyyajy
Koju Krby4yesuma obe3behyje cuaypHOCM Ha HUBOY padyHapcKe
cuaypHocmu npumeHom 6e3bedHoe2 KoornepamueHoe padyHara
y nipucycmey gulue 3r1oHaMepHUX y4ecHUKa cadpxaHa je y Ho80j
rnpumeHu jeOHoe padyHapckoe modena. 3a oba npucmyna je Ka-
pakmepucmu4Ho 0a je y oksupy ghopMasiHux meopuja moeyhe
Ha gopmasiaH Ha4uH u3800UMU 3aKsby4yke O HUxosum b6e3bed
HOCHUM cg8ojcmeuma.

Bakmwyuak: MpedcmaerbeHa cy dsa HO8a ripucmyrna 3a ycma-
Hoerbasarbe KpunmozpaghCcKux Krbydesa y cuMempUYHUM Kpuri-
moepaghckuM cucmemMuma ca eKCcriepuMeHmarnHuM pesyrnma-
muma. 3Havaj MpedroXeHUX pewera Jexu y YureHuyu oa
omoeyhaeajy ycmaHoerbagsare noysdaHe KOMyHuUKauyuje usme-
Ry 3auHmepecosaHux cmpaHa ca Kpaja Ha Kpaj, usbeesasajyhu
ymuuyaj mpehe cmpaHe 00 nogsepera. Ha maj Ha4uH ce 3Ha4aj-
HO roeehasa rnocmuaHymu HUB0 CU2ypPHOCMU HUX08Ee KOMYHU-
Kauyuje y 0OHOCY Ha Kracu4He Kpurnmoepaghcke cucmeme.

KrbyyHe pequ: cumempuyHU KpunmoepagcKku Kibyd, ycrnocma-
e/barb€e Kibyya, U3eop cryvyajHocmu, 0ecmusayuja npedHocmu,
ycknahueame uHghopmalyuja, rnojadasarme rpusamHocmu, be-
36e0HO KoorepamueHO paqyHare.

Paper received on / [ata nony4eHus pabotbl / [Oatym npujema unadka: 23.02.2022.
Manuscript corrections submitted on / [lJata nony4yeHus ucnpaeneHHon Bepcun paboTbl /
HaTtym poctaerbaka ncnpaskm pykonuca: 22.06.2022.

Paper accepted for publishing on / lata okoHuyaTenbHoro cornacosaHusa pabotsl / Jatym
KOHa4HOr NpuxBaTara YnaHka 3a objaBrbuBame: 24.06.2022.
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Abstract:

Introduction/purpose: An approximation for assessing a definite integral is
continuously an attractive topic owing to its practical needs in scientific
and engineering areas. An efficient approach for preliminarily calculating a
definite integral with a small number of sampling points was newly
developed to get an approximate value for a numerical integral with a
complicated integrand. In the present paper, an efficient approach with a
small number of sampling points is combined to the novel probability—
based multi-objective optimization (PMOQO) by means of uniform
experimental design so as to simplify the complicated definite integral in
the PMOO preliminarily.

Methods: The distribution of sampling points within its single peak domain
is deterministic and uniform, which follows the rules of the uniform design
method and good lattice points; the total preferable probability is the
unique and deterministic index in the PMOO.
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Results: The applications of the efficient approach with finite sampling
points in solving typical problems of PMOO indicate its rationality and
convenience in the operation.

Conclusion: The efficient approach with finite sampling points for
assessing a definite integral is successfully combined with PMOO by
means of the uniform design method and good lattice points.

Key words: preferable probability, multi—objective optimization, finite
sampling points, simplifying evaluation, uniform design method.

Introduction

Recently, an efficient approach for assessing a definite integral with a
small number of sampling points has been proposed based on the
uniform experimental design method and the good lattice point from the
viewpoint of practical application (Yu et al, 2022) preliminarily. It indicated
that the efficient evaluation of a definite integral for a periodical function
in its single peak domain can be obtained by using 11 sampling points in
one dimension, 17 sampling points in two dimensions, and 19 sampling
points in three dimensions with a small relative error preliminarily. The
fundamental of the finite sampling points (FSPs) for assessing a definite
integral was the rules of uniform and deterministic distribution of the
FSPs according to the good lattice point (Hua & Wang, 1981; Fang,
1980; Fang, et al, 1994, 2018; Ripley, 1981; Wang & Fang, 2010), or the
so-called “quasi — Monte Carlo method” (QMC).

The so—called “curse of dimensionality” problem was broken in the
publication of the calculating results of Paskov & Traub (1995) by using
Halton sequences and Sobol sequences for accounting a ten — tranche
CMO (Collateralized Mortgage Obligation) in high dimensions, reaching
even 360 dimensions. Their findings were that QMC methods performed
very well as compared to simple MC methods, as well as to antithetic MC
methods (Tezuka, 1998, 2002; Paskov & Traub, 1995; Paskov, 1996;
Sloan & Wozniakowski, 1998). Afterwards, a lot of similar phenomena
were found in different evaluations for pricing problems by using different
types of low—discrepancy sequences (Tezuka, 1998). All these
consequences provide a powerful support to using the QMC with finite
sampling points to conduct a definite integral numerically.

In the present paper, the newly developed efficient approach for
assessing a definite integral with a small number of sampling points is
combined to the novel probability — based multi — objective optimization
(PMOO) so as to simplify the complicated definite integral in PMOO. The
novel PMOO aims to overcome the shortcomings of personal and
subjective factors in the previous multi — object optimizations, so a novel
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concept of preferable probability and the corresponding assessment are
developed (Zheng, 2022; Zheng et al, 2021, 2022). The preferable
probability is used to reflect the preferablity degree of the candidate in
the optimization, all performance utility indicators of candidates are
divided into beneficial or unbeneficial types according to their features in
the selection, and each performance utility indicator contributes to one
partial preferable probability quantitatively. The total preferable
probability is the product of all partial preferable probabilities in the
viewpoint of probability theory, which is the overall consideration of
various response variables simultaneously so as to reach a compromised
optimization. The total preferable probability is the unique deterministic
index in the optimal process comparatively. Appropriate achievements
have been obtained.

Essence of the uniform experimental design method

The uniform experimental design method (UED) was proposed by

Fang & Wang (1994, 2018) and the essence of the UED contains:

A) Uniformity. The sampling points for an experiment are evenly
distributed in the input variable (parameter) space, so the term "space
filling design" is widely used in the literature. The UED arranges the
test design (test point, sampling points in space) through a uniform
design table, which is deterministic without any randomness.

B) Overall Mean Model. The UED is to hope that the test point can give
the minimum deviation of the total mean value of the output
(response) variable from the actual total mean value.

C) Robust. The UED design can be applied to a variety of situations and
is robust to model changes.

D) Following basic procedures are involved in the UED:

1) Total Mean Model

It assumes that there exists a deterministic relationship between the
input independent variables X1, X2, Xs, ..., Xs and the response y by

y: f(Xl,XZ,X3,...Xr), X= {le X2, X3, ...y Xr} ECr. (1)

Furthermore, it supposes that the experiment domain is the unit cube
C"=10, 17, the total mean value the response y on C' s,

E(y) = [ £ %, X X,) - dx -, - dxg - dlx, 2)
J

If m sampling points p1, p2, ps, ..., Pm are taken on C', then the mean
value of y on these m sampling points is
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l m
=E§ (p;)- (3)

In Eq.(3), Dm = {p1, P2, P3, ..., pm} represents a design of these m
sampling points.

Fang & Wang (1994, 2018) proved that if the sampling points p1, p2,
ps, ..., pm are uniformly distributed on the domain C', the deviation

E(y)-y(D,) of the sampling point set on C" and Dn is the smallest
approximately.

2) Uniform Design Table

Fang & Wang (1994, 2018) and Wang & Fang (2010) developed a
Uniform Design Table for the proper utilization of the UED which can be
employed by anyone to arrange their sampling points. However, the
preliminarily necessary number of sampling points was not clarified by
Fang in their UED. Here in this paper, the number of sampling points
suggested in the article of Yu et al (2022) is adopted for our utilization.

3) Regression

Regression is the next procedure to complete the optimum.

For our purpose, the total preferable probability and the approximate
expression for the response y' = (X1, X2, Xs, ..., X;) can be obtained
through data fitting, which is close to the true model (Fang & Wang,
1994, 2018).

The application of uniform design is becoming more and more
extensive these years, including a successful application of the uniform
experimental design in the Chinese Missile Design and Ford Motor
Company of the USA, and the number of successful cases is increasing.

Combination of finite sampling points with the
probability—based multi—objective optimization by means
of the uniform experimental design

The above statements indicate the remarkable features of the UED,
e., the uniform distribution of experiment / sampling points within the
test domain and the small number of tests, fully representative of each
point, and an easy to perform regression analysis. So here the Finite
Sampling Points method is combined with the novel probability—based
multi—objective optimization by means of the uniform experimental design
and the good lattice point (GLP) to simplify the complicated data
processing preliminarily in the following section.
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In order to demonstrate the combination of finite sampling points
with the probability-based multi-objective optimization, some
typical examples are given in the following sections in detail.

1) Multi—objective optimization of tower crane boom tie rods

Qu et al (2004) conducted the multi — objective optimization of tower
crane boom tie rods by the fuzzy optimization model.

Through a careful analysis, they set the minimum mass W(X) of the
boom tie rod and the minimum angular displacement 6(X) of the boom as
the multiple objectives, and obtained the following model,

W(X) = 208.323x; + 433.868Xx>, 4)
2.0288 x10™*
O(X) = : (5)
9.8621x, +5.3471Xx,
The constraint conditions are,
0.003379< x; < 0.005805, (6)
0.003379 < x> < 0.005468. (7)

According to the optimal requirements of W(X) and 6(X), both W(X)
and 6(X) are unbeneficial indexes (Qu et al, 2004) which have “the
smaller the better” features in the optimization.

Thus, according to the probability—based multi—objective optimization
(Zheng, 2022; Zheng et al, 2021, 2022), the partial preferable
probabilities of W(X) and 6(X) are expressed as

Pw = ﬂ\N'[WmaX + Whin — W(X)], (8)
Pe= ,39 '[emax +Bmin — G(X)], (9)

In Egs. (8) and (9), Bw, Wmin, and Wmax express the normalization
factor, the minimum and maximum values of the index W(X),
respectively; Bs, Bmin, and Bmax indicate the normalization factor, the
minimum and maximum values of the index 6(X), individually.

Simultaneously,

Ao =5 - (10)
I [\Nrrax +Wmin _W(X)]dxi : dXZ

X111 X2y
1

[ [ + O = OX)]-lx, - lx,

X111 X2y

ﬂa = (11)
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In Egs. (8) and (9), XiL, X1u, X2 and Xy express the lower limit and the
upper limit of x; and Xz in their domain, respectively.

According to the common procedure, the subsequent thing is to
substitute Egs. (4) and (5) into Egs. (8) through (11) with the constraints
of Egs. (6) and (7) to conduct the evaluations. It can be seen that the
assessments are tediously long and complicated due to the sophisticated
integration. However, if we use the finite sampling points algorithm
proposed by Yu et al (2022), the approximate assessments of the definite
integral in Egs. (10) and (11) can be simplified with the finite numbers of
discrete sampling points.

According to Yu et al (2022), 17 discrete sampling points are
suggested for the two independent variables x; and X preliminarily. So
the Uniform Design Table of U*7(17°) is taken to conduct the
approximate assessment. The designed results for the 17 discrete
sampling points are shown in Table 1 together with the calculated
consequences of W(X) and 6(X), in which xi0 and Xz indicate the original
positions from the Uniform Design Table U*17(17°) for the [1, 17] x [1, 17]
domain.

Table 2 shows the evaluation results of this problem.

Table 1 — Designed results U*17(17°) together with the calculated consequences of
W(X) and 6(X)
Tabnuya 1 — Mony4eHHble pesynsmamsi U*17(17°%) emecme ¢ paccdumaHHbIMU
nocnedcmsusmu W(X) u 6(X)
Tabena 1 — MpojekmosaHu pedynmamu U*17(175) 3ajedHo ca uspayyHamum
nocneduyama W(X) u 6(X)

X20 X1/ m?2 Xo [ m?2 WIT 6/°

7 | 0.003450 | 0.004178 | 2.5314 | 0.0036
14 | 0.003593 | 0.005038 | 2.9343 | 0.0033
3 | 0.003736 | 0.003686 | 2.3776 | 0.0036
10 | 0.003879 | 0.004546 | 2.7805 | 0.0032
17 | 0.004021 | 0.005407 | 3.1834 | 0.0030
6 | 0.004164 | 0.004055 | 2.6267 | 0.0032
13 | 0.004307 | 0.004915 | 3.0296 | 0.0030
2 | 0.004449 | 0.003563 | 2.4729 | 0.0032
9 | 0.004592 | 0.004424 | 2.8758 | 0.0029
16 | 0.004735 | 0.005284 | 3.2788 | 0.0027
0.004877 | 0.003932 | 2.7220 | 0.0029

Z
e
X
&
o

OO N|O|O|RR|IWIN|F
OO N0 |R|W|IN|F

[EEN
o
[EEN
o

[EEN
[EEN
[EEN
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NO. | X10 | X20 | X1/ m? X2 [ m? WI/T 6/°
12 | 12 | 12 | 0.005020 | 0.004792 | 3.1250 | 0.0027
13 | 13 1 | 0.005163 | 0.003440 | 2.5682 | 0.0029
14 | 14 | 8 | 0.005306 | 0.004301 | 2.9712 | 0.0027
15 | 15 | 15 | 0.005448 | 0.005161 | 3.3741 | 0.0025
16 | 16 | 4 | 0.005591 | 0.003809 | 2.8174 | 0.0027
17 | 17 | 11 | 0.005734 | 0.004669 | 3.2203 | 0.0025
Table 2 — Evaluation results of this problem
Tabnuya 2 — Pe3ynsmambi oueHKu 0aHHoU rnpobriembi
Tabena 2 — Pesynmamu npoyeHe ogoe npobnema
Partial preferable
probpability Total

No. Pw(x) Pa(x) Ptx103 Rank

1 0.0659 0.0471 3.1006 16

2 0.0576 0.0536 3.0905 17

3 0.0690 0.0473 3.2642 13

4 0.0608 0.0538 3.2703 12

5 0.0525 0.0592 3.1091 15

6 0.0639 0.0540 3.4512 8

7 0.0557 0.0593 3.3037 11

8 0.0671 0.0542 3.6333 5

9 0.0588 0.0595 3.4993 7

10 0.0506 0.0639 3.2346 14

11 0.0620 0.0596 3.6957 3

12 0.0537 0.0641 3.4426 9

13 0.0651 0.0598 3.8930 1

14 0.0569 0.0642 3.6514 4

15 0.0486 0.0680 3.3052 10

16 0.0600 0.0643 3.8609 2

17 0.0518 0.0681 3.5246 6

Table 2 shows that the preliminarily assessed result of the total
preferable probability of sampling point No. 13 exhibits the maximum in
the first glance, so the optimal configuration could be around sampling
point No. 13.

As to sampling point No. 13, the optimal mass Wouim. Of the boom tie
rod and the optimal angular displacement Gopim. Of the boom are 2.5682
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tons and 0.0029° at x; = 0.0052 m? and x, = 0.0034 m?, which are better
than those of Qu’s (2004) results of 2.8580 tons, and 0.0026° at x; =
0.0058 m? and x, = 0.0038 m?, comprehensively.
Moreover, regression can be applied for further optimization. The
regressed result of the total probability P; with respect to x; and Xz is
Pix10° = 8.2971 — 249.4110x; — 304.5570%, — 0.0978x10*x,™* —

0.0083x10"x,?, (12)
R? = 0.9362. (23)
The regressed result of the W with respect to x; and x: is
W = 2.89x10" + 208.3230x; + 433.8680x>, (14)
R?=1. (15)

The regressed result of the total probability & with respect to x; and x»

is
@ =0.0035 — 0.1459x; — 0.2412x, — 5.7700x10°x;* —1.4000x10"x2?,
(16)
R? = 0.9941. a7)

The optimal result of the regressed formula of Eqg. (12) being
maximum is Py x10° = 3.8890 at x; = 0.0058 m? and X, = 0.0034 m?; the
corresponding values for optimal W and 8 are, W = 2.6754 tons, 8* =
0.0028°, which are much better than those of Qu’s results as well.

2) Multi—objective optimization with a single input variable

It is certain that multi-objective optimization with a single input
variable is a very simple problem and direct assessment can be
conducted.

The simple example is that the optimal solution of the min fi(x) = x?
together with min f2(x) = (x — 2)? simultaneously within the range of x e [-
5, 7], which was discussed by Huang & Chen (2009) with tediously long
and complex evolutionary computations of Pareto optimization.

Here, by using the probability—based multi-objective optimization, the
problem can be reanalyzed and the partial preferable probability for fi(x)
and fz(x) can be expressed as,

Pu = (49 — x%)/432, P =[49 — (x — 2)%]/432. (14)

Thus, the total preferable probability P: = PPy, takes its maximum
value at x = 1 distinctly; therefore, the simultaneous minimum values of
f1(x) and fo(x) are compromisingly equaled to 1. Obviously, the assessing
process is much simpler than that of complex evolutionary computations
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of Pareto optimization (Huang & Chen, 2009).

Furthermore, if the sampling point method is used, 11 sampling
points can be employed for the assessment preliminarily (Yu, et al,
2022). The uniformly distributed sampling points are shown in Table 3 in
their domain x e [-5, 7] together with the value of Prand their ranking.

Table 3 — The positions of the distribution of the sampling points
in the integral domain [-5, 7] together with the value of Pt and their ranking
Tabnuua 3 — NonoxeHusi pacnpedesieHusi MoYekK 8bibopKU
8 uHmeeparsbHol obracmu [-5, 7] eMecme co 3HavyeHueM Pt u ux paHxuposaHuem
Tabena 3 — Nosuyuje ducmpubyuyuje mayvaka y30pkogara y OoMeHy uHmeezpana [-5, 7]
3ajedHo ca spedHowhy Pt u HUX080 paHaupar-e

Location

No of point Pix102 Rank
1 -4.45455 0.114658 6
2 -3.36364 0.408543 5
3 -2.27273 0.722118 4
4 -1.18182 0.991634 3
5 -0.09091 1.171558 2
6 1.00000 1.234568 1
7 2.09091 1.171558 2
8 3.18182 0.991634 3
9 4.27273 0.722118 4
10 5.36364 0.408543 5
11 6.45455 0.114658 6

Again, the maximum value for P; is located at x = 1 exactly.

Discussion

1) On the number of the discrete sampling points in the evaluation

In the literature of Yu et al (2022), it is suggested roughly but not
proven mathematically that 17 and 19 sampling points are proper
preliminarily for evaluating a complicated integral.

Here, we would stress the following. In accordance wih Hua and
Wang (1081) and Fang and Wang (1994), as to the GLP, the
discrepancy of the low—discrepancy point set is O(p*(logp)s?) for the s —
dimension with the prime number p, so if we take 11 GLPs for a 1 —
dimensional problem, the value of O(1/11) = 0.0909, i.e., less than 10%;
analogically, for a 2 — dimensional problem, if we adopt to use 17 GLPs,
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the value of O(p?*(logp)s?t) is approximately O(17(logl7)!) ~ 0.0724,
which is near to the situation of 1 — dimensional problem; while for a 3 —
dimensional problem, if we take 19 GLPs, the approximate result of O(p-
Ylogp)®) is O(191(log19)?) ~ 0.0861, which is close to the situation of a 1
— dimensional problem as well. However, if we accept 23, 29, 31 or even
41 GLPs for 3-d, the consequences for O(p*(logp)s?) are 0.0806, 0.0737,
0.0717, or 0.0634, respectively, which are nearly the same as that of 19
GLPs basically.

The successful results of assessing complicated definite integrations
realize the applicability of the approximation from the point of view of
engineering practice. Perhaps the abstruse physical detail is related to
the spatial correlation of spatial sampling points, which was pointed by
Ripley (1981) and worth to be further explored by mathematicians.

2) On the combination of the finite sampling points in probability-
based multi-objective optimization by means of the Uniform
Experimental Design

The newly developed efficient approach for preliminarily assessing a
definite integral with a small number of sampling points can be combined
with the novel probability—based multi-objective optimization (PMOO),
provided the discrete specimen points are uniformly and deterministically
distributed within the domain according to the rules of the GLP and the
UED. The optimal results in the present paper for typical examples
indicate the advantages of this treatment. However, further applications
and mathematical intensions of the appropriate algorithm for assessing
numerical integration developed newly are needed to be deeply explored
in future.

Besides, in order to improve the precision of approximate maximum
by using discrete sampling point method, sequential algorithm for
optimization can be combined with the probability — based multi —
objective optimization in its discreterization (Zheng et al, 2022).

Conclusion

From the above discussion, the efficient approach for preliminarily
calculating a definite integral with a small number of sampling points is
successfully combined with the novel probability—based multi—objective
optimization (PMOOQO) so as to simplify the complicated calculation of a
definite integral in PMOO. The Uniform Experimental Design method and
the good lattice point are involved in the combination, thus significantly
simplifying complicated data processing by approximation.
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NMPUMEHEHWME KOHEYHbLIX TOYEK BbIBOPK/ B
MHOIOLENEBOM ONTUMMU3ALIMK, OCHOBAHHOW HA
BEPOATHOCTW C MOMOLLbIO EQVHOW 9KCMEPUMEHTAJIBHOW
PASPABOTKU

MaoweHa YxaH2, KoppecnoHAEeHT, XalinaH Ten?, Au Bow?, [Ixu iob

CeBepo-3anafHblil NONUTEXHUYECKUI YHUBEPCUTET,
r. CnaHb, HapogHas Pecny6nuka Kutan

a (hakynbTeT XMMUYECKON UHXEHepUn
6 (hakynbTeT eCTECTBEHHbLIX HayK

PYBPUKA TPHTW: 27.47.00 MaTemaTnyeckas knbepHeTtuka,
27.47.19 ViccnepgoBaHue onepauui,
81.09.00 MartepuanoBefeHnue,
45.09.00 OnekTpoTexHuyeckme matepuansi
BWO CTATbW: opurmHanbHasa Hay4yHas cTaTtbs

Pesrome:

BeedeHue/uenb: Annpokcumayusi Ons  OUEHKU  orpedesieHHO20
UHmMezpana He repecmaem rpueriekams 8HUMAaHUE Y4YeHbIX, e8udy
CB80€20 [PaKkmMuU4YyecKo20 MPUMEHEHUSI 8 pasfuy4Hbix obsacmsx
UH)XEeHepHbIX HayKk. HedasHo 6bin paspabomaH aghghekmusHbIl
nodxo0 K BbIYUCIIEHU orpedernieHHo20 uHmezpana ¢ Hebonbwum
yucsioM moyYeKk 8blbopku  OnsA  nonyYeHusi  npubnu3umenibHo20
3Ha4YeHUs1 YUC/IeHHO20 UHMmezparsa CO CIIOXHbIM M0ObiHMezparbHbIM
ebipaxeHuem. B daHHolU pabome 6 uensx yrnpouw,eHuUsi Cl0XHO20
onpederneHHo2o uHmezpana 8 MOOB b6bin npumMeHeH aghgbeKmMueHbIl
nodxod ¢ HebonbWUM 4HUC/IOM MOYeK 8biI60pKU, O0OBbEeOUHEHHbILU C
Hoeol MHozouenegol onmumu3sayuel, 0CHO8aHHOU Ha 8eposimHocmuU
(MOOB) ¢ nomowbto eduHoU aKcrnepumMeHmarnbHoU paspabomku.

Memodei: PacnipedeneHue moyek 8bl6opku 8 npedesiax obnacmu ¢
00HUM NUKOM si8risiemcsi 0emepMUHUPOBAHHBLIM U PABHOMEPHbIM, YImo
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coomeemcmeyem npasunam memoda eOuHoU pa3pabomku U mMovek
udeanbHol pewemku; obwas npedrnodymumeribHasi 8epPOSIMHOCTb
s8519emcsl yHUKarnbHbIM U 0emepMuHUpo8aHHbiM uHOekcom 8 MOOB.

Pesynbmamei: lNpumeHeHue aghgpekmusHo20 nodxoda ¢ KOHEYHbIMU
moukamu 8bI6opKU rnpu peweHuUu murnosbix npobnem e MOOB
yKasbigaem Ha e20 payuoHasibHOCMb U y0o6cmeo 8 aKClyamauuu.

Bbi800bI: OgpghekmuesHbIli MoOX00 C KOHEYHbIMU MmOYKaMu 6bI60pKU
0r1a oyeHKu ornpedenieHHo20 UHmezpasa ycrnewHo KoMbuHuUpyemcsi ¢
MOOB c¢ nomowmbto mMemoda eduHol paspabomku U  MOYeEK
udearsnbHoU pewiemku.

Knroyesbie criosa: npednodymumeribHasi 8€pOSIMHOCMb, MHoO2oUeesast
onMmMuUMU3ayUsi, KOHEYHbIE MOYKU 8bI6OPKU, YNPOWEHUE OUEHKU, €OUHbI
mMemo0 paspabomku.

MPUMEHA KOHAYHNX TAYAKA Y3OPKOBAHA Y
BUWIEKPUTEPUJYMCKOJ ONTUMN3ALININ BACHOBAHOJ HA
BEPOBATHO RV NMOMORY YHN®OPMHOI EKCTTEPUMEHTAJTHOI
ON3AJHA

Maowetz LleHr?, ayTop 3a npenucky, XauneHa TeHr?, Ju Banr?, he Jyb
YHusepanutet CeBeposanag, CujaH, HapogHa Peny6nvka KuHa

a PakynTeT XeMUjCKOr NHXXeH-epcTBa

6 dakynTeT NpMpoaHUX Hayka

OBJIACT: maTtemaTtuka, matepujanu
BPCTA UJTIAHKA: opuruHanHu Hay4Hu pag

Caxemakc:

Yeod/yurb: Anpokcumauuja rnpoueHe KoHa4yHo2 uHmezparna He rpecmaje
O0a 6yde npuenavyHa mema 3axearbyjyhiu c80joj npakmuyHoj MPUMeHU y
Hay4YHUM U UHXeH-epcKuM obriacmuma. HedosHo je passujeH eghukacaH
npucmyn uspadyHaeary o0peljeHoe uHmMezpana ¢ Mmanum 6pojem
mayvaka y3opkosatba Kako 6u ce 0Ooburna npubnuxHa epedHocm 3a
HyMEepUYKU UHMmMeeparsl ca KOMIIUKOBaHUM UHmezpaHooM. Y oeom pady
ecbukacaH ripucmyn ¢ Manum 6pojeM madaka y3opkoearba KOMOUHOBaH
je ca HOBOM 8UWIEKPUMEPUjYMCKOM OMMmuMU3ayujoM 3aCHO8aHOM Ha
geposamHohu (I[TMOQ) rnomohy yHUGDOPMHOZ eKcriepuMeHmasHoa
OusajHa ¢ uyubem Oa ce rojedHocmMasu KOMIIUKO8aHU o0pefjeHu
uHmeepan y NMMOO0.

Memode: [Hucmpubyuyuja madaka y30pkogara yHymap nodpydja
u3deojeHoz 8pxa demepMuHUCMUYKa je U YHUOPMHa, Wwmo credu us
npasuna memoda yHugopmHoz OusajHa U madaka dobpe peuwemke.
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YKyrnHa roxesbHa eeposamHoha je jeduHcmeeHuU U 0emepMUHUCMUYKU
uHdekc y NMMVOO0.

Pesynmamu: [MpumeHe egbukacHoz npucmyna C KOHa4YHUM maykama
y30pKoearba 3a pewaearse murnu4Hux npobnema y NMMOO yka3syjy Ha
He208Yy payUOHaIHOCM U I0200HOCM fpuU onepayujama.

Bakrbyyak: EchukacaH npucmyrn ¢ KOHa4YHUM madkama y30pKoearba 3a
oueHy odpeheHoe uHmezparna ycriewHo ce kombuHyje ca TMOQO rnomohy
memoda yHugopmHoz du3ajHa u madaka dobpe pewemke.

KrbyuyHe pe4qu: noxesrbHa eeposamHoha, eulekpumepujymMcka
onmumu3ayuja, KoHa4He madke y30pKo8aH-a, MojedHocmass/busar-e
esarnyauuje, memod yHUgopmMHoz du3sajHa.
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Summary:

Introduction/purpose: One of the key approaches to solving an entire class
of modern plasma physics problems is the so-called "plasma
approximation”. The most general definition of the "plasma approximation”
is a theoretical approach to the electric field calculation of a system of
charges under the electric quasi-neutrality condition. The purpose of this
paper is to compare the results of the numerical simulation of the kinetic
processes of the quasi-neutral plasma bunch expansion to the analytical
solution of a similar kinetic model but in the "plasma approximation".

Methods: The given results are obtained by the methods of deterministic
modeling based on the numerical solution of the system of Vlasov-Poisson
equations.
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Results: The provided comparison of the analytical expressions for the
solution of kinetic equations in the "plasma approximation” and the
numerical solutions of the Vlasov-Poisson equations system convincingly
show the limitations of the "plasma approximation" in some important cases
of the considered problem of plasma formation decay.

Conclusion: The theoretical results of this work are of great importance for
understanding the shortcomings of the "plasma approximation”, which can
manifest themselves in practical applications of computational plasma
physics.

Key words: physical kinetics, vacuum plasma, plasma expansion.

Introduction

The “plasma approximation” is known to be applicable to a
low-frequency and steady-state phenomenon, popular among plasma
scientists in various fields (Chen, 1984). Sometimes more appropriable
term is used here “the plasma condition” (Nishikawa & Wakatani, 1990),
i.e. the number of electrons in a Debye sphere is large enough to effect
charge shielding. But utilizing it leads to inconsistencies in the equation of
motion and prevents a proper, field-theoretic treatment of a condensed
matter in the plasma state. This circumstance takes place due to the fact
that if plasma reaches a quasi-neutral state ne = n;, its space charge is
approximately equal to zero p~ 0. According to Poisson equation, this
leads to E = 0. But the “plasma approximation” states that E # 0 and the
electric field can be found elsewise (Chen, 1984). Such a separation of the
initially consistent solution of plasma and field equations in the most cases
leads to an ambiguous multivalued interpretation of the electric field
definition. That seems to be the main methodological drawback of the
"plasma approximation".

As only formal definitions equate with formal mathematics, so the
“quasineutral” term correlates to “the plasma condition” ne ~ n. It refers to
the profound tendency of plasma electrons to change their positions as a
response to the electrostatic potential of ions to exponentially attenuate
the Coulomb field, and is often taken as the definition of the “plasma
approximation.” We know that the the traditional term “neutral” already
embraces the implications of quasineutrality, as no discrete medium
remains neutral on characteristic scales sufficiently smaller to resolve
isolated charges. In quasineutral media, the microscopic field fluctuates
strongly, but on the particle scale it averages out as the differential volume
element grows. The author of the monograph (Chen, 1984) claims that “the
plasma approximation is almost the same as the condition of
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guasineutrality discussed earlier but has a more exact meaning ... is a
mathematical shortcut that one can use even for wave motions... it is
usually possible to assume ne = n; and div E # 0 at the same time”.

The physical kinetics of plasma provides a different point of view on a
"guasineutrality" concept given from more fundamental positions. Indeed,
if we consider simple two component plasma that consists of least of
electrons and single-charged ions, then the ensemble of each type of
particles in terms of physical kinetics is characterized by its distribution
function, here f. and f;, respectively. Hence the number density of each
particle type is a special case of the distribution function zero-moment

n,; = [ f.(r.p.t)d°p &)

where (r, p) — phase-space coordinates, t — time variable.

Such zero-moments, like e.g. (1), of the patrticle distribution function,
do not characterize the microscopic state of the ensemble of particles.
They just represent particular macroscopic characteristics of certain
plasma components. That is why the approximation of ne = nj is the equality
in a "weak form", i.e. the identity f.= fi does not follow from the quasi-
neutrality condition. Frequently, depending on a particular physical
problem based, one has to introduce extra conditions for two or more
additional (higher) moments of the distribution function in order to satisfy
the “plasma approximation”. If we assume that the "plasma approximation”
is a convenient computational approach to a number of physical problems,
then one has to determine the limits of its use.

This paper is aimed to clarify the details of the two-component
vacuum plasma bunch expansion into free space by numerically solving
the system of Poisson-Vlasov equations. Its main purpose is to show the
features of this process without using the "plasma approximation”. For
simplicity, but without loss of generality, we solve the problem of plasma
expansion in a one-dimensional Cartesian spatial configuration. The
calculation results are compared with the exact self-similar solutions of the
Vlasov equations with the "plasma approximation" (Dorozhkina &
Semenov, 1998) pointing out possible shortcomings of the “plasma
approximation”.

Vacuum plasma expansion

General terms

Let us consider a one-dimensional planar plasma bunch, consisting
only of electrons and singly charged ions, located around the point xo, on
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the x-axis. The bunch has a localization region of the order of x. (spatial
distribution half-width). We assume that both ions and electrons inside the
bunch have Maxwellian velocity distributions with slightly different
temperatures Te for electrons and T; for ions. Assuming that the intial
plasma is quasi-neutral, the particle distribution functions can be written in
the following form

f., (x,p)= No EXp| — P

—_— | X
ch1,8”2me,ikTe,i 2rne,ikTe,i @

%)
xeXp ——
Xc

where No — full number of particles in the bunch, me and m; — electron and
ion rest mass, respectively, (x,p) — one-dimensional phase-space
coordinates, S — bunch transversal cross section, x. — characteristic spatial
scale of a plasma bunch, and T¢; — initial ion and electron temperatures,
respectively. If the initial electron distribution is assumed to be a non-
Maxwellian, then it evolves to a Maxwellian one due to electron-electron
elastic collisions. The Maxwellian distribution conserves, since collisions
no longer have any influence on the electron distribution function, because
the relevant term for elastic collisions is zero for a Maxwellian distribution.
As the effects of collisions of the other kind are much more negligible with
regard to electron-electrons, so the restriction to the Maxwellian initial
distribution form is justified enough.

The electron and ion distribution function comply with the collisionless
Boltzmann (Vlasov) equations without a magnetic field (Vlasov, 1968)

oA, Do e g

ot m, oX op

A ©
—+——+09E—=0,

where E - the electric field vector component along the x-axis, q — the
electron charge.

During the expansion process, the assumption of a collisionless
plasma is valid if the electron-electron collision time z. >> z = L/Cs, where
L is the characteristic size and Cs = (qTe/m)¥? is the ion sound velocity. As
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Tee = Te2?/(5-10°neA), where Coulomb log is A = 10 and A is the atomic
number, we can estimate the condition for a number density
Ne << N = T%/(5-10?AY2AL). For an antimony plasma (A=51) at
characteristic lengths of L =1 cm and T. =5 eV, the value of n-~ 7-10%°
cm (Baitin & Kuzanyan, 1998).

In most cases where the domination of space-charge effects is
significant and global plasma quasi-neutrality condition is not met, the
system of equations (3) is complemented by the Poisson’s equation in
order to account the electric field in a self-consistent way

0 0
- A(n-n) E=-2 (@)
OX & OX

where ¢ - electrostatic (electric) potential, & — vacuum dielectric
permittivity, ne and n;are electron and ion number densities, respectively,
that have to be found from (1).

“Plasma approximation”

Regarding the problem of interest, the first paper where the “plasma
approximation” and the associated theoretical approach have been
introduced is Gurevich’s paper (Gurevich et al, 1966). The case of a half-
infinite plasma with a sharp boundary has been considered by using the
Boltzmann electron distribution in order to find the electric field under the

guasi-neutrality assumption
qgo(x,t)j

KT,

where ng — is the constant characteristic number density of ions. This
assumption is not appropriate, since the electrostatic potential is non-
stationary and the electron distribution function is different from a
Boltzmann for a collisionless plasma. So, the total electron energy
changes in time and the electron thermal energy becomes a source of the
ion component acceleration in the expanding plasma. In a bounded
collisionless plasma, the electrons are trapped and oscillate in a potential
well, which is formed in order to satisfy a quasi-neutrality condition. Since
the parameters of the potential well change during plasma expansion, so
the variation of the electron energy becomes significant.

A more complicated approach to the implementation of the "plasma
approximation" is based directly on the physical kinetics principles
(Dorozhkina & Semenov, 1998). From the plasma quasi-neutrality

N, (xt)=n, exp[— (5)
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condition ne = n;, the left and right parts of equations in (3) are multiplied
by p and then integrated by the moment variable over the phase space.
Considering the number densities definition and the boundary conditions
for the distribution functions at |p| — «, the following equations can be
obtained

o 1 0
EJ‘ pfedp +F&J. p2 fedp + qEne = O’

° (6)
0 1 0
EI pfidp+aaf p?f,dp —qgEn, =0.

In order to obtain the electric field strength from expression (6), the
authors of the approach (Dorozhkina & Semenov, 1998) impose an
additional approximation, namely, they assume that the plasma bunch is
“currentless”, so

[ pf,dp—q[ pf,dp ~0, ™
in this case by subtracting the second equation from the first one in (6),
the following expression for the electric field is obtained
1l 0
e

1 0
2fdp—— 2 [p2fd
Pt L .p. o

2gn

e

We can now compare (8) to the electric field obtained from Gurevich's
formula (5)
KT, 0
E=———Inn, 9)
g ox

As it could be estimated, the given formulas (8) and (9) represent
significantly different electric field values for the same plasma parameters.
Namely, formula (9) gives a stronger electric field, which is an order of
magnitude higher than the similar value obtained by formula (8). These
arguments demonstrate the inconsistency of the "plasma approximation”
concept. The whole point is the ambiguity of the definition of the electric
field, and there are other approaches to obtaining the electric field in
“plasma approximation® leading to different electric field estimations which
are all different (Baitin & Kuzanyan, 1998).
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The presented discussion highlights the main disadvantages of the
so-called "plasma approximation”. First, the variety of the electric field
representations in the "plasma approximation" is determined by different
theoretical approaches (liquid, kinetic or particle-in-cell) in use, obviously
depriving the unambiguity of such approaches. Secondly, the calculation
of the electric field requires some additional approximations that come far
beyond the basic "quasi-neutrality" condition which is find to be
insuffucient. In the scientific literature, the use of such approximations is
given without sufficient justification (Dorozhkina & Semenov, 1998).
Finally, there is no unambiguous way to identify physical situations where
the electric field in the "plasma approximation" smoothly transforms into
the field determined from the Poisson’s equation or Maxwell's system of
equations in the transition regions.

Numerical simulation

The obvious difficulties in choosing the correct formulation of the
"plasma approximation" lead to the fact that the most accurate plasma
dynamics has to be explained in terms of the complete Vlasov-Poisson
system solution (3)-(4) where the electric field is determined in a self-
consistent way. Here we choose a one-dimensional formulation of the
problem in the Cartesian coordinates. Its advantages are obvious: the
obtained solution results can be directly compared to the analytical
formulas in the "plasma approximation" from (Dorozhkina & Semenov,
1998).

The direct numerical integration of (4) by using the trapezoidal or
Simpson methods leads to significant inaccuracies associated with the
accumulation of errors. To accurately determine the electric field and
potential in this work, we used the advanced fourth order method (Knorr et
al, 1980). As the computational phase space is restricted to the finite
spatial interval X [Xmin, Xmax], SO We apply E = 0 boundary conditions at the
both sides of it.

In this paper, the system of partial differential equations (3) was
solved numerically on a rectangular uniform phase-space grid (x, p) having
5000 per 2001 grid points for electrons and ions. The Vlasov equations
have been solved by using the high-order Cheng-Knorr semi-Lagrangian
method similar to that previously used (Zubarev et al, 2020, Kozhevnikov
et al, 2021). The numerical solution algorithm was implemented in
Mathworks MATLAB exploiting the embedded high-performance CPU
capabilities. The results of numerical calculations have been validated by
the computational grid and the computational time step value refining.
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As an example, here we consider a two-component metallic plasma
consisting of electrons and single-charged antimony ions Sb*. This plasma
components are typical for vacuum discharge in diodes with antimony
cathodes (Anders, 1997). For this plasma composition, a nhumber of
numerical calculation series have been carried out. The simulations were
processed for a wide range of total number of particles No= 107 - 10*2. In
each calculation, it was assumed that the plasma bunch had a
characteristic scale of x.= 100 um, while the plasma was assumed to be
nonequilibrium, i.e. Te=1 eV, Ti= 5 eV that corresponds to real cathode
plasma emission (Bugaev et al, 1975). For computational purposes, we
restrict the spatial boundaries of the computational phase space to
Xmin = - 2 €M, Xmax = 2 cm. It is sufficient to simulate the ionized state
behavior far enough from the computational borders. The obtained results
were compared with the analytical solutions of the Vlasov equations with
an electric field in the "plasma approximation” (8) (Dorozhkina & Semenov,
1998).

Figure 1 shows the comparisons of the number densities distributions
of electrons and ions at a time point of t = 500 ns for the cases of plasma
expansion consisting of different initial number of particles. A quasi-neutral
plasma distribution profile is shown with a black line in accordance with
the analytical solution in the “plasma approximation” (Dorozhkina &
Semenov, 1998). The results of the numerical calculations (without the
“plasma approximation”) - the number densities distribution profiles - are
given for both electrons and ions to show the difference in their spatial
distributions.

The first two plots in Figure 1 correspond to the decay of ionized
states with a small number of particles - No = 107 and No = 10°. Such initial
distributions of charged patrticles cannot be called “plasma” due to the fact
that the Debye length (Chen, 1984) is much larger than the characteristic
scale of the bunch, i.e. Ap >> X.. In the first case, the Debye length is much
greater than X, in the second case it has the same order of magnitude. In
both cases, the numerical calculation shows a violation of the initially given
guasi-neutrality conditions and a significant deviation from the "plasma
approximation" profiles.

For a denser plasma (No = 10%), a different situation is observed. This
case corresponds to true plasma decay Ap << X.. The electron and ions
number density distribution profiles in the Vlasov-Poisson model are close
to the quasi-neutral profile obtained from the "plasma approximation". For
the specified time point (t = 500 ns), quasi-neutrality is not significantly
disturbed over the entire length of the plasma bunch. This situation is most
fully described by the "plasma approximation": the plasma bunch expands
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with thermal velocities without significant loss of the initial quasi-neutrality.
At the very beginning of the process, the more mobile and thermalized
electronic component of the plasma is displaced with regard to the
electrically neutral state, which leads to the appearance of a weak electric
field close to the field in the "plasma approximation" in this case. Thus,
plasma tends to remain quasi-neutral: if the ions move, then the electrons
will follow them, and the electric field is adjusting to maintain the neutrality
in accordance with the displacement of electrons and ions.

Finally, the most important case considered here represents the decay
of a dense plasma bunch. The corresponding result of these calculations is
given at the fourth plot in Figure 1. For a plasma bunch with the total
number of particles equal to No = 103, other regularities are observed. First
of all, one can find a similarly to the previous case No = 10*!. For No = 10%3
the plasma bunch expands in time while preserving quasi-neutrality. But
resulting from the calculations without the "plasma approximation", plasma
decays faster. The profiles of a quasi-neutral plasma in the “plasma
approximation® and that one obtained as a numerical solution of the Vlasov-
Poisson equations (without the "plasma approximation™) noticeably differ.
In comparison with the decay of the ionized state (in No = 10°), where the
guasi-neutrality is noticeably violated, the decay of the dense plasma is
more intense with regard to the reference calculation (black line in
Figure 1).

Since the bunch quasi-neutrality is not violated (for No = 10%), it can
be assumed that in this case other factors affect the plasma decay process,
which are not taken into account by the "plasma approximation"
(Dorozhkina & Semenov, 1998). As we have already mentioned previously,
the kinetic formulation of the "plasma approximation" requires an additional
"currentless" approximation (7). The "currentless" approximation is
introduced independently of the quasi-neutrality approximation. It leads to
a linearization of kinetic equations (3), so that the plasma number densities
(black lines in Figure 1) for different number of particles have the same
characteristic width and differ only by the scale factor of the curve
magnitude. In reality, the system of Vlasov-Poisson equations is essentially
non-linear and its solutions for various parameters do not scale. The
calculations show that condition (7) is violated for a dense plasma. It leads
to faster plasma expansion due to the nonlinearly increasing influence of
electron and ion currents without affecting the total bunch quasi-neutrality.
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Figure 1 — Comparative plasma number density distributions obtained from numerical
calculations without the "plasma approximation” (red line and blue points) and from exact
analytical formulas in the "plasma approximation" (black line)

PucyHok 1 — CpasHumeribHble pacrpedenieHusi KoHUeHmpauuu KOMIOHEHITO8
rnnasmbl, MOfy4YeHHbIE U3 YUC/IEHHbIX pac4yémos 6e3 "nnaameHHoz20 npubnuxeHus"
(usemHbie Kpueble) U 0 MOYHbIM aHaIumuyeckum ¢opmynam 6 "rrasmMeHHoOM
npubnuxeHuu" (YepHasi IUHUS)

Cnuka 1 — YnopedHe pacrnodernie KOHUeHmMpauuje KoMrnoHeHmu ria3me 0obujeHe u3
HYMepuyYKkux rpopadvyHa 6e3 ,na3ma anpokcumayuje (0bojeHe Kpuee) U U3 mayHux
aHanumuykux coopmyna y ,nnasma arnpokcumayuju” (upHa fuHuja)
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Conclusions

The results presented in this paper represent a counterexample
convincingly showing the groundlessness of the "plasma approximation”
for solving particular non-stationary plasma physics problems. The existing
contradictions in the use of the "plasma approximation" can be formulated
as the following theoretical statements:

¢ In all of the existing "plasma approximation" formulations, the
electric field at t = 0 is nonzero, while the initial plasma is quasi-
neutral, so the electric field initially is E = 0;

e Accurate numerical simulation (without the "plasma
approximation”) shows that for some cases of the quasi-neutral
plasma bunch decay a local violation of plasma electrical neutrality
appears. This leads to the electric field redistribution and affects
further plasma dynamics, while in the "plasma approximation”
plasma quasi-neutrality is preserved every time;

¢ Finally, the known "plasma approximations" are ambiguous. They
require additional physical approximations depending on the
theoretical approach in use. Such approximations in some cases
make the “plasma approximation” less accurate.

Following the comparisons given in this paper, it can be argued that
the "plasma approximation" can be used to study plasma decay without an
external electric field only for a restricted range of dense plasma
parameters. In other cases, the initial quasi-neutrality conditions do not
guarantee the preservation of electrical neutrality during the whole ionized
state decay process making the use of the “plasma approximation”
unacceptable.
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KMHETWYECKOE MOAENNPOBAHWE PACLUMPEHUA
BAKYYMHOW MNA3MbI 3A MPEAENAMU “TMNASMEHHOIO
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Pesrome:

BeedeHue/uenb: OOHUM U3 Ko4e8bIX M00X0008 K peuleHUo Uyesrozo
Knacca 3aday CcO8pPeMEeHHOU (bu3uku nnasmbl S67semcss mak
Hasbigaemoe "mnasmeHHoe npubnuxeHue"”. Haubonee obwee
onpedesnieHue "nnasmMeHHO20 npubrnuxeHUs" - amo meopemuyeckuli
Mo0xo0 K BbIYUCI/IEHUK 3/1EKMPUYECKO20 MOJI1 cucmembi 3apsdos8 8

661

Kozhevnikov, V.Y. et al, Kinetic simulation of vacuum plasma expansion beyond the lplasma approximation!l, pp.650-663


http://dx.doi.org/10.1103/physrevlett.81.2691
http://jetp.ras.ru/cgi-bin/dn/e_022_02_0449.pdf
http://dx.doi.org/10.3390/en14227608
http://dx.doi.org/10.1016/0021-9991(80)90054-6
http://dx.doi.org/10.1007/978-3-662-02658-8_2
http://dx.doi.org/10.1070/pu1968v010n06abeh003709
http://dx.doi.org/10.1088/1361-6595/abc414

QVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2022, Vol. 70, Issue 3

yC/108USIX UX 3fieKmpuYeckol KeasuHelmpasnbHocmu. Llenbro daHHOU
pabombl  sensemcsi  cpasHeHUe  pe3ysbmamog  YUC/IEHHO20
modenuposaHusi KUHemMUYecKux rpouyeccos pacrnada ceycmka
KeasuHelmparnbHoU rnasmbl C aHanumuyYyeckum camMorno00bHbIM
peweHueM aHas02u4yHol KuHemu4yeckol MoOeriu, MOfyYEeHHbIM 8
ycnosusix "nnasmeHHo20 rnpubnuxeHus".

Memoob!: lpusedeHHble pe3ynbmamai nonyy4eHusi
0emepMUHUCMUYECKO20 modenuposaHusi, OCHOBaHHbIEe Ha
8bI4UCIIEHHOM ObHapyeHuu cucmeMbl 06HapyxeHus Bnacoea-
lMyaccoHa.

Pesynbmamebi: CpasHeHUe aHanumu4yecKux eblpaxeHul peweHus
KUHemu4YyeckKux ypaseHeHull 6 "nnasmeHHOM npubnuxeHuu” u
YUCrEeHHbIX peuwleHuld cucmembsl ypasHeHul Bnacoea-llyaccoHa
ybedumernbHO  Mokasblearkm  O2paHU4YeHHOCMb  UCIO/Ib308aHUs
“nnasameHHo20 npubnuxeHusi" e psde crydaese paccMmampusaemol
3ada4u o pacnade nia3mMeHHo20 0b6pa3o8aHUs.

Bbigodbi: Teopemudeckue pe3dynibmamsl O0aHHOU pabomb! uUMerom
bonbwoe 3HavyeHue 07 MOHUMaHUsi Hedocmamkos "nna3meHHO20
npubnuxeHusi", Komopble MO2ym [posieiiMbCS 8 MPaKmMuU4YecKuXx
MPUSIOXEHUSIX 8bIYUCTUMETbHOU (hU3UKU MTasmbl.

Knrodeabie crioga: ghusudeckas KUHemuka, 8akyymMHasi rniasma, pasnem
nnasmbi.
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OBJIACT: cmaumka (onwTa cBojcTBa nrasve)
BPCTA UJTIAHKA: opyruHanHu Hay4Hu pag

Caxxemak:

Y80d/yurb: JeGaH 00 Kiby4HUX npucmyrna pewasarmy 4yumaee Krace
npobnema modepHe hu3UKe rnasme jecme makosgaHa arnpokcumayuja
nnasme.  Hajonwmuje ce OJdecbuHuwe kKao meopujcku npucmyn
u3payvyHaearby efleKmpu4yHO2 Mosba HaeseKkmpucaHux Yecmuya oo
yC/1080M efleKmpuYHe Keasu-HeympanHocmu. Ljurb osoe pada jecme
Oa yriopedu pesynmame HyMepu4Ke cuMyrnayuje KUHemu4ykux npoueca
wuper-a KeasuHeymparsiHe 32ycHyme [ja3Me ca aHalumuykum
pewereM CrU4YHO2 KuHemu4yko2 Mmodesia anu y anpokcumauuju
nnasme.
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Memode: Pesynmamu cy 0obujeHu memodama OemepMUHUCMUYKO2
modesiogarba 3acCHOBaHUM Ha HyMepu4YkoMm peuwery Bnacos-
lMoacoHosoe cucmema jeOHa4YyuHa.

Pesynmamu: [lpedcmaerbeHo nopehewe aHanumuykux uspasa 3a
pelwasare KUHemu4yKux jedHaquHa y arnpokcumauuju riasme, Kao u
Hymepuyka pewera Bnacos-lMoacoHogoe cucmema jeOHa4uHa,
y6edrbugo Mnokasyjy oepaHu4era arpokcumauyuje rniaa3me y HeKuMm
B8aXHUM  criy4dajesuma  pa3mampaHoe npobriema  pacrnadarba
¢opmauvuja nnasmve.

Sakmyuyu: Teopujcku pesynmamu o8oe pada 00 8efluKo2 cy 3Hadaja
3a pasymesar-e Hedocmamaka arnpokcumayuje nnasme 9o Kojux Moxe
0ohu npunuKkoM rnpakmuyHe rnpuMeHe KoMrjymepcke ¢usuke nnasme.

KrbyyHe peyqu: c¢buzuyka KuHemuka, eaKkyyM [asma, ekcraH3uja
nnasme.
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Summary:

Introduction/purpose: The article presents a model of a slow frequency
hopping radio in the case of repeater jamming. The aim is to analyze the
effectiveness of repeater jamming to a military tactical slow frequency
hopping radio.

Methods: It is assumed that the repeater jammer will be successful in
detecting signals with slow frequency hopping at each hop and that it
will  perform successful partial jamming of the intercepted
communication. Under partial jamming, it is considered that a certain
part of the transmission time of each hop will be jammed. A theoretical
analysis of the impact of a repeater jammer on a frequency hopping
radio was performed based on the definition of the total probability of
error. Various parameters that affect the segment of hop duration under
jamming were considered.

Results: The obtained results show that high effective jamming is achieved
even when a short segment of hop duration is jammed. We discuss the
conditions for the repeater jammer to detect the signal during each hop and
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emit the jamming signal with the required strength. It has been shown that
increasing the frequency hopping rate can significantly reduce the
effectiveness of the repeater jammer.

Conclusion: Repeater jammers are highly effective against slow frequency
hopping radio communication systems.

Key words: spread spectrum, frequency hopping, repeater jamming,
error probability.

Introduction

Frequency hopping (FH) radios are designed to avoid narrowband
interference or jamming (Scholtz, 1982). That is achieved by frequent
changes of the operating frequency in a wide range of the spectrum. The
performance of military tactical radio communications is often evaluated
by the low probability of intercept and the anty-jamming characteristics
(Lee et al, 2006). Frequency hopping belongs to the spread spectrum
technology which has a lot of advantages, including but not limited to: anti-
jamming, anti-eavesdroping and secrecy (Zhang et al, 2012). Due to these
advantages, frequency hopping is a very important part of military
communication systems, but also widely used in commercial
telecommunication systems.

Frequency hopping is divided into fast and slow. Fast frequency
hopping is a technique in which a hop duration is shorter than a bit
duration, i.e. one bit is transmitted over several hops. Slow frequency
hopping is a technique in which a hop duration is longer than a bit duration,
i.e. several bits are transmitted within one hop. Slow frequency hopping is
much often used, primarily due to simpler implementation (Torrieri, 1981).

Jammers are malicious radio devices used by attackers to cause
intentional interference in radio communications. Jammers are used to
completely or at least partially prevent the target from efficient use of the
electromagnetic spectrum. Efficient use of the electromagnetic spectrum
represents a successful radio communication between two radio devices.
Jamming is performed by generating a signal with high strength which is
received by the receiver of the jammed device. When a useful signal
arrives at the receiver along with a jamming signal, it is not possible to
extract useful information.

One of jammers classifications is on continuous wave (CW), pulse
and repeater (Todorovi¢, 1994). Based on their bandwidth, jammers can
be classified as: wideband, partial-band and narrowband (Lee et al, 2006).
Also, some other classifications of jamming techniques focus on noise
jamming, tone jamming, sweep jamming and repeater jamming (Zhang et
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al, 2020). There are many other classifications of jamming techniques
(Grover et al, 2014).

In military applications, the ability of the frequency hopping radio to
avoid interference is limited by a repeater jammer (also known as a
follower jammer). A repeater jammer is a device that intercepts a radio
signal, processes it, and then transmits a jamming signal at the same
operating frequency. When the transmitter changes the operating
frequency, the repeater jammer scans the observed bandwidth and
searches for a new frequency to jam again. In the optimal case, the jammer
has the transmitter's hopping rate and the sequence of frequencies. To be
effective against a frequency hopping system, the jamming energy must
reach the target receiver before it hops to the next operating frequency.
Thus, the hopping rate is the critical factor in protecting a radio system
against a repeater jammer (Torrieri, 2015).

In this article, the effectiveness of a repeater jammer in the case of a
radio system with slow frequency hopping is considered. The aim is to
determine how the segment of hop duration under jamming affects the
performance of the frequency hopping radio.

The second section of the article presents a model of a frequency
hopping radio. Section three will present a model of repeater jamming in
the case of slow frequency hopping. In Section four, numerical results and
their analysis are given, while in the last section the most important
conclusions are made.

Model of a frequency hopping radio

Frequency hopping is based on operating frequency change in a wide
range. During communication, the transmitter and the receiver change
their operating frequency in hops, according to a pre-agreed rate and
order, which should remain secret for everyone except them. (Todorovi¢,
2021).

A block diagram of the transmitter and the receiver of a frequency
hopping radio is given in Figure 1 (Torrieri, 2015). Figure 1 (a) shows a
transmitter block diagram. The frequency hopping radio transmitter
consists of a modulator, where some of the conventional digital
modulations are applied. The modulated signal is further sent to the mixer
where it is mixed with the carrier generated in the frequency synthesizer.
The rule by which frequency hopping is performed is generated by the
pattern generator. The pattern generator actually generates a
pseudonoise sequence that defines which next frequency the frequency
synthesizer should be set to.
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Figure 1 — General block diagram of a frequency hopping radio:
(a) transmitter, (b) receiver
Puc. 1— Obuwjas b6riok-cxema paduoycmpolicmea co cka4koobpa3sHol rnepecmpotikoli
yacmomel: (a) nepedamyuk (6) npueMHuK
Cnuka 1 — Onwma 6nok-wema paduo-ypehaja ca chpeKk8eHUUJCKUM CKaKaH-eM:
(a) npedajHuk, (6) NpujeMHUK

The general block diagram of the receiver is shown in Figure 1 (b).
The pattern generator in the receiver is identical and has to be
synchronized with the pattern generator in the transmitter. This ensures
that the operating signal frequencies of the transmitter and the receiver
change simultaneously. The signal from the output of the mixer is filtered,
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thus returning to the frequency band of the applied conventional
modulation. By demodulating such a signal, an output signal from the
receiver is obtained.

T T Td Tf

S r
€< > > > >

Figure 2 — Structure of a frequency hop
Puc. 2 — Cmpykmypa ckayka 4acmombl
Cnuka 2 — Cmpykmypa jeOHo2 (hpeKk8eH UjCKOa CKOKa

The time duration of one hop is called the hop interval and denoted
by Tn (Torrieri, 2015). The structure of the hop interval is presented in
Figure 2. The hop duration can be represented as a single pulse consisting
of several segments. The most important segment, which also lasts the
longest, is called the dwell time and it is marked with Tq. The rest of the
time is the rise time, T;, in order to reach the appropriate level before
emission, and the fall time, Ts, in order to level drop after emission. The
first segment is the silent time, Ts, which is used to set up the frequency
synthesizer. It is short when hops are within the same subband, and much
longer when two neighbouring hops are in different subbands.

Jamming scenario

Repeater jamming is effective against slow frequency hopping
signals. A repeater jammer consists of two parts: a radio signal scanner
and a radio signal generator. At first, the jammer performs spectrum scan
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and detection of received signals (signal intercept) and, based on that
information reacts by generating a jamming signal the strength of which
has enough power to completely degrade the useful signal on the receiver
side (Lichtman & Reed, 2016). The jamming signal must reach the receiver
before the jammed communication system moves to the next operating
frequency. The repeater jammer has to quickly successively set the
frequency synthesizer to different operating frequencies within a wide
frequency range (Lee et al, 2006; Hansson et al, 2015).

The FSK (Frequency Shift Keying) modulation technique is the most
common in frequency hopping devices. It has been shown that the FSK
modulation has additional advantage as the most robust modulation,
especially in military applications (Blanchard, 1982). We assume that the
repeater jammer cover the entire FSK channel. After detection, the jammer
begins to transmit a jamming signal and after a certain time completely
jams the useful signal. The error probability would then be defined as
follows:

pe:p(j).p(e/3)+p(3)-P(e/J), (1)
where are:

— P(Q) — the probability that there is no jamming in a certain period of
hop duration,

— P(e/3) — the error probability when there is no jamming,

— P(3) — the probability that there is jamming in a certain period of
hop duration, and

— P(eld) — the error probability when there is jamming of the useful
signal.

As it is assumed that communication between two radio devices will
be certainly jammed in each hop, the key parameter becomes the segment
of the dwell time that will be jammed.

Figure 3 shows the geometric arrangement of a transmitter (Tx), a
receiver (Rx) and a jammer (Torrieri, 1989). The distances between the
elements are indicated. The distance between the transmitter and the
receiver is denoted by di, the distance between the transmitter and the
jammer with d,, and the distance between the jammer and the receiver
with ds. The directions of signal propagation are represented by arrows. In
order to meet the condition for the repeater jammer to be effective in
jamming, the following inequation must be met:
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d d, d
24T 4T, + T, + =< 24Ty, (2)
c cC ¢

where the remaining undefined elements of the expression are:

— ¢ — speed of propagation of electromagnetic waves through free
space which is 3-108 m/s,

— Tsy — time required to scan the frequency band used for signal
transmission by the repeater jammer,

— Tey—time required for the jammer to set the frequency synthesizer
to the appropriate operating frequency,

— Try — time required for the jammer to reach 90% of the maximum
emission strength (rise time), and

— Ta— pulse duration of the useful signal during one hop (dwell time).

Figure 3 — Position geometry of the jammer, the transmitter and the receiver
Puc. 3 — l'eomempusi nonoxeHusi ezeHepamopa romex, nepedamyuka u npueMHuKka
Cnuka 3 — l'eomempuja no3uyuja omemada, npedajHuka u npujeMHuka

If expression (2) were to be written as follows:
d2+d3£d1+(Td _TSJ _TPJ _TRJ)'Ca (3)

and if it were assumed that the right side of the inequality is constant, then
it would be an expression for an ellipse, where the transmitter and the
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receiver would be in the foci of the ellipse, and the jammer on the ellipse
itself (Torrieri, 1989). If the jammer was outside the ellipse, the jamming
would not be effective. Effective jamming could be achieved in cases when
the jammer is on the ellipse or inside of the ellipse (Torrieri, 1989).

7—s Tr Td Tf
<—>>r<—> <—]
(a)

7-SJ 7-PJ 7-F\’J 7-EJ 7-FJ
<———>

(b)

Figure 4 — Structure of a frequency hop: (a) transmitter, (b) repeater jammer
Puc. 4 — Cmpykmypa ckayka 4acmombl:
(a) nepedamyuka (6) nepedamyuka 0mMeemMHbIX MOMex
Cnuka 4 — Cmpykmypa jeOHo2 (hpeKke8eHUUjCKO2 CKOKa KOO:
(a) npedajHuka, (6) penemumueHoe omemada

Figure 4 shows the segments in hop durations for the transmitter and
the jammer. Figure 4 (a) is identical to Figure 2, and it is used for
comparative representation. In Figure 4 (b), time segments at the repeater
jammer’s hop are shown.

The repeater jammer is scanning the spectrum until it detects a
communication signal. After detection, during processing, the jammer is
setting up a frequency synthesizer on the appropriate operating frequency.
The adequate radiated signal strength of the jammer is achieved during
the rise time. The effective jamming period is in the segment marked with
Tes (time during which the jammer emits and jams).
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The jammer emitted time can be obtained using the following
expression:

TEJ :Th _TSJ _TPJ _TRJ _TFJ : (4)

After the strength of the communication signal decreases for 3 dB of
its maximum, the repeater jammer also decreases its strength in the Tg;
interval (fall time). The rise time and the fall time of the repeater jammer
are shorter than the rise time and the fall time at the frequency hopping
transmitter.

Numerical results

The analysis of the proposed slow frequency hopping radio and the
jammer can be performed based on expression (1). It is assumed in the
case of no jamming, the error probability depends only on the noise and
multipath fading that can occur in the channel during signal transmission.
In this case, the error probability is small enough and communication will
be realized successfully. In accordance with the above, two values of
P(e/3) were considered: P(e/3) = 10 and P(e/J) = 10®. Commercial radios
require a high quality of service (Qo0S), so it is necessary that the error
probability have very low values. In military radios, functionality has to be
provided in hostile environment, so higher values of error probability can
be acceptable.

If there is jamming during transmission, one can assume that a signal
will be completely degraded. Accordingly, the value of P(e/J) = 0.5.

The remaining two parameters from expression (1) are
complementary, i.e.:

P(J)+P(3)=1. (5)

Figure 5 shows the error probability versus the jamming period. Figure
5 (a) shows the entire jamming period for the two cases: P(e/J) = 10 and
P(e/J) = 10%. It can be noticed that two curves almost coincide. This was
actually expected because the values of error probability when there is no
jamming slightly contribute to the overall error probability. For a more
detailed view, Figure 5 (b) shows only 5% of the jamming period. From this
Figure, one can see that these two curves are different for only 2% of the
jamming period.
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Figure 5 — Error probability versus jamming period during a hop:
(a) overall diagram, (b) first 5% of the overall diagram
Puc. 5 — BeposimHocmb owubKu 8 3agucumocmu om riepuoda rnomMmex 8o 8pemsi
nepexoda: (a) obwas duacpamma (6) nepsbie 5% obwiel duazpammbi
Cnuka 5 — BeposamHoha epeuwke y 00HOCy Ha nepuod oMemara moKOM mpajarba xona:
(a) komnnemaH dujazpam, (6) npsux 5% epemeHckoe Oena dujazpama
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Figure 6 — Jammed signal in percent against the hop rate of the frequency hopping radio
Puc. 6 — 3aznyweHHbil cuzHan 8 npouyeHmax rno OMHOWEHUI K Yacmome CKa4yKkoe
paduocessu co ckaykoobpasHoU rnepecmpolikol yacmoma!
Cnuka 6 — lNpoyeHam omemaHo2 cuzHana y 00Hocy Ha b6p3uHy ckakara paduja ca
ppPEKBEHUUCKUM CKaKaH-eM

In order to calculate numerical results based on the proposed model,
we used realistic data for the repeater jammer: di = 30 km, d> = 20 km and
ds = 25 km. The repeater jammer scanning time, the repeater jammer
processing time, and the repeater jammer rise time are Tsy = 150 us, Tp;
= 800 ps and Try = 500 ns, respectively. It is assumed that the FH radio
dwell time is 90% of the hop duration and that the silent time is Ts = 0 s.

The percentage of the jammed signal versus the hop rate is presented
in Figure 6. The hop rate varies in a wide range from 100 hops/s to 1000
hops/s. This figure shows a linear decrease in the percentage of jammed
signals with the increase of the number of hops per second. It can be seen
that the jammer is effective up to a frequency hopping rate of 900 hops/s,
at least in a small percentage for higher frequency hopping rates. For
frequency hopping rates higher than 900 hops/s, the repeater jammer
becomes inefficient.

From Figure 6, it can be seen that over 80% of the hop duration is
jammed when the hop rate is 100 hops/s. For higher frequency hopping
rates, the percentage of jammed signals is lower. For example, for 900
hops/s, the jammed signal drops to around 4.5%.
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Figure 7 once again shows the error probability versus the signal
jamming period during a hop. Here, additionally indicated are two values
of the error probability for the jamming period which corresponds to the
frequency hopping rate of 300 hops/s and 700 hops/s. For 300 hops/s,
about 61% of the dwell time is jammed, which causes a high error
probability of about 3-10. For 700 hops/s, about 23% of the dwell time is
jammed, which also causes a high error probability of about 10, With the
increasing frequency hopping rate, from 300 hops/s to 700 hops/s, the
error probability is decreasing for 20%, but still has high values, even for
robust military radios.

 _ |
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[ |
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Figure 7 — Error probability versus the period of jamming during a hop with the specified
characteristic values
Puc. 7 — BeposimHocmb owubKuU 8 3agucumMocmu om riepuoda nomMex 80 epemsi
rnepexoda ¢ 3a0aHHbIMU 3HAYEHUSIMU Xapakmepucmuk
Cnuka 7 — BeposamHoha epeluke y 00HOCY Ha epuod oMemara moKOM mpajarba xona
ca HazHa4YeHUM KapakmepucmuyHuMm epedHocmuma

Conclusion

Although frequency hopping signal transmission technology was
created primarily to avoid jamming signals, it can still be effectively jammed
using a repeater jammer. Slow frequency hopping is particularly
susceptible to jamming with a repeater jammer. Slow frequency hopping
transmits more bits during one hop and the time spent on one operating

675

Stojanovi¢, N. et al, Analysis of repeater jamming of a slow frequency hopping radio, pp.664-679



QVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2022, Vol. 70, Issue 3

frequency is longer, so the repeater jamming is facilitated by jamming a
certain part of the hop duration.

The considered model of the jamming of the slow frequency hopping
radio simply shows the dependence of the error probability on the jammed
period of hop duration using the total probability equation. It has been
found that the error probability increases significantly after a very short
period of hop jamming. It is assumed that the repeater jammer will be
successful in detecting and jamming each hop.

The success rate of the hop duration jamming was analyzed
depending on the frequency hopping rate. It is shown that the increase of
the frequency hopping rate can significantly degrade the efficiency of the
repeater jammer.
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AHANNS PETPAHCJIMPOBAHHbIX MOMEX PAOMOCBA3U C
MNABHOW MEPECTPOMKOW YACTOTbI

Herad M. CtoaHoBWY2, KOppecnoHAeHT, bpaHucnas M. Togoposuyb,
Bnadumup b. Puctny?

a3 YHuBepcuteT 060poHbI B 1. benrpan, BoeHHas akagemusi, kadegpa
TEeNEeKoOMMYHMKaLMi 1 nHdopmaTtuku, r. benrpag, Pecnybnuka Cepbus

5 IHCTMTYT KoMnbloTepHbix cuctem PT-PK, r. Hoeu-Cap, Pecny6nuka Cep6us

PYBPUKA TPHTW: 47.47.00 PagnonepegatoLine n pagnonpmemHbole
yCTpoucTBa
BWO CTATbW: opurmHanbHas Hay4yHas cTaTtbs

Pesrome:

BeedeHue/uenb: B QaHHOU cmambe npedcmasrieHa MoOesb
paduornipueMHUKa ¢ nnasHoU nepecmpolkol 4Yacmombl 8 crlydae
pempaHcuposaHHbix nomex. Llenbs cmambu 3aknovaemcs 8
rnposedeHuu aHanusa aghgpekmusHocmu rnodasneHusi
pempaHcupo8aHHbIX MOMeX 8 B0€HHOU makmu4eckol paduocmaHuyuu
C rnnasHol cka4ykoobpasHoU riepecmpolikoli Hacmomeal.

Memodei:  [Npednonazaemcs, 4mo ycmpolicmeo  nodasneHusi
pempaHCcIupo8aHHbIX MOMEX CMOXem yCrewHo 0bHapyXume cugHarslbl
C niagHoU rnepecmpoukol Yacmomal rpu KaxkO0oMm rnepexode U 4mo OHO
bydem ycrewHo 8bIMNOIHAMb YacmuyHoe rnodasrneHue
rnepexsavyeHHo20 coobuweHus. [Npu yacmu4yHom rnodaesneHuU MoMex
cyumaemcsi, Ymo onpedesieHHasl Yacmb epeMeHU rnepedayu Kaxdoeo
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nepexoda bydem nodaeneHa. Ha ocHoee onpedeneHuss obuwel
geposimHocmu owubku 6bin nposedeH meopemuyeckuli aHanu3
g8o30elicmeusi pempaHCriuUpOB8aHHbIX MoMex Ha paduocesiab Cco
CKaykamu Yacmombi. Bbinu paccMompeHb! pasnuyHbie napamempbi,
gnusiouUe Ha rPoOOMKUMESIbHOCMb CKaYKo8 npu MomMexax.

Pesynbmamoi:  [lonyyeHHble pe3ynbmambl [0Kasbigaom, 4mo
8bicokasi aghgpekmusHocmb enywieHUss 0ocmuzaemcsi Oaxe npu
rnomexax C KoOpomkol OnumenbHOCMbIO CcKayka. B cmamebe
npoaHanu3upoeaHbl ycriosus, fpu Komopbix ycmpolicmeo rnodasnieHust
pempaHcupoeaHHbIX MoMex O0IKHO 0bHapyKueamb CueHarsl 80 8peMsi
Kax0020 ckauyka u rnpouseodums cuzaHas nodaesnieHusi ¢ mpebyemol
cunoli. B cmambe OQokazaHO, 4MO yegesiudeHUe CcKopocmu
cKaykoobpasHol nmepecmpolku dYacmombl MOXem 3Ha4umersibHO
CHU3UMb 3¢hdheKMUBHOCMb PeMmMpPaHCIUPOBaHHbIX NMOMEX.

Bbigodbl:  PempaHcriupogaHHble  [OMeXU  OKasbi8arm  CUIbHOE
so3delicmeue Ha cucmemy paduocesisu C MIa8HbIMU CKadykamu
yacmombol.

Knouesble  criosa:  pacwupeHue  criekmpa,  ckaykoobpasHas
nepecmpolika Yyacmomsl, a/yuweHuUe pempaHcrisimopa, 8eposimHOCMb
owubKu.

AHAJIN3A PEMETUTUBHOI OMETAHA PAONJA CA CINTOPUM
OPEKBEHLIMJCKNM CKAKAHEM

Henad M. CtojaHoBuh?, ayTop 3a npenucky, bpaxucnae M. TogoposuhS,

Bnadumup b. Puctuh?

a3 YHuBepanTeT oabpaHe y beorpaay, BojHa akagemuja, Kategpa
TenekomyHukaumja n nHdopmaTuke, beorpaa, Peny6nuvka Cpbuja

6 PT-PK UHcTuTyT 3a padyHapcke cucteme, Hoen Caga, Peny6nvka Cp6uja

OBJIACT: TenekomyHwukaumje
BPCTA UJIAHKA: opuruHanHu Hay4yHu pag

Caxxemak:

Yeod/yurb: Y pady je npedcmaerbeH modenn paduja ca Ccropum
bpPEKBEHUUJCKUM CKakar-eM y Criydajy kada je omemaH pernemumueHUM
omMemadeM. AHanu3upaHo je oMemaH-e€ B80jHO2 MmaKmu4ykoe paduo-
ypehaja ca chpekseHUUJCKUM CKaKaH-eM peremumueHUM oMemadyem.

Memode: lNpemnocmasrbeHo je da he penemumueHu omemad bumu
ecbukacaH npunukom Oemekyuje cuzaHana ca CriopuM (OPEeKS8EeHUUJCKUM
CKakar-eM KOO cgaKkoz CKoka U O0a he ycriewHo usspuwumu 0enumMuyHO
oMemare rpecpemuyme KoMmyHukauyuje. 1od denumuyHUM omemarem
ce nodpasymesa O0a he odpeheHu spemeHcKu 0eo mpaHcMUcCUje Ceakoe
xorna bumu omemaH. CriposedeHa je meopujcka aHanusa ymuuaja
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periemumueHo2 omMemada Ha paduo ca (YHPEeKBEHUUJCKUM CKakareM Ha
OCcHosy OeghuHUYUje momariHe seposamHohe epeuwke. Pa3mampaHu cy u
pasnu4umu rnapamempu Koju ymudy Ha OyxuHy nepuoda xona koju he
ycriewHo bumu omMemar.

Pesynmamu: [JobujeHu pe3ynmamu rioka3syjy da ce ehukacHoO oMmemarbe
rocmuxe axko ce omema Manu 0eo mpajama jedHoe CKoka. Y
pa3mampaHuM ycriogumMa pernemumueHU oMmemay Oemekmyje cuzHas
MOKOM ceakoe xora u emumyje omemajyhu cueHan nompebHOM CHazoM.
lokasaHo je Oa ce ca noseharem 6p3uHe (bPEKBEHUUJCKO2 CKaKar-a
MOXe 3HamHO CMarkbumu ymuuaj pernemumugHo2 oMemava.

3akrbyyak: PenemumuseHuU omemayu cy eeoMa echuKkacHu y oMemarby
KOMyHUKaUUOHUX  paduo-cucmema ca CHOpuM  ¢bpeKeeHUUCKUM
cKaKarbem.

KrbydHe peyu: MpowupeHu criekmap, (bPeK8eHUUJCKO CKaKarbe,
pernemumueHoO oMemar-e, eepogamHoha epeuuxe.
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Abstract:

Introduction: In 2020, the World Health Organization announced that
Corona virus (Covid-19) is a global pandemic. Since then, social distancing
and sterilization have become essential as precaution measures to
decrease the infection. The risk of Covid virus spread led people, industries
as well as governments to implement several approaches to control the
transmission rate of the virus. During their daily life activities such as work,
shopping, eating, etc. people touch a lot of surfaces and also open a large
number of doors. This is considered to be one of the fastest ways to spread
viruses because many people touch door handles which are generally
rarely cleaned.

Method: In this paper, the implementation of a cost-effective smart device
has been presented. The device sprays ethanol onto a doorknob from an
ethanol sterilizer after any person touches the knob. The sensor detects a
hand touching the knob, after that a signal is sent to the Arduino for
processing, and then after a 4.5-sec delay, the Arduino sends a signal to the
water pump to pump ethanol alcohols through the nozzle directly to the knob.

Results: The device shows precise and accurate results regarding the
number of uses and the temperature of the surrounding ambient.
Conclusion: The system is applicable in offices and public buildings. Due to
its functionality, it can be of great assistance in decreasing the
contamination of doorknobs.

Keywords: smart sterilizer, arduino, actuators, doorknob, water pump.
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Introduction

Doorknobs are considered to be the most common places for viruses
and infectious bacteria. They are the hotspot of viruses and bacteria since
they are the main means for opening doors (Abdelmoktader & El Far,
2019; Chin et al, 2021; Narayana et al, 2021; Umamaheswari, 2020;
Woodstock & Karlicek, 2020). Regular doors (non-automatic doors),
especially office doors, are opened during the day at least hundreds of
times, when each hand touching them contains a number of viruses or
germs, which leads to an increase in infections among people. The idea of
a smart sterilizing device was realized in order to protect people from germ
infections arising from touching contaminated surfaces. The Arduino is an
open-source electronic prototyping platform on the basis of flexible, easy-
to-use hardware and software. The Arduino controller used in this work
has 14 digital input/output pins (6 out of which can be used as PWM
outputs), and 6 analog inputs. A low voltage switching relay used to
integrate the pump with the Arduino shows the switching functionality
(Rossetto et al, 2021; Katkar, 2021; Gheorghe & Stoica, 2021; De Felici et
al, 2021; Pranata, 2021).

The PIR sensor is used to detect the radiation emitted from a user-
touched door handle and then to send a signal to the Arduino which makes
a decision based on the software program uploaded to it (Zemmouri et al,
2017; Youssef et al, 2020; Saravanamoorthi et al, 2017). There are few
studies regarding sterilizing devices. Seongkeun Kwak et al (Kwak et al,
2013) used a smart device to control and monitor a pipeline-type UV
sterilizer. The device proved to be more convenient and economical than
a regular controller. Eddy et al proposed a design and implementation of
a smart contactless hand sanitizer-dispensing system (Eddy et al, 2019).
Mohammed et al suggested an intelligent system for door sterilization;
despite the fact that the idea was only theoretical, it was good and could
be executed (Alenzi & Abdudayem, 2017).

Theoretical backgrounds of the solution of modern control
engineering design problems are thoroughly discussed and outlined in
(Szabolcsi, 2019). In (Szabolcsi, 2020), Szabolcsi introduced several
theoretical and practical approaches related to computer-aided design and
analysis of modern control systems using MATLAB.

This paper solves the doorknob contamination problem with a cost-
effective smart device controlled by an Arduino controller that can squirt
ethanol from an ethanol sterilizer towards the doorknob after it is touched
by a human hand.
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Research method

The system operation principles depend on the detection of the hand
motion over the doorknob. Figure (1) shows the existing system of a smart
sterilizing system for doorknobs, while Figure 2 shows the system sketch
design in Fritzing software. Fritzing software is open-source software used
to design and simulate electronic circuits before they are actually built in.
The system contains the controller, the Arduino in this particular case. After
the doorknob is touched, the sensor detects the motion over the knob,
sends a signal to the controller, and then the controller, based on the
information coming from the sensor, commands the water pump (the
actuator) to pump ethanol from the sterilizer onto the doorknob to clean it
and sanitize it from germs.

i - - m
Sensor
Door’s Knob “

Figure 1 — Existing system of a smart sterilizer
Puc. 1 - Cywecmsyrouwas cucmema yMHO20 cmepusiu3amopa
Cnuka 1 — lNocmojehu cucmem namemHoa cmepusnusamopa

Motion SensoK

Water Pump A

Arduino
Relay

Figure 2 — System hardware sketch
Puc. 2 — Ocku3 cucmemesl annapamyozo obecrneqyeHus
Cnuka 2 — Ckuya xap0dsepckoe cucmema

System design

A. Arduino:

The Arduino can be described as the brain of the system. It is open-
source hardware; it consists of sets of analog and digital pins that can be
interfaced with various expansion boards, sensors, and actuators (Satam
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et al, 2021). The Arduino controller is widely used in different applications
because of several reasons such as its price, its speed, the easiness of its
use, etc. The controller board is shown in Figure 3.

Figure 3 — Arduino
Puc. 3 — Arduino
Cnuka 3 — ApdyuHo

B. PIR sensor:

A Passive Infrared Sensor - PIR (as shown in Figure 4) is an electronic
device that detects infrared light radiated from objects. It differs from an
active IR sensor which consists of both emitter and detector, the emitter
radiating infrared light and the receiver detecting the reflected radiation
coming from the object. On the other hand, the PIR sensor consists of a
detector only. When an object approaches the sensor, the detector detects
the radiation coming from the object itself. The PIR does not radiate energy
for detection purposes, it only detects the radiations coming or being
reflected from objects (Simeon et al, 2018; Jindal et al, 2019). The sensor
used in this research is Hc-SR501.

The sensor measures 1.2 * 0.9 inches. The front side is covered by a
white Fresnel lens, the purpose of it being to increase the performance of
the lens as well as to protect it. The other side is the PCB circuitry and
other components required for processing information received from the
sensor.

Back Side of Module Front Side of M

Ground / Output  pygitive Voltage / Vec

Negative 5V to 12V DC
Supply /
5

RL
Connection

BISS0001 \iNe
Chip

Time Delay

Triager Modes Adjustment

Figure 4 — PIR sensor
Puc. 4 — [lamyuk PIR
Cnuka 4 — NP ceHsop
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C. Water gear pump:

A water gear pump can be defined as a positive displacement-rotating
pump that moves fluids with the assistance of inbuilt gears. It consists of
two gears which can create a vacuum force to boost the liquid within the
gear. The pump also has other parts such as a shaft, a rotor, and a casing.
The water gear pump working principle is easy to explain. The pump uses
the gear rotating actions to move the liquid. The liquid seal will extend by
the pump case to generate suction at the pump inlet. The drawn liquid can
be included in the rotating gear cavities and moved to the ejection. There
are two types of gear pumps: external and internal ones. They are widely
used. The external gear pump consists of two gears: an interlocking one
and an identical one. The interlocking gear is held up with separate shafts.

The internal gear pump has two gears different in size. The rotor is a
larger gear (Ivanov & Ivanova, 2020; Du et al, 2019).

The water pump in this system pumps 100 ml of ethanol. The authors
did some calculations regarding the time the pump should be ON as well
as the position for the pump inside the device i.e. "the distance between
the pump and the nozzle spray". The pump model used in this research is
CH370-6A. Table 1 shows the pump specifications.

Table 1 — Water pump specifications
Tabnuua 1 — TexHuUYeckue xapakmepucmuKku 800sIHO20 Hacoca
Tabena 1 — Cneyugpukayuje eodeHe nymre

Model CH370-6A
Rated voltage 6 DCV
Rated current 380mA
Inflation time 10s
Pump flow rate 2L/M
Pressure 50mmHg
Life test 30000

Table 1 shows that the pump flow rate is 2 liters per minute. However,
for the system, the amount flow rate needed is 1 ml of alcohol. In order for
this to be achieved, the ON time for the pump should be taken into account.
A simple proportion math ratio is done as follows.

Pump flowrate _ 1ml (1)
60 sec. X
2 0001

Pt from that x= 30 ms which means the pump should be ON

for 0.03 seconds in order to pump 1 ml of ethanol.
The next step is to determine the distance between the pump and the
nozzle inside the device.
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Volume

Q - TIme (2)
Volume (V) = Q.t
V =0.001 = 0.003

V =3%107° liter

V = Area * distance 3)
Distance (d) = Yolume

Area

The diameter of the pump hole is 10 mm

Area = x1? 4)
A =8mm?

d=037m=37cm

From the above, the distance between the pump and the nozzle is 37
cm.

D. Relay:

An electromagnetic switch is used to turn the circuit on and off using
a low-power signal (Figure 5). The relay came in two modes, Normally
Open and Normally Closed. Normally open (NO) means that, when the
relay is not energized, the contact is open. The same principle applies for
the Normally Closed (NC) mode: NC means the contact is closed when
the relay is not energized. (Tin et al, 2021; Alabed et al, 2021)

Figure 5 — Relay
Puc. 5 — Pene
Cnuka 5 — Penej

E. Liquid Crystal Display (LCD):

One of the flat panel displays uses liquid crystals in its operation.
Liquid crystals do not directly emit light. Instead, they use a backlight or a
reflector to create images. The LCD combines two states, solid and liquid,
as shown in Figure 6. The characters can easily be shown on the LCD
screen. (Kobayashi et al, 2021)
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Figure 6 — LCD
Puc. 6 — XKK-ducnnel
Cnuka 6 — /1L

F. Spray nozzle

A spray nozzle is a device that disperses liquids into a spray. The
three uses for the nozzle are: liquid distribution, widening the liquid surface
area, and producing impact force on a solid surface.

G. Power source

A 9-volt battery is used to power the Arduino controller and the other
parts of the system.

Experimental work

The functioning principles of the device depend on combining the
parts described in the previous section. The device represents a new idea
to prevent infections provoked by contamination with germs, or in this case
viruses. The functioning of the electronic circuit of the system is explained
in a few steps given below:

1 - The parts (PIR sensor, Water pump, LCD) are connected to the
Arduino.

2 - When an object approaches the PIR sensor, the sensor will detect
the radiation emitted from the object. Then the sensor sends a signal to
the controller.

3 - The Arduino will receive the signal, process it, and then send a
signal to the LCD and the water pump.

4 - After receiving the signal, the LCD will change the default message
that appears on its screen from “No motion“ to “Motion*.

5 - The system waits for 4.5 seconds and then the water pump
operates: it sucks the ethanol alcohol from the bottle attached to it and
sends it to the nozzle. In accordance with the program software, the water
pump is on for 30ms.

6 - The nozzle will spray the liquid onto the doorknob.

7 - An LCD message appears with the text of “No motion “
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The Electronic circuit and the complete device are shown in Figure 7
(A to D).

Figure 7 — Complete system
Puc. 7 — KomnnekcHasi cucmema
Cnuka 7 — KomninemaH cucmem

Results and discussions

The device proves to be reliable in use and accurate in spraying the
sterilizing material (ethanol) in a moment of use. However, we conducted
several case studies with the device to prove that.

A. Case study Number 1 ( Number of uses )

To measure the effectiveness of the device, we should calculate the
number of uses the device can endure. With a simple software code, the
PIR sensor also worked as a counter to count the number of people who
touched the doorknob. The counter reached up to 589 trials and the device
still performed properly as shown in Figure 8. This case depends on the
delay time for the PUMP "which in this case was 4.5 sec". Unlike
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(Vyawhare et al, 2020), we were to indicate the number of users of the
device.

.
B
[
25
QU
E
)_

b=t b
=MoL

[=]

v 0
o &
NN

f

NO. of Users

Figure 8 — Case study 1
Puc. 8 — N3yyeHue KoHkpemHoeo cnydas 1
Cnuka 8 — Cmyduja cnyqaja 1

B. Case study Number 2 ( Temperature )

In previous research studies, as in (Alenzi & Abdudayem, 2017;
Vyawhare et al, 2020), temperature increase or decrease was not taken
into account. In this work, we include temperature difference as a factor
that can affect the performance of the device. At standard room
temperature (25°C or 68 F), the device works very precisely, which means
the water pump will be ON for 30 ms. We raised the temperature for around
5 degrees and the device still worked properly with a slight difference -
hence the ON mode for the water pump is 45 ms. When we decreased the
temperature of the device for 5 degrees, the ON mode lasted for 35 ms,
as shown in Figure 9.

50
40
30

20
10

0
10 12 14 16 18 20 22 24 26 28 30 32

B Actual ON time ®Ideal ON time

Figure 9 — Temperature effect on the device performance
Puc. 9 — BnusHue memnepamypsbi Ha npou3eodumernbHOCMb ycmpolicmea
Cnuka 9 — Ymuuyaj memnepamype Ha ¢pyHKUUOHUCare ypehaja
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C. Case study Number 3 ( Overlap )

This is an important case study. When the “Motion* message appears,
it means that after 4.5 seconds the water pump will be ON. However, since
someone might hold the doorknob for 4.5 seconds, this is called an
overlap, and to overcome this problem we added another PIR sensor to
the system. The new sensor is located at a point of the door outside the
door to detect the next person trying to open the door. In this case, there
will be no delay for the water pump and it will start spraying alcohol
immediately. Research studies as in (Vyawhare et al, 2020) recommended
not using the device during the sanitation, but in this work we found a better
solution to that problem. Figure 10 shows a flow chart of the case study 3
process.

System ON

[ Delay 5 Sec. ]

Water Pump
[ ON

Figure 10 — Flow chart of case study 3 (Overlap)
Puc. 10 — briok-cxema uccriedogaHusi KOHKPemHo20 cryydas 3 (nepekpbimue)
Cnuka 10 — [ujazpam moka cmyduje crnyyaja 3
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Figures 11(a) and 11(b) show the system performance with the
overlap before and after adding an extra PIR sensor. Figure 11(a)
represents the system without an additional PIR sensor. The result of the
system performance appeared to be a retest for the system which means
that the system with a new person touching the doorknob added extra
delay time to the old one, which means that alcohol was not sprayed by
the water pump. After the addition of the PIR sensor Number 2 to the
system, the performance status changed to “passed® (Figure 11(b).
Accordingly, the new condition for the system worked accurately.

n the past 30 days
4 | . QrFassedr

. 0Blocked

[ I Retest

. EJFa\Ied

—————————

I'\/I
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£
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’
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] | @ SPassed

! | T setoPase
\

| =
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Figure 11 — System performance
Puc. 11 — lNpoussodumernibHOCMb cucmemb!
Cnuka 11 — QyHKUUOHUCare cucmema
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Conclusion

This work deals with a problem of doorknobs contaminated due to
their everyday use. After a thorough study of the problem, the authors
came up with an idea to sterilize the knob and prevent potential infections
or diseases. The work in this paper is new and, more importantly, cost-
effective with a high accuracy. The major problem encountered at first was
the overlapping as mentioned in case study 3 in the Results and
Discussions Section but an effective solution was found. The device is
accurate, reliable, and useful for both private and public premises and all
kinds of doors with knobs. The controller used to operate the device, the
Arduino, is simple, easy to program, low in cost and with a very good
response speed, providing precise results. For future work, fuzzy logic can
be used in order to determine the amount of ethanol needed to be sprayed,
which will enable the water pump to be located at any part of the device.
A camera can be installed instead of a PIR sensor to solve the overlapping
problem.
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PYBPUKA TPHTW: 45.31.31 3nekTpunyeckme annapatbl HU3KOro HanpsiKeHus
B[O CTATbW: opurnHanbHasa Hay4YHas ctaTbs

Pesome:

BeedeHue/uenb: B 2020 200y BcemupHas — opzaHu3ayusi
30pasooxpaHeHusi obbsiguna MuUposyto naHOeMuro KopoHasupyca
(Covid-19). C mex nop coyuanbHoe OucmaHyuposaHue U
cmepunu3ayusi cmanu HeobxodumMbiMu Mepamu mpedocmopoXxHoCmuU
ons YMeHbUWEHUs pacripocmpaHeHusi UHGeKyuu. Puck
pacnpocmpaHeHusi KopoHasupyca rnobyoun nwdel, npoMbIUIEHHbIE
npednpusmus, a makxe rnpasumenibcmea 6HeOpPUMb HECKO/IbKO
crnocoboe KoHMpPOsisi Had CKOPOCMbIO pacrnpocmpaHeHusi supyca. Bo
spemsi ceoeli moscedHesHoU desimesibHOCMU Ha pabome, 8 Maza3uHax,
npu npueomosneHuU nuwu u np. modu npukacaromcsi K 60bUoMy
Konu4yecmey npedMemos, a makxe omkpbiearom  6ornbuwoe
Konu4yecmeo dsepell. A UMEHHO amo U cHumaemcsi 0OHUM U3 caMbiX
b6bIcmpbix crocobos pacrnpocmpaHeHUsl 8UpPycos, MOCKOMbKY MHo2ue
100U mpoaarom 08epHbIE Py4KU, KOMOPbIE 8 OCHOBHOM HE MakK 4acmo
de3uHgbuyupyromcesi.

Memodebi: B daHHOU cmambe npedcmasieHo npuMeHeHue 8b1200H020
YMHO20 ycmpolicmea, Komopoe pacriblisiem crupm Ha 08EepHYH0 PYYKY
rnocne kax0020 KoHmakma. [Jamyuk obHapyxueaem MpPUKOCHOBEHUE
PYKU K py4yke, rocre 4eeo rocbiiaem cuzsHan 6 Arduino 0Ons
obpabomku, a Arduino nocne 4,5 cekyHO rockiniaem cuaHas 8005SIHOMY
Hacocy, Komopbill Yepe3 COM/Io Hanpassiem cmpyro rNPsIMO Ha PyyKy.

Pesynbmambi:  Yempolcmeo roKka3bieaem G8epHble U MOYHbIe
pes3ynbmamsl, y4umbieasi KoIU4ecmeo KOHmMakmos u memrepamypy
OKpyXatouiel cpelbi.

Bbigodbi: Cucmema xopowo nodxodum 018 npuMeHeHuUs1 8 ogucax u
obwecmeeHHbIx 30aHusix. briaezodapsi ceoell PyHKUUOHaIbHOCMU OHa
rpes8ocxo0HO MoMozaem yMeHbWUMb 3a2psi3HeHUe OBEPHbIX PyYex.

Kntouesnle crioga: yMHbIU cmepuniudamop, Arduino, npugolsl, 0sepHasi
pyydka, 800siHOU Hacoc.

ON3AJH U TIPUMEHA MNMAMETHOTI YPEBAJA 3A CTEPUNTN3ALINIY
Y PEWWABAKY NMPOBINEMA KOHTAMNHALINJE KBAKA HA
BPATUMA

Uxab A6dynpaxma+H Catam?, ayTop 3a npenucky, Moxamen Y. 3aeHan®

2 CeBEPHU TEXHMYKM YHUBEP3NTET, OOcek 3a eNneKTPOHCKE TEXHUKE,
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OBJIACT: payyHapcke Hayke, eNneKkTpoTeXHUKa
BPCTA UJTIAHKA: opuruHanHu Hay4Hu pag

Caxemak:

Yeod/yurb: Ceemcka 30pascmeeHa opeaHu3lauuja je 2020. 200uHe
npoenacuna naHoemujy supyca kopoHa (kosud 19). O0 mada je dpxar-e
coyujanHe OucmaHuye u cmepunu3ayuja 00 CyuwmuHCKe 8axxHocmu jep
npedcmasrba npeseHMuBy 3a CMarbusarse UHgekyuje. Pusuk 00
wuperb-a Kosud supyca Haseo je rojeduHue, uHOycmpuje u enade Oa
fpuMeHe pasnuyume HadyuHe Kako bu ce 6p3uHa mpaHcMmucuje supyca
Opxxanna nod KOHMPOsioM. TOKOM C8aKOOHEBHUX aKkmueHocmu, rorym
obasesbarba riocrna, KyrnosuHe unu rpunpeme xpaHe, sbyou 0o0upyjy
8enluKu 6poj nospuwiuHa, a Hapoyumo Keake Ha epamuma, Wmo ce
cmampa jeGHUM 00 HajbpXKuX Ha4yuHa wupeHa aupyca.

Memode: Y pady je npednoxeHa npumeHa ucriamueoe MamMemHoa
ypehaja Kojum ce k8aka Ha epamuma rpcka emaHOsIOM 0C/ie C8aKoe
Kopuwhetba. HakoH wmo ceH3op demexkmyje AoOup o Keauu, cueHas ce
warbe ApdyuHy Ha obpady, a HakoH 4,5 cekyHOU OH 2a npocnehyje
800€eHOj MyMIu Koja Kpo3 MiasHULy ycmepasa mMiia3 emaHosna OUPeKmHo
Ha KeaKy.

Pesynmamu: Y3umajyfiu y o063up 6poj ynompeba u memrepamypy
OKOJIuHe ypehaj noka3syje npeyusHe U mayHe pesyrnmame.

Sakrbyyak: Cucmem je rnpumerug y roc/I08HUM U jagHUM 32padama.
Baxsarbyjyhu ce0joj hyHKYUOHarIHocmu Moxe bumu o0 eenuke nomohu
Mpu cMarbuBatby KOHmMaMuHauuje keaka Ha epamuma.

KrbyyHe peyu: namemHu cmepunudamop, ApdyuHo, akmyamopu,
Keaka Ha spamuma, eo0eHa rnymra.
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Abstract:

Introduction/purpose: To study the adequacy of applying numerical
methods in the modal analysis of complex carrying structures of cranes.

Methods: Comparative application of the analytical method and the
numerical method - FEM.

Results: Some comparative values of the modal parameters were obtained
both analytically and numerically for the derived solution of a gantry crane
carrying structure.

Conclusion: It is shown that the numerical method can give a reliable
general quality estimate of the structural behaviour of a complex carrying
structure from the aspect of modal analysis.

Key words: Carrying structure, modal analysis, analytical method, FEM,
frequencies.

Introduction

The problem of structural dynamics is of great importance in
constructions and design engineering. Modal analysis of conceptual
designs of carrying structures of hoisting machinery is the first and most
essential element of dynamic analysis for the estimation of their dynamic
stability. The process of determining eigenvalues in complex systems with
a large number of degrees of freedom is the most expensive phase in
dynamic analysis (Cori¢ et al, 1998). The first motive for making this paper
is the development of a model of a gantry crane with one pair of rigid legs
and the second pair of hinge-elastic legs for modal analysis. Modal
analysis and continuation of the analysis of dynamic behaviour should
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enable the design of a light and reliable structure. The second motive of
this paper is to present a modern approach to problems in the dynamics
of structures. According to the authors, this type of the gantry crane
structure has not been researched so far.

In older research works, the determination of natural frequencies of
complex carrying structures was based on the use of approximate
expressions and methods (Filippov, 1970). Analytic determination of
natural frequencies was limited to simple carrying structures (e.g. simple
beam and cantilever). In a complex elastic system, solving the frequency
equation was difficult because it contains trigonometric and hyperbolic
functions. Today, mathematical software packages (e.g. Mathematica,
MATLAB, and the others) enable easy solving of the frequency equation
of the oscillation of complex elastic systems. recise determination of
natural frequencies is fundamental from the aspect of optimizing carrying
structures. The method with distributed masses has been treated in
numerous literature books, e.g. (Karanovsky & Lebed, 2001; Krodkiewski,
2008).

However, the use of analytical methods in complex carrying structures
is still limited. In this case, for determining the natural frequencies of a
carrying structure, some of the numerical methods are used. The main
advantage of numerical methods is that very complex structures can be
viewed as reduced models whose analysis from the aspect of engineering
accuracy is sufficient to evaluate the behaviour of complex structures.
Today, the method with consistent masses is very common. For more
details on the finite element method (FEM), see (Bathe, 2016; Zienkiewicz
et al, 2005; Zaimovi¢-Uzunovi¢ & Lemes, 2002).

Analytical and numerical methods for structural dynamics are
considered in a number of papers. In the first selected paper
(Alexandropoulo et al, 1986), for a simple elastic system (a simple frame
with two elements), the effect on the bending eigenfrequencies of the
longitudinal motion, alone or in combination with other parameters, is
thoroughly discussed. In the paper (Oguamanam et al, 2001), the
dynamics of a 3D model of an overhead crane system is considered. The
transverse and longitudinal vibrations of a frame structure caused by a
moving trolley and a hoisted object using a moving finite element are
treated by (Wu, 2008). The paper (Lazarevi¢ & Lazarevi¢, 2018), deals
with the research into the dynamic characteristics (natural frequencies and
movements) of hydraulic excavators. A comparative approach of analytical
and numerical solutions for a jib crane system was explored in (Umar et
al, 2019). The paper (Vasiljevi¢, 2019) focused on comparative modal
analysis of the portals of a type “H” and “X” portal cranes. In a recent paper,
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(Milana et al, 2021) investigates the moving load problem for the lifting
boom of a ship unloader.

Description of the problem

In this paper, the object of the research is a double girder gantry crane
with one side cantilever. Depending on the main girder support method,
gantry cranes can be executed in two ways, as follows:

¢ with both pairs of rigid legs, and
e with one pair of rigid legs and the second pair of hinge-elastic legs.

Gantry cranes with both rigid legs are simpler from the aspect of the
complexity of the carrying structure. So, in papers from the field of dynamic
analysis of gantry cranes, subject studies were only gantry cranes with
rigid connections of both pairs of legs with the main girders. For this
reason, the author of this paper has opted for a modal analysis of the
carrying structure of gantry cranes with one rigid connection and one
flexible (hinged) connection of the legs with the main girders (Figure 1).
For more details on gantry cranes, see (Ostri¢ & Tosi¢, 2005).

The carrying structure of a gantry crane (Figure 1) consists of two
main box girders which are on ends connected to crossbars. The main
girders rely on the boxed legs, one of which is rigid and the other hinge-
elastic. The flexible (hinged) connection is located at the cantilever of the
main girder. The rigid leg receives influences from the trolley braking, while
both legs receive the influence from the crane braking.

This type of the carrying structure of the gantry crane is shown in
Figure 2. For the defined type of the gantry crane carrying structure, modal
analysis will be conducted in the following sections. In this paper, the
modal analysis considering the gantry crane was conducted analytically
and numerically. In the first step, the continuous model is presented, i.e.
the analytical approach for modal analysis. In the second step, the finite
element models are presented, i.e. the numerical approach for modal
analysis.

To obtain all eigenvalues and eigenvectors, it is necessary to perform
a large number of numerical operations. In order to reduce the scope of
dynamic calculation, only the adequate eigenvectors are selected. The
mode shape with a frequency close to the frequency of load of most
influence on the dynamic response of the system is defined as dynamic
load and assumed to be the dominant mode shape.
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Figure 1 — Sketch of a gantry crane system
Puc. 1 — 3cku3 cucmembi KO3/108020 KpaHa
Cnuka 1 — Ckuya cucmema pamHe ousanuue
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Figure 2 — Type of the carrying structure of the gantry crane
Puc. 2 — Tun Hecywel KOHCMPYKYUU KO3/108020 KpaHa
Cnuka 2 — Tun Hocehe KOHCmpyKuyuje pamHe du3anuye
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Continuous model

The continuous model of the gantry crane carrying structure was
adopted (Figure 3). The continuous model is a model with uniformly
distributed masses. This model is a plane frame with the following
assumptions (idealization):
¢ the material of the elements is homogeneous and isotropic,
e the main structural elements are uniform beams,
esthe elements are significant by the transverse oscillation in the
Bernoulli-Euler beam theory,

¢ the transverse displacements of the center of the section are normal
to the longitudinal axis and small in relation to the length of the
element, and

¢ the cross-sections of the elements remain plane and normal to the

elastic line.

The axial and shear deformations and the influences of rotation inertia
can be ignored due to the known structural behaviour of gantry cranes.

zZ Z5

—
? I ZI” s

Z3

A

Figure 3 — Continuous model
Puc. 3 — HenipepbigHass modesib
Cnuka 3 — KoHmuHyanHu moden

Partial differential equations of free undamped transverse oscillations
of the frame elements read:

a2y, (z,t) a%v. (z,t)
! +c2 |

0, i=12234 (1)
at2 o074
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The notations in Eq. (1) are as follows:
e Vi(z,t) — transversal displacements of the element i,
e z—spatial coordinate,
e t—time, and
e C—speed of wave propagation.
The speed of wave propagation c is equal:

_El
pA

c? )

where:
e E — elastic modulus,
o p— material mass density,
e A — area of the cross-section of the element i, and
e |;—moment of inertia of the cross-section of the element i.
Let us look at the solution of differential equation (1) in the form:

Vi (z,t)=Z,(2)T (). 3)
The notations in Eg. (3) are two functions:
e Z{(z) — mode shapes of the element i, and

e T(t) —time function.
The transversal displacements for each element of the frame read:

v, =vy(z,t)=2,(z)T(t), 0<z<L,

V, =V,(Z,t)=Z,(2)T(t), 0<z<L,

Vo =V, (2,t)=Z,(2)T(t), 0<z<H, )

v, =V, (z,t)=2Z,(2)T(t), 0<z<H.

The functions of the mode shapes and the function of time are equal:
Z;(z)=Cych(k;z) + Cysh(k;z) +
+ C,; cos(k;z) + C,; sin(k; z), (5)

T (t) = B, cos(at) + B, sin(at).

Due to the complexity of the elastic system, the functions Zi(z) will be
presented by Krylov functions:

Z,(2)=CyS(kiz) +C, T (kiz) + .
+CaU (k2) + C,V (k;2). ©)

The circular frequency w in the time function in Eq. (5) is equal to:
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@ = ck? =k? i. (7

PA

The frequency of the oscillation f is calculated by the expression:

w k? |El
f=—= : (8)
27 2n '\ pA

Boundary conditions

As the structure consists of four beam elements, it is necessary to
define sixteen boundary conditions. The boundary conditions can be
(Karanovsky, 2004):

e geometric boundary conditions (deflections and inclinations), and
¢ load boundary conditions (transverse forces and bending moments).

On the support of the rigid leg (element 3) there are two boundary

conditions:

Z,(0)=0, (9.1)
—El,Z;(0)=0. (9.2)

At the location of the rigid connection between the main girder and
the rigid leg (elements 1 and 3), there are three boundary conditions:

Z,(0)=0, 9.3)
~E1,Z;(0)=0, (9.4)
—El,Z; (0)=—El;Z;(0). (9.5)

At the location of the rigid connection between the main girder and
the cantilever (elements 1 and 2), there are four boundary conditions:

Z,(0)=0, (9.6)
Z,(L)=0, 9.7)
Z,(L)=2,(0), (9.8)
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~El,Z; (L)=—E1,Z;(0). (9.9)

At the end of the cantilever (element 2), there are two boundary
conditions:

~El,Z;(L)=0, (9.10)
—El,Z; (L) =0. (9.11)

At the location of the flexibly connection between the main girder and
the hinge leg (elements 1 and 4), the following boundary condition is valid:

—El,Z;(0)=0. (9.12)

On the support of the hinge leg (element 4), there are two boundary
conditions:

Z,(H)=0, (9.13)
—El,Z;(H)=0. (9.14)

The boundary condition on the basis of equality displacements of the
end of rigid leg and the end of hinge-elastic leg reads:

Z;(H)=2,(0). (9.15)

Finally, the dynamic boundary condition on the basis of the Law on
motion of the centre of mass of the main girder (element 1) and the action
of the transverse forces at the places of its connection with the rigid leg
and the hinge leg (elements 3 and 4) reads:

—p(AL+ AL )Y, (0,t)=Elv; (H,t)+ELY; (0,t).  (9.16)

This condition, after replacing vz and vafor Eq. (4) and Eq. (6) in Eq.
(9.16i), obtains the following form:

p(AL+AL)Z,(0)w? =El,Z; (H)+ELZ;(0).  (9.16)

Frequency equation
From Eg. (7), the characteristic values k; defined by ki:
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AL i
ki—kl“ﬂ_klgi"_l’z’&él' (10)

From the defined boundary conditions (Egs. (9.1-9.16)), a
homogeneous system of linear equations is formed, from which the
frequency equation follows:

det(F) =0. (11)

The notice F in Eqg. (11) is defined by Eq. (12) and Egs. (13.1) to
(13.11). The frequency equation is very complex because the
combinations of trigonometric and hyperbolic functions depend on a
number of parameters, so that its solution in the algebraic form cannot be
found.

[F]llxll :[Fl FEREREREFRRKRRR Fll]' (12)
The vectors Fiin Eq. (12) read:

F.={-10 T(kL)S(kL)V(kL)000000} (13.1)
F,={0-1LU(kL)T(kL)S(kL)000000} , (132

F, ={00V (kL)U (kL)T (kL)000000}", (13.3)
F,={000-¢& 0V (kL)U (kL)0000}', (13.4)

T
FS:{OOOO—II—Z ;s(le)v(le)oooo} e
1
F, ={00000T (kL)S(kL)0000} (13.6)

F ={&S(k&H) 1,63V (k&H) 0000000

T (k&H) 1:63U (ki &H )}T , (13.7)
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R ={&U (k&H ) 1L,ET (k&H) 0000000

V (k&H) 1,88 (k&GH) (13.8)
F,={0000000S(ké&H)U (k&H)
—1k1|T‘11(A&L+A2L1)}T, (13.9)
Fo={0000000T (k&H)V (k&H)00), (1310
F,={0000000V (k&H)T (k&H)00) . (13.11)

Finite element models

For the gantry crane carrying structure, the finite element models
were adopted:

e Case I: model with 7 finite elements (Figure 4), and

e Case Il: model with 14 finite elements (Figure 5).

The finite element model is a model with consistent masses. The
models are plane frames divided into beam finite elements (plane-frame
element).

This element was adopted based on the following assumptions:

ethe axial deformations of the elements are in accordance with

Hooke's law, and

o the transverse deformations of the elements are in accordance with

the Bernoulli-Euler theory.

The adopted finite element is a combination of a plane element of the
bar type and the element of the carrier type. All elements of the plane
frame are made of steel. The basic characteristics (mechanical and static)
of the element i are:

e pi—mass density of the material,

e E — elastic modulus,

o A —area of the cross-section, and

¢ |;—moment of inertia of the cross-section.
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Figure 4 — Finite element model — 7 FE
Puc. 4 — KoHe4Ho-anemeHmHasi mooesnb — 7 K3
Cnuka 4 — KoHayHoernemeHmHu moodern — 7 KE
LD 2 @30 4D s O ® 7D s ® s D@y
= - > = ) 2 . ° : =
4 ©®9
oD /"\
(11) 13
12 14
15 o
12) (14)
Ny N’
L»X 5

Figure 5 — Finite element model — 14 FE
Puc. 5 — KoHeyHo-anemeHmHasi mooesb — 14 K3
Cnuka 5 — KoHayHoernemeHmHu moodern — 14 KE

The numerical method consists of determining the inertial load along
the element during the movement of the girder, and then replacing the
inertial load with the equivalent nodal load.

The formed reduced models are coarse models based on the
methodology of the reduction of the number of degrees of freedom of the
node, so the box-section is replaced by a beam element.

The carrying structure is modelled with two types of beam finite
elements:

o finite element ik - type (Figure 6a), and
o finite element ig - type (Figure 6b).
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a) b)

Figure 6 — Types of finite elements
Puc. 6 — Turbl KOHEYHbIX 3/1EMEHMO8
Cnuka 6 — Tunosu KoHa4YyHUX eriemeHama

The beam element type ik is a planar frame element with 3DOF in
each node. The beam element type ig is a planar frame element with 3DOF
in the first node and 2DOF in the second node.

In case I, the girder of the carrying structure is divided into 5 finite
elements, while both legs were modelled as one finite element.

In case Il, the girder of the carrying structure is divided into 10 finite
elements, while both legs were modelled as 2 finite elements.

The formed finite element models of the structure are relatively
simple, but they enable sufficiently accurate static and dynamic analyses.
In research, this is a common measure of discretization. Furthermore,
increase in the number of finite elements relate to an increase in the
number of programming operations. Also, the time required to obtain the
dynamic parameters in the software package increases.

For the restrained element on both sides of the constant cross-
section, the vector of the interpolation functions reads:

_1—5 0
0 1-£2 4283
NT = 0 I(&-2L2+¢&%) ’ 9525
& 0 | (14)
0 E2+ 283
0 (2&2+e0) |

For the element that is on the one side restrained and on the other
side with a hinge connection, with a constant cross section, the vector of
the interpolation functions reads:
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1-¢ , 0 .
0 1—35(5)2;51(5)33 )

Ng=[ 0 x=Z1(E) +31(E) | &= (15)
3 0
K GG

The corresponding matrix of masses and stiffness of the line element
i are defined on the basis of the interpolation functions (Eq. (14) or Eq.
(15)) and their first and second derivatives and they read:

— T
M, _Vij NdV, 16)
a — T ! . — "T "
K; —IEN N'dV; Kit—IEN N"dV. an
V \%

The transformation matrix element of the type ik is:

cos® —singd 0 0 0 O]

sin@ coséd O 0 0O O

T - 0 0 1 0 0 O
1o 0 0 cosd sing O (18)

0 0 0 -sin@ cosé O

0 0 0 0 0 1]

while the transformation matrix element of the type ig is:
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[cos® —singd 0 0 0
sin@ cos@ O 0 0
Tg=| O 0 1 0 0 (19)
0 0 0 cos@ sin@
0 0 0 -singd cosd|

The symbol 6 in Eq. (18) and Eqg. (19) takes the following values:
m Case |: 6=0° for i=1...5; 6=270° for i=6; 6=90° for i=7.
m Case Il: 6=0° for i=1...10; 6=270° for i=11,12; 6=90° for i=13,14.

The mass matrix in the global coordinate system is equal to:

G _ 71T
M;” =T, M;T (20)
The stiffness matrix in the global coordinate system is equal to:
G _ T
Ky =T, KT 21)
m Case [:
7
M= Z M, (20.1)
7
K= Z Ki (21.1)
m Case ll:
14
M :ZM“ (20.11)
14
K= Z.: K 21.11)

Similarly to the system mass matrix, the system stiffness matrix is also

decomposed into submatrices. The submatrix of the system mass matrix
by the unknown M, is obtained by decomposing the matrix in Eq. (20.1) or
in Eq. (20.11), while the submatrix of the system stiffness matrix per the
unknown K, is obtained by decomposing the matrix in Eq. (21.1) or the
matrix in Eq. (21.11).
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The circular frequencies of the carrying structure are obtained by
solving the algebraic equations:

det( Ky =@ Mpy ) =0 22)

Equation (22) is complex.
Numerical example

On the theoretical basis given in the previous sections, a numerical
example was given for the derived solution for a gantry crane (MaSinska
industrija Ni§ — Fabrika dizalica, 1981).

Starting data

Table 1 gives the general information about the gantry crane.

Table 1 — General information about the gantry crane
Tabnuua 1 — Obujue ceedeHusi 0 KO3/1080M KpaHe
Tabena 1 — Onwme uHgopmayuje 3a pamHy ousanuuy

Technical characteristics \Value
Payload, Q 10 [t]
Span of the main girder, L 20 [m]
Span of the cantilever, L1 4 [m]
Height of legs, H 8 [m]

The material of the carrying structure is steel S235J2G3. The main
mechanical characteristics of the carrying structure are equal: E=2.1x10"!
Nm?; p=7850 kgmMm3.

Figure 7 shows the cross-sections of the main girder, the rigid leg and
the hinge-elastic leg.

490 B”
i —_ |
B,
|
f m: [ ]
8 10 10 E
+
418 b?! bn
= " a) © B, b) = B, o)

Figure 7 — The cross sections: a) main girder, b) rigid leg, c) hinge-elastic leg
Puc. 7 — lNonepeyHble cevyeHusi: a) anasHol barku, 6) xxecmkol 0fopsbl, 8) WapHUPHO-
no08uUXHOU Ornopb!
Criuka 7 — lNornpeyHu rpeceyu: @) enasHuU Hocad, 6) Kpyma Hoea, 8) 32/106Ho-enacmu4yHa Hoaa
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Results of the continuous model
Table 2 presents the data for the continuous model of the carrying

structure of the gantry crane.

Table 2 — Characteristics of the continuous model

Tabnuua 2 — XapakmepucmuKu HernpepbIigHOU Modesnu
Tabena 2 — Kapakmepucmuke KOHMuUHyarHoa moodesna

Element (i) li [m] Hn [mm] Bn [Mmm] bn [mm]
1 Z1 1000 - -

2 Z> 851 - -

3 Z3 570 587.5 557.5
4 Z4 - 603.5 573.5

Frequency equation (12) is solved using Mathematica software
(Wolfram Research, Nd). In the first step, the characteristic values of k; of
the frequency equation are graphically determined (Figure 8).

In the second step, the characteristic values of k; are localized first
and then their exact values are determined using the command FindRoot.
The first four values are k;={0.0808, 0.16794, 0.23261, 0.2955}. Based on
the characteristic values of ki, according to Eq. (7), the first four own
circular frequencies of the model of the gantry crane carrying structure are
determined (Table 3).

detF
0.10 -

0.05

0'00 L w 1 1 1 1 L L 1 L L L 1 L L | k]

~0.05 |

—0.10"

Figure 8 — Dependence of detF on ki1
Puc. 8 — 3asucumocms detF om ki
Cnuka 8 — 3asucHocm detF 00 ki
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Table 3 — Frequencies of the continuous model
Tabnuua 3 — Yacmomesl HenpepbigHOU Modenu
Tabena 3 — ®pekseHyuje KOHMUHyanHo2 Modena

Circular frequenc Frequenc Period
Mode No [rad/s] eney [Hz? / [s]
1st 12.710 2.023 0.4943
2nd 54.882 8.735 0.1145
3rd 106.146 16.894 0.0592
4th 169.999 27.056 0.0367

Results of the finite element model

m Case |

Table 4 presents the data for the FE model with 7 finite elements of

the gantry crane carrying structure.

Table 4 — Characteristics of the model with 7 finite elements
Tabnuua 4 — Xapakmepucmuku Modesiu ¢ 7 KOHeYHbIMU 3r1ieMeHmamu
Tabena 4 — Kapakmepucmuke modesna ca 7 KOHa4YHUX efleMeHama

Element (i) li [m] Hn [mm] Bn [Mmm] bn [mm]
1.4 5 1000 - -

5 4 851 - -

6 8 570 587.5 557.5
7 8 - 603.5 573.5

Due to its complexity, equation (22) for case | is solved through the
programming code “RV.ModAn-FEM7x7” written in a Mathematica

software package (Wolfram Research, Nd).

Table 5 shows the values of the first four frequency oscillating carrying

structures of the gantry crane (model | - with 7 finite elements).

Table 5 — Frequencies of the model with 7 finite elements
Tabnuuya 5 — Yacmomasi modernel ¢ 7 KOHEeYHbIMU 351eMeHmamu
Tabena 5 — ®pekseHyuje modena ca 7 KOHa4YHUX efleMeHama

Circular frequenc Frequenc Period
Mode No (rad/s] neney [Hz? Y [s]
1st 11.818 1.881 0.5317
2nd 54.682 8.703 0.1149
3rd 140.334 22.335 0.0448
4th 170.249 27.096 0.0369
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m Case Il
Table 6 presents the data for the FE model with 14 finite elements of
the gantry crane carrying structure.

Table 6 — Characteristics of the model with 14 finite elements
Tabnuuya 6 — Xapakmepucmuku mMooesiu ¢ 14 KOHEeYHbIMU 351eMeHmamu
Tabena 6 — Kapakmepucmuke modena ca 14 KoHayHUX efleMeHama

Element (i) li [m] Hn [Mmm] Bn [mm] bn [mm]
1.8 2.5 1000 - -
9...10 2 851 - -
11...12 4 570 587.5 557.5
13...14 4 - 603.5 573.5

Analogically, equation (22) for case Il, due to the complexity, is solved
through the programming code “RV.ModAn-FEM14x14” written in
Mathematica software.

Table 7 shows the values of the first four frequency oscillating carrying
structures of the gantry crane (model Il - with 14 finite elements).

Table 7 — Frequencies of the model with 14 finite elements
Tabnuua 7 — Yacmombi modenel ¢ 14 KOHeYHbIMU 3remeHmamu
Tabena 7 — ®pekseHyuje modesna ca 14 KoHa4yHUX ennemMeHama

Circular frequenc Frequenc Period
Mode No [rad/s] e [Hz]q / [s]
1st 12.525 1.993 0.5016
2nd 56.226 8.949 0.1117
3rd 109.350 17.404 0.0575
Ath 168.327 26.790 0.0373

Mode shapes

Figures 9 and 10 present the shapes of the first two eigenmodes of the
oscillation of the carrying structure of the considered type of the gantry crane.

There are two main mode shapes of the considered structure which are
of the greatest significance for the analysis of the structure dynamic
behaviour. The first mode shape is called the basic form of oscillation.
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A

Figure 9 — 15t mode shape of the crane carrying structure
Puc. 9 — 1 ¢hopma konebaHuli Hecyujeli KOHCMPYKUUU KpaHa
Cnuka 9 — psu 0bnuk ocyunosarba Hocehe KoHcmpykyuje dusanuuye

Figure 10 — 2" mode shape of the carrying structure
Puc. 10 — 2 gpopma konebaHuli Hecywell KOHCMPYKYUU KpaHa
Criuka 10 — [pyeau obnuk ocyunosarwa Hocehe KOHcmpyKyuje du3anuue

Analysis of the results

The analysis of the results shows that the results for the natural
frequencies of the numerical method correspond well with the results of the
analytical method. For a greater accuracy in numerical methods, it is
necessary to apply a greater number of finite elements.
From the aspect of modal analysis, the worst dynamic behaviour of the
construction is reflected in the first mode of oscillation. Also, based on the
same aspect, a good dynamic behaviour requests high first frequency. The
first lowest (basic) vibration frequency of the gantry crane carrying structure
is within the limits of 0.5-3.5 Hz, so the condition for small mass, or its
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slimness, is fulfilled. In accordance with these conclusions, the carrying
structure of the considered gantry crane has the necessary dynamic stability.

The diagram in Figure 11 shows the influence of the number of finite
elements of the carrying structure of the gantry crane on the accuracy results
of the numerical method. This influence is particularly expressed in the third
mode. Of particular importance is the accuracy of the first mode of oscillation.

15k B CM
: B FEM-14
10k O FEM-T

Mode

Mot 1 Mo 2 Mods 3 Mot 4

Figure 11 — Influence of the number of finite elements on the accuracy results
Puc. 11 — BriusiHue Konu4ecmea KOHeYHbIX 371IeMEeHIM08 Ha MOYHOCMb Pe3ybmamos
Cnuka 11 — Ymuuyaj 6poja KoHauyHUX enleMeHama Ha mayHocm pe3ynmama

Based on the results in the previous section, Table 8 shows the
comparative results for the first four natural frequencies of the mathematical
model. The disparity between the analytical method (AM) and the FEM
method is calculated according to the expression:

p=AM-FEM 150 9

Table 8 — Comparative values of the frequencies for the two models
Tabnuya 8 — CpasHumernbHble 3Ha4YeHus1 Yacmom o 08ym MoOesisim
Tabena 8 — YnopedHe spedHocmu hpekseHyuja 3a dsa modena

[FHrif'”e”Cy Continuous model [ 1ne element [Egs]pa”ty
1 2,023 1.993 1,48
f 8.735 8.949 2,45
z 16.894 17.404 3,02
i 27.056 26.790 0,98
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Comparing the values of the natural frequencies obtained by the
analytical method with those obtained by the numerical method leads to
the conclusion that the maximum relative error for the first two modes is
1.48% and 2.45%. The results for the first and fourth frequencies match
best.

Conclusion

The conclusions of the comparison of the continuous model and the
finite element model of the carrying structure of a double girder gantry
crane with one cantilever for modal analysis are:

e Analytical approach is recommended for structures where it is
possible to find solutions of dynamic parameters in the analytical
form;

¢ It is shown that the priority of the numerical approach is reflected
in its possibility to view very complex structures as reduced models
whose analysis results in an estimate that is precise enough from
the aspect of engineering accuracy;

¢ Inthe numerical method, it has been shown with high accuracy that
the results are obtained by dividing a discretized model into a high
number of finite elements;

e It is shown that it is possible to detect the causes of undesirable
behaviour of a structure with the numerical method;

¢ ltis shown that the numerical method can provide a reliable general
estimate of the quality of structural behaviour from the aspect of
modal analysis;

e It was determined that the values of the modal parameters
obtained by the analytical method and the numerical method (FEM)
coincide well from the aspect of engineering accuracy;

e For the first mode, a relative error of natural frequencies obtained
by the FEM (method with consistent masses) in relation to the
exact value (method with distributed masses) amounts to 1.48%;

e The study in this paper can be useful in selecting methods for
researching dynamic behaviours of carrying structures.
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CPABHEHUVE HEHPEPbIBHOI?I MOOENN N KOHEYHO-
SQNNEMEHTHOU MOJENU HECYLLEW KOHCTPYKLUMK KO3/10BOIO
KPAHA OnA MPOBEAOEHUA MOOAITIbHOIO AHAJTIM3A

Pade P. Bacunbesuy

PakynbTeT akageMUYECKNX UCCIIeA0BaHWUIA Cy40X0ACTBa,
r. benrpag, Pecnybnuka Cepbus

PYBPUKA TPHTW: 55.03.14 lNpoekTupoBaHne, KOHCTPYMpOBaHUe 1 pacyeT
MaLUUH U MEXaHN3MOB,
55.51.31 KpaHbl u kpaHoBoe 060pyoBaHue,
30.03.19 MaTemaTtunyeckne metodbl MEXaHUKN
BWO CTATbW: opurmHanbHasa Hay4yHas cTaTtbs

Pe3some:

BeedeHue/uenb: Llenb daHHOU cmambu 3aknodanacb 8 U3y4YeHuu
coomeemcmsyioweao MPUMEHeHUsI  YUCIMEHHbIX Memodos  npu
MOOanbHOM aHaru3e CrIoXHbIX HEeCYLWUX KOHCMPYKUUL KpaHos.

Memoobkl: B cmambe npumeHeH Memod cpasHUMmMesibHo20 aHanusa u
YucrieHHbIU memod — MKO.

Pesyrnbmamai: C noMowbto aHanumuyeckoz20 U YUuciaeHHo20 Memooos
6b1r1U N0OTyYeHbl cpagHUMerlbHbIe 3Ha4eHUs1 ModalrbHbIX napamempos
Orid MPUMEHEHHO20 peweHUsT Hecywel KOHCMPYKUUU KO3/108020
KpaHa.

Bbigo0bi:  Bbino  nmokazaHO, 4MO  YUCMEHHbIU Memod Moxem
obecrieyumsb HadexHyro 2robasibHyt0 OUEHKYy Kadecmea rnogedeHuUs
C/IOXKHOU Hecyuwel KOHCMPYKUUU C MOYKU 3peHusi ModasibHO20
aHarnusa.

Knouesbie crioga: Hecyujas KOHCMPYKUUs, MOOasbHbIl aHasius,
aHanumuyeckuli memod, MKQ3, yacmomei.

NMOPEBEHE KOHTUHYATHOI MOOENA A
KOHAYHOENEMEHTHOI MOAEJIA HOCETRE KOHCTPYKUNJE
PAMHE OUSANUWLE 3A MOLOAJTHY AHAITN3Y

Pade P. Bacurbesuh

Bucoka 6poaapcka Lwkona akagemckux ctyauvja, beorpag, Peny6nuka Cpbuja

OBJIACT: mawnHCTBO, TPAHCMOPTHN ypehajn, MexaHuka
BPCTA UJIAHKA: opuruHanHu Hay4Hu pag
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Caxemak:

Yeod/yure: Lurs pada jecme ucmpaxueare adekeamHOCMU MpuMeHe
HyMepuykux Memola KoO molarHe aHanu3e CrioKeHUx Hocehux
KOHCcmpyKuuja Au3anuya.

Memode: CriposedeHa je yrnopedHa rnpumMeHa aHanumuydke u Hymepuyke
memode — MKE.

Pesynmamu: Nomohy aHanumu4koa u HyMmepudkoza memoda 0obujeHe cy
yriopedHe epedHocmu MoJOarnHuUx rnapamemapa 3a U38e0eHO peuleH-e
Hocehe KoHCcmpyKyuje pamHe Ou3arnuuye.

Sakrbyyak: lNokasaHo je Oa ce HymepuykoMm mMemodom moxe dobumu
rnoysdaHa eniobasiHa oueHa Keanumema roHawara crioxeHe Hocehe
KOHCMpYKUuje ca acriekma mModasiHe aHanuse.

KrbyuHe pedu: Hoceha KoHCmpyKuuja, ModasiHa aHanu3a, aHanumu4ka

memooda, MKE, cppekseHyuje.
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Abstract:

Introduction/purpose:  The principal techniques of regularization
schemes and their validity for gauge field theories are discussed.

Methods: Schemes of dimensional regularization, Pauli—Villars and lat-
tice reqularization are discussed.

Results: The Coleman—Mandula theorem shows which gauge theories
are renormalizable.

Conclusion: Some gauge field theories are renormalizable, the Standard
Model in particular.
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Regularization schemes

Up to now, we have encountered quantum electrodynamics and other
theories such as the scalar potential ¢* and the Standard Model (Fabi-
ano, 2021a,b). In QED, we have seen in some detail how to get rid of
infinities coming from loop integrations and obtain meaningful results for
physical quantities with renormalization. For this purpose, we have used
dimensional regularization, but there are other regularization schemes with
different properties.
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Dimensional regularization

This is the scheme we have already used in (Fabiano, 2021a,b), per-
haps the most versatile one (Bollini & Giambiagi, 1972; 't Hooft & Veltman,
1972). First, a Wick rotation (Wick, 1954) is performed to an Euclidean
space. Then the action is extended to an arbitrary dimension D that be-
comes a complex number. In these regions, all Feynman diagrams are
finite. All integrals are analytically continued for D — 4, and the resul-
ting simple poles due to Gamma functions are to be reabsorbed into the
physical parameters. This scheme, beyond its simplicity, has the great
advantage of preserving all symmetries of the theory that do not depend
on dimensionality such as gauge symmetry, Poincaré symmetry etc., as
well as the Ward-Takahashi identities (Ward, 1950; Takahashi, 1957). A
remark on the notation. We have already encountered the minimal subtrac-
tion scheme MS ('t Hooft, 1973; Weinberg, 1973), where the counterterms
computed with dimensional regularization have no finite part. There is an-
other widely used scheme, the modified minimal subtraction scheme, or
the MS (Bardeen et al, 1978), where the finite part is a constant by means
of the substitution

D1_4—>D1_4+%—%10g47r, (1)
where, as usual, v ~ 0.57721 is the Euler—Mascheroni constant.

Pauli—Villars regularization

In this procedure of 1949 (Pauli & Villars, 1949) the propagator is mo-
dified as:
1 1 1 m? — M?  m?— M> 1
Pom?  pem P2 gt +O(ps> @)
where the fictitious mass is chosen M > m. The propagator behaviour
for large momenta ~ 1/p* is usually enough to render finite all Feynman
graphs. Eventually, the M? — +oo limit is taken to decouple the unphy-
sical particle. This technique has the advantage of preserving local gauge
invariance in QED, as well as Ward identities.

2

Lattice regularization

Another popular scheme is the lattice regularization, where the theory
is defined on a four—dimensional Euclidean lattice with the finite spacing
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a (Wilson, 1975; Kadanoff, 1966). This spacing serves as a cutoff A = 1/a
for the Feynman integrals, rendering the results finite. This approach is
mostly used for QCD, and results are extrapolated to the continuum limit for
a — 0 comparing different lattice spacings. Almost invariably, this method
is used to simulate QCD on computers using Monte Carlo methods. The
symmetry on the lattice is of course lost as Lorentz invariance is broken.
There is also the problem of fermion doubling, with the appearance of more
particles for each original fermion. This approach is also very computatio-
nally intensive with large memory bandwidth requirements.

Overview of renormalization

The divergences are given by graphs with loops. To determine the de-
gree of divergence of any graph we need to know the dimensions of va-
rious fields, coupling constants and the behaviour of propagators at large
momenta. As the action is given by

5= / Pz £($,00) 3)

and has the dimensions of 7, that is zero dimensions in our units, [S] = 0,
then the Lagrangian has the dimensions in length units (for energy units
just reverse the sign)

[£]=-D. (4)

From the free action for a generic bosonic field ¢ and for a 1/2 spin fermion

1, we readily obtain
D—2
[¢] = ——— )]

and D1

[ = ———. (6)
The dimensions of the coupling constants are then easily computed, for
instance in the Higgs potential with g¢*/4! interaction, [g] = D — 4, soin 4
dimension g is dimensionless. We will now calculate the superficial degree
of divergence D of a Feynman diagram. Any diagram with loops could be
represented by

/def(p)—/dpF(p), (7)

(f is made out of different propagators in general) and the behaviour of
F when all internal momenta go to infinity gives the superficial degree of
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convergence D
F(p) ~pPLforp — +o00. (8)

When D > 0, the diagram diverges like a power

A
/ dppPt ~ AP )

while if D = 0 implies a logarithmic divergence, log A, and the integrals with
D < 0 are convergent.

The asymptotic behaviour for large momenta of various propagators are
well known: for bosonic scalar fields ¢ and vector fields A,, it is 1/p*, while
for electron (lepton) fields v is 1/p. In general, the asymptotic behaviour
for a propagator A (p) of a field f is given by

Ag(p) ~p2t%r (10)

and it can be shown that for a massive field f that transforms under Lorentz
group as (A4, B) one has sy = A+ B, so loosely speaking s is the “spin” of
field. For massless bosonic fields, s; = 0. The photon (spin=1) propagator
and also the graviton field g,,, (with spin=2) behave like 1/p.

By power counting, one could calculate the superficial degree of conver-
gence D. Each fermion propagator contributes to p—!, each boson prop-
agator gives a p—2 term, each loop from integration contributes with a p*
term, and each vertex with n derivatives contributes at most with a p™ term.
We will see the superficial degree of divergence for QED graphs in some
detail. Define

L = number of loops,
V' = number of vertices,
Ey, = number of external electron legs,
I, = number of internal electron legs,
E 4 = number of external photon legs, and
14 = number of internal photon legs , (11)

then the superficial degree of divergence is:
D=A4L 214 —1Iy. (12)

We want to rewrite this relation as a function of external legs only, no matter
how many internal legs or loops the graph may have.
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Consider electrons. Each vertex connects to one end of an internal
electron leg. For external legs, only one end connects onto a vertex, thus:

1 1
V=1I,+ §E¢ implies I, =V — §Ew . (13)

For photons, each vertex connects to one end of an internal photon line,
unless it is external, that is

1
V =214+ E, implies IA:§(V—EA) ) (14)

We know that the total number of independent momenta is equal to L,
which in turn equals the total number of internal lines in the graph minus
the number of vertices, because of moment conservation at each vertex,
plus one, as we have overall momentum conservation as well. So:

L=Iy+Is-V+1. (15)

By substituting for I,,, 14, L the expressions found in egs. (13)—(15) into
eq. (12), we obtain

D:4—%Ew—EA. (16)

What is renormalizable?

The procedure of renormalization we have met in QED is not substan-
tially different from any other theory. When calculating Feynman diagrams
one encounters diagrams with momenta integration inside loops. These
integrals diverge, and have to be regularized in some manner, that is, their
divergencies should be isolated. Then these infinities are reabsorbed by a
set of bare physical parameters, such as coupling constants and masses.
These parameters have divergencies that cancel out the ultraviolet infinities
coming from loops in Feynman diagrams. Eventually, we are left with the
physical (or “renormalized” or “dressed”) parameters, that are the actual
parameters one could measure in an experiment.

Since there is only a finite number of such parameters in a Lagrangian,
one can make only a finite number of such redefinitions. In other words, itis
possible to renormalize only a theory with a finite number of fundamentally
divergent diagrams that are the building blocks of all divergent diagrams of
the theory. For instance, QED is such a theory, and we have encountered
those kinds of diagrams in (Fabiano, 2021a,b).
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Of course, all this procedure has to be built on solid grounds, requiring a
sound mathematical proof that this can be actually done. It is usually done
by an induction argument, that is, if one proves that the nth order of a theory
is finite, and the n + 1th order is finite in terms of the nth order, then the
theory is renormalizable. The induction proof uses Weinberg’'s theorem,
which essentially states that a Feynman graph converges if the superficial
degree of the divergence D of the graph and all its subgraphs is negative.

We will now find out whether a particular theory is renormalizable. Con-
sider its Lagrangian and compute the dimensions of the coupling ¢ starting
from egs. (4)—(6). Let d be the length dimension of g, that is

gl =4d, (17)

and from the scaling of the Lagrangian parameters we have met in (Fabi-
ano, 2021b), eq. (16) in particular, for which e = equ=“=2)/2 . we could
deduce the scaling

g~gol™" or g~ gE?, (18)
L being a length scale, E an energy scale, and g, the bare coupling con-
stant. Suppose now that d > 0, then we see that with decreasing distance,
or increasing energy, the coupling constant g increases indefinitely:

g=+4oofor L - 0,0r F— +00. (19)

As the coupling constant increases, perturbation theory will fail; therefore,
it will not be renormalizable.

So, we have obtained the important result: if the length dimension of the
coupling constant is positive, then the theory is non renormalizable. On the
other hand, if d is negative, g — 0 for increasing energy, then perturbation
theory is applicable. In this case, the theory is called super renormalizable.
If the coupling constant is adimensional, then the theory is renormalizable.

Non renormalizable theories

Non renormalizable theories have coupling constants with negative en-
ergy dimensions: for instance, any theory with the interaction g¢™ with
n > 4 in four dimensions. Such theories have infinite divergent Feyn-
man diagrams of infinite different kinds. The proliferation of different types
of divergencies cannot be controlled by redefinition of a finite number of
physical parameters.

Some examples of such theories are:
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Any nonpolinomial action: an action that has an infinite number of terms
like Z:{i‘g gncnd™. Independently of the dimension there will be an
(infinite) number of dimensionful coupling constants with negative en-
ergy dimensions.

Fermi’s interaction: the four fermion interactions proposed by Fermi in
1934 (Fermi, 1934a,b) much before the electroweak theory, G (11))2.
As it is well known, Gp ~ 1/m%,[,, so the coupling has the energy
dimension of —2.

Massive vector boson with a non Abelian gauge group: a vector field
with mass M has a propagator such as

Juv _PMPV/M2
p? — M? + e

that goes like a constant —1/M? at infinity. No integral of a loop dia-
gram could converge with such behaviour.

Gravitation: Newtonian potential is Gmms/r. So G has negative energy
dimensions.

Theories with anomalies: symmetries of the original classical La-
grangian could be broken by quantum effects and are called anoma-
lies. They in turn spoil Ward—Takahashi identities, essential for prov-
ing that a theory could be renormalizable.

Renormalizable theories

These theories are of course the most important ones. They have only
a finite numbers of necessary counterterms, and their coupling constant is
adimensional. Some examples follow.

¢* in four dimensions: a scalar field with such interaction, like the Higgs
potential, has a dimensionless coupling constant g for D = 4. From
hints by the e—expansion method, this theory is also probably free in
four dimensions.

QED: we already discussed quantum electrodynamics in (Fabiano,
2021a,b), and explicitly wrote the counterterms. Historically, it was
the first theory to be proven renormalizable.
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Standard Model: the SM of particles with a gauge group SU.,(3) x
SUL(2) x Uy(1) broken to SU.,(3) x Uen(1) has three adimen-
sional coupling constants (Glashow, 1959; Salam & Ward, 1959;
Weinberg, 1967). Notice, however, that electroweak model alone,
SUL(2) xUy (1), is not renormalizable. The further presence of quarks
is needed in order to cancel all anomalies and render the SM anomaly
free.

Yukawa theory: it is also part of the SM. It describes a coupling between
fermions and scalars given by

9P
the coupling constant g is, as usual, dimensionless (Yukawa, 1935).

Spontaneously broken non Abelian gauge theories: although we
have seen that a massive vector boson is non renormalizable,
spontaneously broken massless non Abelian gauge symmetries are
actually renormalizable. These are spontaneously broken Yang—Mills
theories. The proof was given by 't Hooft and Veltman in 1972 ('t
Hooft & Veltman, 1972), and only after that the usage of gauge
theories was fully justified. It is important to notice that unbroken
Yang—Mills theories are renormalizable only in four dimensions.

Two dimensional fermion theory: for D = 2, a term ($¢)2 of Fermi's
theory is renormalizable there.

Super renormalizable theories

They converge very rapidly, only a finite number of graphs is divergent.
Actually, the degree of divergence decreases when the number of loops
increases.

¢3: in three dimensions, this bosonic theory is super renormalizable. Ho-
wever, this theory is ill-defined because the potential is unbounded
from below, so the vacuum is unstable.

¢*: in three dimensions, this theory is super renormalizable as its coupling
is such that [g] = D — 4, negative for D < 4.

Fabiano, N., Regularization in quauntum field theories, pp.720-733
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Two dimensional boson theory: for D = 2, that is, only time and a space
coordinate, there is a sort of magic. Any theory of bosonic field is
super renormalizable, because the field itself is dimensionless, and

l9] = —2.

Two dimensional theory: combining the results previously obtained, in
two dimensions a theory

P(¢)yn)

where P is an arbitrary polynomial is super renormalizable.

Why gauge theory?

We have followed the full path starting from the Lagrangian to a measu-
rable physical quantity. On our walk, we have encountered infinite quanti-
ties and rigorous results that allow us to get rid of them. All the time we have
dealt with gauge theories that combine Poincaré group invariance (that is
the Lorentz plus translation group) and some internal symmetry groups, the
gauge group, for instance U(1) for QED or SU(3) for QCD.

A question naturally arises whether it is possible to have theories with
different kinds of symmetries than those previously described, which are
able to give physically meaningful results?

This question has been answered by the Coleman—Mandula no—go the-
orem of 1967 (Coleman & Mandula, 1967) and, to a certain extent, the short
answer is “no”.

We recall that the Lorentz group preserves the distance with Minkowski
metric s = xz,g*x,. It has L, generators of rotations, boosts and inver-
sions that obey the SO(3,1) Lie algebra

[Lyws Lpo] = i9uoLup + i9upLpo — igupLve — iguoLyp - (20)

Remember that the Lie algebra is defined by its generators 7'* with com-
muting properties
[T, T = if*Te, (21)

where f2¢ is the structure constant. The Lie algebra is obtained from the
Lie group by taking the logarithm of group elements G.
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The generators L, together with the generators of translations P* form
the Poincaré algebra. While the translations commute among them

[P, P"] =0, (22)

they do not commute with the Lorentz generator, because the latter has
two indices opposed to only one:

(LMY, PP] = igh? PV — igh PP . (23)

Wigner (Wigner, 1939) gave all possible classifications for real particles
from the Poincaré group, where states are labelled by the invariant mass
P? = m?2, the spin s and the helicity h.
1. P2 = m? > 0 and the spin s is discrete, then the state is |m, s),
s=0,1/2,1,3/2,....
2. P? = m? = 0, and the state is determined by its helicity, |k), where
h=+s5=0,1/2,1,3/2,....
3. P? =m? =0, and the spin is continuous, so h is continuous. These
states do not seem to be realized in nature.

Coleman—Mandula theorem

It states that, given some reasonable physical assumptions we will dis-
cuss later, the only possible Lie algebra of symmetry generators consist of
the generators of the Poincaré group and of some other symmetry genera-
tors of the gauge group that commute between them. Let P be the Poincaré
group, P its algebra, and G the symmetry group, G its algebra. Then the
only possible algebra C M of allowed symmetry group CM is given by the
direct product of those two, that is

CM=PxG. (24)

In plain language, it means these two groups never mix, the Lorentz indices
do not affect the group indices and vice versa. For instance, in QED, an
U(1) rotation will not affect electron energy, likewise a Lorentz boost is
unable to flip electron charge.

The assumptions of this theorem are very reasonable. Consider the
scattering matrix S, and its symmetry group CM with the following assump-
tions
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* Mass gap: for any given mass m > 0 there is only a finite number of
particles with mass less than m. No continuous spectrum is allowed.

» Scattering: it occurs at almost all energies except maybe for some
discrete set of energies.

» Analyticity: the S matrix for two body scattering is an analytic function
of angle, energy and momentum, except maybe for some discrete set
of energies.

» “Ugly technical assumption”: stating that the matrix elements of the
group generators are distributions in momentum space.
Under these assumptions, the only allowed algebra for the symmetry group
CM of the S matrix is given by eq. (24).

There is actually a possible way out of this theorem. If one considers a
symmetry that exchanges bosons with fermions, so called supersymmetry,
then it is possible to extend this particular symmetry to the allowed sym-
metries of the S matrix without breaking the Coleman—Mandula theorem,
which is known as the Haag-topuszanski-Sohnius theorem (Haag et al,
1975).

It must be stressed, however, that up to this date supersymmetric par-
ticles are yet to be discovered.
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Abstract:

Introduction/purpose: The paper analyzes the impact of malicious
codes in the cloud. Malicious code is an unauthorized piece of code
that violates the integrity of an application and infrastructure to cause
certain effects, such as security breaches, spread of infections, and
data infiltration from the computer with the help of malicious software -
this is a simple form of data theft which can lead to disastrous
consequences in all segments of society, especially when it comes to
national security. To overcome this challenge, it is necessary to detect
holes in the safety of cloud environments and repair them before the
attackers use these vulnerabilities to bypass the integrated cloud
infrastructure.

Methods: Structural analysis, functional analysis, comparative analysis,
synthesis.

Results: There are many factors for collecting, comparing, and
delivering intelligence data on cloud threats. Cloud applications are
increasingly being targeted because their use to store and share data
with mobile application hosting has been increased exponentially,
enabling industrial automation and business information monitoring
and procurement. In addition, billions of devices on the Internet use the
cloud infrastructure as a background for processing and transmitting
large data sets. Malicious code is easily distributed due to the ease of
sharing documents and files via the cloud.

Conclusion: As cloud technologies are taking a central place in the
world of digital transformation, the threat to the cloud environment is
expected to grow exponentially. This means that organizations need to
ensure that the cyber security position of the cloud infrastructure they
possess is robust and mature enough to combat all relevant security
threats in order to minimize business risks. Understanding the nature
of practical security controls and how they are assessed enables
organizations to build a practical approach to security and privacy in
the cloud.

Keywords: malicious code, cloud, malware, intelligence.
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Introduction

Malicious code (malver) is an unauthorized piece of code that
violates the integrity of an application and infrastructure to cause certain
effects, such as security breaches, the spread of infection, and data
infiltration (it can lead to disastrous consequences in all segments of
society, especially when it comes to national security). Attackers can use
the cloud infrastructure to set up malicious code that performs malicious
operations and unauthorized activities, such as spreading malware,
filtering out sensitive information, and launching additional attacks. This
malicious code can take many forms including scripts, add-ons,
executables, binaries, and applets (any small application that performs a
specific task within a larger program). (Sood, 2021)

Malicious code can (Hutchins et al, 2011):

- spread infections to a large number of Internet users,

- filter out sensitive and critical data from compromised systems,

- use additional online systems to spread infections within the
network,

- install advanced malware, such as remote administration toolkits
(RAT) and ransomware (Some types of rensomers can block a computer
by creating a blackmail message that the user cannot remove without
paying a ransom. Other types can encrypt files. In that case, the user
whose computer is infected is asked to ransom in exchange for
decrypting the data recorded on the disk),

- reconnoiter and collect information about the target environment,

- use endangered infrastructure for additional abuses, such as
launching miners,

- arm compromised systems to act as launching platforms for
targeted and widely based attacks, and

- violate the integrity of cloud-based cloud web sessions.

A complex code can combine many of these functions in
collaboration for infection distribution and data filtering (Sood & Zeadally,
2016).

Malicious code distribution: Download attack model

It is important to understand the most prominent model for
distributing malware and attacks on the Internet. Attackers typically opt
for a download attack (Sood & Zeadally, 2016) that involves creating a
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socially-crafted “fishing” email to encourage a user to visit an attacker-
controlled URL that distributes malware.

An attacker embeds a link in an email with a tempting (or even
ominous) message to trick users into clicking on the link. Let us
understand this model by dissecting its steps:

Step 1: An attacker sends an official email containing a built-in link to
a malware download site. This is called a social engineering technique
because it relies on the interests or emotions of users and tricks them
into clicking on an embedded link.

Step 2: The user opens the link in the email and is redirected while
the browser downloads the contents of the file hosted on the cloud
infrastructure (applications, storage services or instances).

Step 3: The browser automatically downloads the malicious file
located on the cloud infrastructure to the end user's system. Depending
on the type of attack, an attacker can either force the browser directly to
download a malicious executable file or download a maliciously created
file that exploits a vulnerability in the browser to install the payload into
the system. After a successful operation of the system, a dropper is
installed in the system. (Droper is an intermediate file that installs the
final malicious load on the system.)

Step 4: A droper loads malicious code into the user's system, which
can (in some cases) bypass system security checks to perform
unauthorized operations. Upon completion of these steps, a successful
download attack was successfully achieved. The cloud infrastructure
here acts as a launching platform for the distribution of infections (Sood &
Zeadally, 2016).

Similarly, an attacker may host phishing sites (phishing or network
identity theft is an attempt to steal Internet user data through a forged
website) on the cloud infrastructure to steal credentials from the end user
system (Sood, 2021).

Hosting a malicious code in cloud storage services

This allows us to understand the true picture of cloud infrastructure
abuse, especially that of storage services.

Misuse of inherent storage service functionality

Attackers abuse cloud storage service functionality to host malicious
codes and spread infections on the Internet. Attackers take advantage of
cloud storage functionality either through free accounts or by using
compromised accounts to host malicious code. Cloud storage services
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allow users to host files and share links with a specific set of users or
more, that is, anyone who has a link to a file can download the file.

In addition, certain cloud services allow us to download files directly
when the link is opened in a browser without any natification from the
browser. Both of these features allow attackers to host a malicious code,
make it public, and share a connection with large sections of Internet
users. When the user downloads the connection, the file is automatically
downloaded to the system. The first case study is a witty DNS malware.
This shows how attackers can abuse the functionality of cloud storage
service providers to host and distribute a malicious code.

The install.sh file is a bash shell file that, when executed, runs the
specified commands. Looking at the contents of the install.sh file, we
notice the URL for the cloud storage provider.

URL points to /brut.zip?dl=1. Due to its inherent functionality, the
cloud service provider supports binary verification using dl as a
parameter. If the dl value is set to O, the browser downloads the file only
after displaying a natification. If the dl value is set to 1, the browser
automatically downloads it. This indicates that the attacker may force
users to download the gross. zip without any user intervention (Sood,
2021).

Hosting scareware for social engineering

Scareware is another social engineering technique that allows an
attacker to trick (or manipulate) users into believing they have to perform
certain actions such as downloading files, providing specific information,
opening additional links, or buying malicious software. This can either
spread infections or extract sensitive information from the target user.

Attackers use intimidating software in conjunction with social
engineering tricks to force users to perform actions by playing on their
fears, such as sending computer virus notifications, indicating they will be
subject to a tax audit or even pretend to be a bank infringer. Users must
now re-authenticate or verify their account information. Modern attackers
who carry out online scams largely use this intimidating code.

This example of scareware illustrates user fraud by causing fear of
virus infection in the end user's system. This is potentially a phone scam,
because the intimidating software asks the end user to call the specified
number in order to get support and solve the virus problem in the end
user's system. In reality, the real goal is to deceive the user. An important
point is the distribution of this scareware through the cloud storage
service (Sood, 2021).
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Man-in-the-Browser (MitB)

Another client-side attack is Man-in-the-Browser (MitB), which
attackers use to steal the credentials of cloud management accounts by
installing malicious code on the end user's system. There are two
variants of MitB malware. One involves installing malicious code on the
system as an executable file, the other installs it in a browser as a
browser add-on or extension.

Both variants of MitB are capable of bypassing browser functionality
to perform unauthorized operations. These two models of attacks
undermine the integrity of the browser by implementing hooks into the
components of the browser and initiating a process to control the
execution of the task, which ultimately leads to the theft of sensitive
information.

Hooking (Sood & Enbody, 2011) is an inherent technique for
controlling the execution behavior of running processes by intercepting
the flow of communication, which changes the known behavior of the
operating system. In this MitB model, the attacker has already installed
malicious code into a system that has the ability to monitor
communication that takes place from a browser.

Let us say a user opens a cloud management account from a
browser. As malicious code is found in the system, it filters that traffic and
implements hooks to redirect requests that the browser sends to the
domain controlled by the attacker.

If you give credentials, the malicious code steals the credentials
through a hook and leaves the original request to a legitimate server.

The response was received from the server and the communication
was successful. This attack occurs on the end user's system before the
request actually passes through the network. The manipulation is going
smoothly and no one knows that the credentials for the cloud
management accounts have already been stolen. This model reflects the
MitB attack, as malicious code is capable of modifying or stealing
browser communication.

There are, of course, other variations of the MitB attack.

Grabbing form (Sood et al, 2011): Malicious code searches for an
HTML form that an application displays in a browser to request
credentials. For example, it may display a web page to sign up for a
cloud management account. When a user provides their credentials,
malicious code makes a copy of the complete HTML form data, which is
mostly an HTTP POST request, and transmits it to the domain managed
by the attacker. As a result, letters of credit were stolen.
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Inserting Content: Malicious code can easily insert unauthorized
HTML content on the client's side and lead the user to believe that the
content is legitimate. Let us say a user logs into a cloud management
account through a browser. Malicious code can insert HTML content to
trick the user into believing that the content is coming from a cloud
server, but in fact, malicious code on the system injects unauthorized
content into the HTTP response before it is displayed.

In addition to the above techniques, MitB malware can perform
potentially catastrophic operations in active web sessions with the cloud
management console.

We will show a few of them:

Stopping Elastic Cloud Compute (EC2) cloud instances,
Change inbound and outbound filtering rules to change
communication settings,
Inserting malicious code into S3 bins and making it publicly
available to spread malware,
Initiation of workloads for illegal crypto mining operations of
bitcoin,
Data filtering via data backups and recordings,
Gaining access to private S3 baskets,
Deleting other user accounts,
Hosting phishing websites on cloud instances,
Hosting illegal services and advertising accordingly using newly
created unauthorized instances, and
Synchronizing malicious files via cloud agents with storage
services from compromised systems.

It is clear how significant MitB attacks are and have the inherent
ability to abuse the integrity of the operating system and installed
packages (Sood, 2021).

Cloud CLI exfiltration of stored credentials

Cloud administrators and engineers use Command Line Interface
(CLI) tools to execute commands directly in the cloud infrastructure. This
design gives them an easy way to perform operations. However, for CLI
tools to work, they store credentials in a client-side figurative file. The
local configuration is unencrypted and the credentials are stored in plain
text on the end user's machine. If an attacker successfully installs
malware, then it is easy to filter out all saved credentials for cloud
management accounts. Installed malware can easily transfer credentials
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from a hidden .avs directory. Even in this attack mode, the malicious
actor does not directly attack the cloud infrastructure. Instead, they first
compromise the end-user system and then use stolen credentials to
misuse the cloud infrastructure. In addition, they can also use the AVS
CLI package to execute commands on behalf of users on the AVS
account. As mentioned earlier, a malicious actor can perform countless
operations to affect the environment in the cloud (Sood, 2021).

Synchronization token exfiltration via human cloud
attack (MitC)

Man-in-the-Cloud (MitC) (Dulce & Shulman, 2015) synchronization
token filtering (MitC) is another variant of the MitB attack, but in this
scenario, malicious code installed on the end-user system has a built-in
synchronization token targeting module used by various agents installed
on end-user systems to synchronize cloud files. As mentioned earlier,
malicious code running in a compromised system can be very powerful in
interacting with system software and running processes.

Numerous users install cloud vendor software agents to synchronize
files present in dedicated directories with cloud storage. This allows the
user to store the files in the appropriate directory, and the agent will
automatically sync the files. For this, agents need a synchronization
token to verify authentication and authorization for the cloud storage
service before the data synchronization operation begins. To facilitate the
synchronization process, the token is stored on the local machine so that
the user does not have to enter a password every time the
synchronization operation starts. This improves the ability of users to
work seamlessly with the cloud and allows files to be synchronized in an
automated way. If malicious code steals this token, then any device can
sync and access files available in the cloud storage for cloud user
accounts. Attackers use the MitC technique to filter out tokens and use
tokens from various devices to gain access to files or synchronize
malicious files to trigger chain infections. In some cases, malicious code
can modify tokens to avoid detection as a result of missing tokens and
trigger alerts. All in all, the MitC technique is an advanced approach that
abuses the file synchronization mechanism using cloud agents that run
the system.

Infecting virtual machines and containers

Attackers can choose different ways to infect VMs and containers to
inject malicious code or misuse it to perform unauthorized cloud
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operations. Numerous attack models that we talked about earlier can
contribute to the infection process, but there are some additional ways
that attackers can go after targeting VMs and containers.

Exploiting vulnerabilities in network services

Launching misconfigured and unsecured containers and
orchestration frameworks attracts threat actors, who then attack and use
them for evil purposes. Docker containers (Cimpanu, 2020) and
Kubernetes orchestration are often targeted by attackers via automated
malicious code to steal information or launch other malicious useful
content, depending on the design of the vulnerable component.

Inserting code into container images

Endangering the integrity of container images (Remillano, 2020) is
another technique that attackers use to distribute malicious code. A
number of developers use images and it is possible to insert malicious
code into an image and distribute it. When developers retrieve and
deploy a container image in a cloud environment, malicious code is
activated and unauthorized operations are performed, such as scanning
vulnerable dockers on the Internet or installing crypto miners.

Unsecured API endpoints

Unauthorized and insecure API endpoints in containers are the most
prominent vectors for compromising containers and installing malicious
code. Threat actors scan exposed API endpoints for container-based
services and execute code to perform unwarranted operations. One such
example is the malicious code Doki (Fishbein & Kajiloti, 2020) which
scans unsecured Docker images and compromises them for evil
activities on the Internet.

Secretly executing malicious code in VMs

VMs run as background processes without any visible element to
end users. This means that there is no graphical user interface (GUI) for
the VM and the user has no way to interact with the VM using the GUI.
As most VMs share resources, such as disks and resources with the host
OS, it is possible to misuse this design with specially crafted malicious
code. One such example is Ragnar (Arghire, 2020) locker ransomware,
which attackers distribute using a VM without performing ransomware
operations by encrypting files on the host over a guest VM over shared
resources.
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Applying software without patches

One of the biggest security concerns is placing unpatched and
outdated software in containers and VMs. Running code infiltrated with
security vulnerabilities makes the cloud infrastructure vulnerable to
exploitation - for example, running an insecure OS in VMs, placing
vulnerable database software in containers, and so on.

This makes it much easier for attackers to exploit the inherent
software and plant malicious code to perform illegal operations from the
cloud infrastructure. In one case, unpatched Linux server software
(Poston, 2020) was used by attackers to install persistent backdoor or
malicious code to gain access to Linux servers.

Embedding malicious code through vulnerable applications

Deploying vulnerable applications to containers and VMs is one of
the prominent vectors used by attackers to distribute malicious code.
Applications that allow injection attacks, such as multi-site scripting
(KSSS), structured query language (SKL), non-SKL (NoSKL), OS
commands, Extensible Markup Language (KSML), and Simple Object
Access Protocol SOAP), allow attackers to enter unverified useful data
that is executed dynamically. After the successful execution of useful
data, the code provided by the attacker is executed in the context of the
application and unauthorized operations are performed. A recent study
(Millman, 2020) highlighted an exponential increase in attacks on web
applications where the CDN security provider blocked billions of web
layer attacks.

Threat intelligence

Threat intelligence is defined as evidence-based knowledge that
includes detailed system artifacts, events, compromise indicators (IoC),
attack mechanisms, and potential risks for gaining detailed visibility of
system status to proactively detect and prevent threats, including
incidents. In general, evidence-based knowledge can be gathered only if
there is sufficient insight into systems, networks, and overall
infrastructure - including end-user behavior.

Cloud threat reporting

There are many factors for collecting, comparing, and committing
cloud threat intelligence. A number of factors are:
Cloud applications are increasingly being targeted by threat
actors because
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* the use of cloud applications to store and share files with mobile
application hosting, enabling industrial automation, monitoring and
collecting business information, has increased exponentially,

« multiple cloud environments is seamlessly integrated for large-
scale data transfer for sharing and productivity purposes, and

* billions of devices on the Internet use the cloud infrastructure as a
backdrop to process and transmit large data sets.

Malicious code is easily distributed due to the ease of sharing
documents and files via the cloud.

Malicious code is used to filter sensitive data from cloud instances.

Cloud infrastructure is often used for unauthorized operations
such as cryptocurrency mining.

Detecting and preventing security breaches reduces business
risks and potential damage to the brand.

Understanding the behavior of users who communicate with the
cloud is used for fingerprints of suspicious and anomalous behaviors.

Violations of privacy and compliance may occur due to insecure
application of controls.

The effectiveness of security controls is assessed in order to
create defense against threats.

Based on these scenarios, it is vital to gain and import visibility into
cloud infrastructure using organized threat alert operations (Sood, 2021).

Classification of threat intelligence

It is important to understand what we mean by the classification of
"threat intelligence". In general, threat reporting includes contextual
information from multiple resources needed to bring about information
about the threats in particular environment, and then take appropriate
action or precautionary measures accordingly. These actions are specific
to detecting and preventing malware, as well as manual, targeted attack
frames. Within the environment, it is possible to obtain and manage
contextual data (granular event-related details) from multiple resources to
generate threat intelligence.

These resources are:

In-house platforms - internal platforms for handling large-scale
contextual data to build threat intelligence,
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Enterprise platforms - platforms managed by third party
organizations that provide contextual data, which can then be used
directly in the internal platform, and

Platforms open source - community researchers use it to manage
and provide contextual data in open source format, which can then be
used directly in the internal platform to make informed decisions (Sood,
2021).

Basic threat intelligence classification model

Once contextual data has been received, different types of threat
intelligence can be generated:

Strategic intelligence
- threat Intelligence to help make strategic and informed decisions
by conducting high-level analysis and building risk profiles,

Operational intelligence

- threat intelligence related to the mode of operation of attacks
(broad-based, targeted) and threat actors (attackers) associated
with those attacks,

Tactical intelligence

- threat intelligence that reveals details of advanced and covert
techniques, tactics and procedures adopted by threat actors to
launch various attacks,

Technical intelligence

- threat intelligence covering technical aspects of threats, such as
detection indicators that detect the functionality of malware in the
system and the network level to build technical intelligence that
can be incorporated into automated detection and prevention
products (Sood, 2021).

Threat intelligence frameworks

In this section, we consider cyber threat intelligence frameworks that
use a modular approach to implementing the various phases and building
blocks of a mature threat intelligence platform.

Basic information for different cyber threat frameworks: DNI cyber
threat framework. The US government has introduced a cyber threat
framework (ODNI, 2021) to provide a consolidated approach to the
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classification and categorization of various cyber threats. This DNI
framework is designed to provide a common language for describing the
number of cyber threats and related suspicious activities. It also allows
policy makers and researchers to communicate about threat events in a
structured way so that appropriate action can be taken.

The framework emphasizes the rival life cycle, which consists of four
phases: preparation, engagement, presence and consequences. In
addition to these phases, the framework also explicitly relies on
objectives, actions and indicators to detect threats and conflicting
activities.

MITER ATT & CK Framework MITER Corporation provides the ATT
& CK Framework (MITER, 2021) to highlight techniques, tactics and
procedures adopted by opponents to launch either targeted or broad-
based attacks, depending on the conditions. This box provides
information that can be used to categorize various attacks and threats to
be detected in particular environment as part of a threat notification
platform. In essence, the latest version of ATT & CK illustrates the
comprehensive paths of attack from reconnaissance to the persistence
and exfiltration of various attacking entities.

This framework can be used in many ways, such as building threat
intelligence logic, cyber risk analytics, enemy detection / prevention
techniques, technology stack application, and automated attack
assessment. The MITER framework for conducting cyber threat modeling
(Bodeau, McCollum, Fox, 2018) can also be used to detect potential
threats against cloud infrastructure in a proactive way. The framework
enables the dissection of infrastructure and the implementation of threat
modeling by supporting a variety of threat-focused approaches, systems
and assets.

It supports attack characterization using a cyber defense framework
in which risks can be categorized into devices, people, data, network,
and applications. In addition, the risk associated with cloud infrastructure
and how vulnerable the cloud environment is to threats and attacks can
be calculated. Overall, this framework allows the application of threat
information to detect unknown infections by adopting a single standard.
Overall, both the DNI and MITER frameworks provide an efficient way to
use different types of cloud threat information to design threat intelligence
frameworks. These frames can be used directly or adapted to specific
requirements.
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Conceptual view of the threat notification platform

The threat notification platform is designed to enter raw data from
multiple resources and process it to create intelligence that can be used
to detect and prevent threats.

Consider different components:

Data collection

This component is designed to enter large sets of raw data in the
form of records, events, devices and CIDR lists from a wide range of
hosts working in the infrastructure, including different types of networks
and end-user devices. The goal is to collect data on a continuous basis
and maintain it for processing. Data includes objects such as IP
addresses, URLs, domains, file hashes, customer information, and
complete billing for users and services. All types of records are entered,
such as debugging and application execution, cloud service execution,
access and communication protocols.

Data operations

When data is collected, it is passed to the next component for
operations. The intention is to create a structural data format after
performing normalization and duplicate removal operations to build a
generic data format, remove duplicate records, and clear data entries
with missing information. Once the data is normalized and cleaned, it is
transformed into a structural format before validation and analytical
operations are performed on it.

Certified Intelligence

This component handles validated threat intelligence from multiple
sources, such as enterprise security tools deployed in the environment,
enterprise classification feeds, malware family information, and open
source threat sources to link to data operations and analysis machine.
This is validated threat information that is used in conjunction with data
from various organizational resources to build contextual threat
intelligence.

Correlation and data analysis

Once the data structure is in place, it is time to perform data
correlation and analysis using a variety of data science techniques,
including machine learning and artificial intelligence, to link large
amounts of data to detect anomalies and threats located in the
organization of infrastructure. The goal is to detect threats that are in the
system by analyzing raw data and using threat intelligence to reveal the
time frame of the threat.
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Contextual intelligence threats

Contextual Intelligence Threats (CTIl) emphasizes threats that are
found in systems in significant detail with the intention of showing
business risks to the organization. CTI can provide very specific insights
into the various assets used in infrastructure, including end users, and
assess how prone these entities are to malware infections or are already
infected with malicious code. This component also provides the ability to
search for contextual intelligence for any particular entity (end user,
system, and device). CTI can also be used for other purposes, such as
performing risk mapping and proposing safety remedies. It may be
particularly useful to specify areas of unacceptably high risk and
exposure.

Understanding compromise and attack indicators

The Compromise Indicator (IoC) highlights data or metadata that
reflects potential system compromise or the presence of threat actors in
the environment, especially in this context, the cloud infrastructure. The
IoC can help assemble the automated response needed to detect a
threat in the environment so that appropriate prevention steps can be
taken. Threat intelligence and security solutions import the l1oC database
to instruct tools to scan network data and endpoints from different
systems in the infrastructure to detect network and endpoint threats,
respectively. Another term used in the same context is Attack Indicators
(loA), which provides information regarding a potential attack that is
ongoing or has previously been performed on cloud infrastructure. The
primary difference between the 1oC and the I0A is that the 10C indicates
that a compromise has been reached, while the l0A reflects that the
threat actor launched the attack, but there is no confirmation of a
compromise. In order to obtain a detailed context on the security stance,
an alert triggered by scans, assessments, and other security software
must be linked using IoC and IoA to make specific calls about potential
threats to the system and determine how they arose (Sood, 2021).

Understanding malware protection

It is crucial to apply inherent security protection in a proactive way to
defend against malicious code and thus significantly reduce the impact
and risk on the organization.

Proactive security mechanisms help prevent the spread of malicious
code by detecting infections and stopping problems in early stages of
infection. This helps to significantly reduce business risk, and thus
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reduce the occurrence of security breaches. The term "protection” here
includes both "detection" and "prevention”. This means that "malware
protection" includes security mechanisms and strategies for the
implementation of "malware detection" and "malware prevention" controls
(Sood, 2021).

Malware detection
Controls that can be applied to detect malware in the cloud.

All cloud computing instances (hosts) should have a Host Intrusion
Detection System (HIDS) installed that is able to do the following:

» Apply File Integrity Monitoring (FIM) to assess changes that occur
in system files and maintain the state of the modified file. The goal is to
check for file integrity violations on critical cloud servers.

» Detect anomalies using log analysis to build a risk attitude so that
potential security risks can be analyzed. Detecting anomalies also helps
identify potential attacks targeting cloud instances, such as brute force
and cracking accounts. This technique is also called log-based intrusion
detection (LID).

* Process and file level analysis to detect malicious code, such as
rootkits running on the system. HIDS enables the detection of suspicious
and hidden processes in critical cloud servers in order to detect possible
infections.

All critical servers must have antivirus mechanisms installed to
scan for malicious code (viruses, trojans, ransomware and rootkits)
running on the system. Antivirus programs are updated at regular
intervals with advanced signatures and heuristics to stay up to date to
detect malicious code in the system. The antivirus engine has a built-in
ability to scan documents, executables, mail and archive files to detect
malicious code.

Scan files stored in cloud storage to detect potentially malicious
code. By default, storage baskets do not have the built-in ability to check
the nature of files. Either a third-party security solution or a cloud vendor-
specific security service must be implemented to scan files in the storage
bin for malware.

Implement an improved scanning process to dissect the contents
of files uploaded to cloud services to detect the presence of malicious
code. This content verification check must be enabled for each file
upload feature in cloud applications.

748



Implement scanning of the content of specially embedded links
and attachments for emails associated with cloud accounts, such as
0365, to detect phishing attacks, such as

+ embedded URLs that point to malicious domains for download
attacks and

« attachments that contain malicious files resulting in malware
installation.

Check the integrity and security of third-party applications
integrated with cloud accounts for enhanced functionality to ensure that
malicious files are not served through these third-party services.

Always scan network traffic for intrusion detection by dissecting
network traffic and related protocols to detect command and control
(C&C) communication, data exfiltration, and sensitive data leakage. In
addition, scan the network traffic for malicious code that served as part of
the download attack and the spread of the infection.

Mandatory implementation of a system for detecting suspicious
behavior of end systems in relation to critical cloud services displayed on
the Internet. For example, for attempts to retrieve accounts that target
SSH and RDP services, the end customer sends multiple brute force
requests and account breaches to gain access. The same system of
behavior should detect a wide range of attacks and malicious code.

Perform periodic Azure authentication checks from Active
Directory Federation Services (ADFS) to ensure that all authentication
traffic flows properly through the ADFS instance and that no “golden
SAML” cards have been created to bypass normal authentication
(Vijayan, 2020).

Malware prevention

If any malicious files detected during the scanning process are
implemented at the operating system level, ensure that the quarantine
file takes place in an automated manner to avoid any interference. This
helps filter out malicious files on the fly and restrict access to, share or
transfer malicious files.

While uploading files to the cloud environment, i.e. application or
storage services, if the file is found to be malicious in nature, it should be
discarded, never stored in storage bins. This helps prevent malicious files
from spreading after storage.
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During the email scanning process, if malicious files are detected as
part of an attachment or malicious URL, apply automated quarantine to
filter emails that contain malicious content.

During the network scanning process, if intrusions are detected,
make sure that the intrusion prevention system restricts malicious code
and communication to prevent malicious code from reaching the end
user's system via the cloud.

If the system detects a data leak during the on-line scan process in
which the contents of the file are scanned to see if any sensitive data is
present in the file, make sure the system restricts file sharing with other
users and filter accordingly. A file containing sensitive data can be
transferred as part of a data exfiltration process using malicious code.

Since systems detect suspicious communication using behavioral
tracking, such as retrieval attempts, be sure to blacklist the end customer
by limiting the IP address to prevent retrieval attacks. Make sure that all
software running in the cloud has no vulnerabilities. If vulnerable
packages or network services are found to be active, make sure patches
are applied to remove vulnerabilities or poor configuration in the cloud
environment. Make sure that there is a strong strategy for backing up and
recovering the implementation in case of a ransomware attack. This
helps administrators recover damaged data from backups at some point.
In general, the detection and prevention of malware depend on each
other to protect against malicious code in the cloud. This is because in
order to prevent malicious code infections, they must first be detected.
This means that gaining insight into the work of malicious code is the
most important task. Once an understanding of the malicious code and
how it affects the cloud infrastructure is gained, preventative solutions
can be applied to completely disrupt the life cycle of the malicious code.
Thus, a complete malware protection framework can be applied to
prevent malicious use of cloud infrastructure (Sood, 2021).

Techniques, tactics, and procedures

Threat intelligence plays a significant role in building proactive and
reactive security approaches in the fight against malicious code in the
cloud. They also allow risk analysis to be performed to determine the
level of risk associated with critical hosts, applications, and services
deployed in the cloud. Threat intelligence also helps identify technigues,
tactics, and procedures (TTPs) used by threat actors and malicious code.
Using threat intelligence, mechanisms can be put in place to assess the
effectiveness of security controls in the environment and to verify that the
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security stance is robust enough. Overall, it is an important condition to
have an internal threat alert platform to implement rigorous cloud
infrastructure security procedures and processes. Applied intelligence on
threats helps to prevent the abuse and exploitation of the cloud
environment (Sood, 2021).

Conclusion

The attackers are targeting the cloud infrastructure to carry out
cybercrime and vile Internet operations. The attackers use the cloud
infrastructure for various attacks, such as distributing malicious code,
launching crypto mining operations, running DDoS, filtering sensitive
information and more. As cloud technologies take center stage in the
world of digital transformation, threats to cloud environments are
expected to grow exponentially. This means that organizations need to
ensure that the cybersecurity position of the cloud infrastructure they
possess is robust and mature enough to combat all relevant security
threats so that business risks are minimized. To overcome this challenge,
it is necessary to detect security holes in cloud environments and fix
them before attackers take advantage of these shortcomings to
circumvent the integrity of the cloud infrastructure. Understanding the
nature of practical security controls and how to evaluate them enables
organizations to build a practical approach to security and privacy in the
cloud. There are no shortcuts to cloud security because it is an ongoing
process which requires constant improvement how technology evolves.
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BPEJOHOCHbIV/ KO B OBTIAYHOM XPAHWIULLE

[pazaH 3. JambsHOBUY
Hes3aBUCUMBbIN nccrnegoBaTenb, . 3peHsiHuH, Pecnybnvika Cepbus

PYBPUKA TPHTW: 20.23.25 HdopMaLMOoHHbIE cUCTEMbI C 6asammn 3HaHWUIA,
81.93.29 VHdopmaumoHHas 6e3sonacHocTb. 3awuTa
WHpopmaymm
BWO CTATbW: o63opHas cTaTtes
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Pesome:

BeedeHue/uenb: B 0daHHOU cmambe aHanusupyemcsi eJusiHue
8ped0OHOCHbIX K0O0o8 8 obnayHoMm xpaHunuuwe. BpedoHocHbIl K00 —
3MO HeCaHKYUOHUPOBaHHbIU chpaesmeHm Koda, KOmopbil Hapywaem
UesI0CmMHOCMb MPUIOXEHUST U cemegoll UHgbpacmpyKkmypsbl, 8bI3bieasi
onpedersieHHbIe rnocnedcmeus, makue Kak: HapyweHue
6e3onacHocmu, pacrnpocmpaHeHue UHGeKyul U MPOHUKHOBEHUE 8
KOMrbtomepHble OaHHbIE C MMOMOWbI0 8peO0HOCHO20 MPo2PaMMHO20
obecrieyeHusi. MHbIMU criogamu, peyb udem O [pPocmol Kpaxe
O0aHHbIX,  Komopasi ~ Moxem  fpusecmu K  HeusernadumbiM
rnocnedcmeusiM 80 8cex cghepax obujecmea, yepoxas mem cambiM
HayuoHasnbHou 6e3zonacHocmu. [nsg moao 4mobbi npeodoriemsb amy
npobnemy, Heobxodumo obHapyxumb Obipbl 8 be3onacHocmu
obrnayHbix cped u ycmpaHume ux 00 MO20, KaK 3/10YMbIWIEHHUKU
gocrionib3ytomecsi  umMu  0ng obxolda  uHmeepauuu  obrayHou

UHGbpacmpykmypeil.

Memodhi: B cmambe ucrosnb3o08asnuch: CMpYKMypHO-
OYHKYUOHaMNbHBIU aHanu3, cpasHumersbHbIl aHanu3s u mMemod
CuHme3sa.

Pesynbmamei: Cywiecmseyem MHOXecmeo ¢hakmopos Onsi cbopa,
cpasHeHus u npedocmasneHusi pasgedbieameribHOU UHhopmayuu ob
obnayHbix yeposax. ObrnayHbie MPUIOXEHUS 4Yacmo CmaHo8smcs
MULWWEHbI0, OCKOMIbKY UX UCIMOMb308aHUe Ofii XpaHeHus u obmeHa
0aHHbIMU C XOCMUH20M MOBUIBHbIX [PUMIOXKEeHUU pacmem 8
eeomempuYeckoll  fpozpeccuu, 4Ymo [10380/59em OCyuw,ecmensime
MPOMBIWIIEHHYIO asmomMamu3ayuto, MoHuUmopuHe u cbop denoeol
uHghopmayuu. Kpome mozo, munnuapdbl ycmpolcme 8 UHmMepHeme
ucrionb3yrom obraqyHyto UHpacmpykmypy 8 kadyecmee ¢poHa Ons
obpabomku u nepedayvu 6onbuwiux maccueog daHHbIX. BpedoHocHbIL
KOO JleekO  pacripocmpaHsemcs u3-3a npocmomsl  0bMmeHa
dokymeHmamu u palinamu yepes obnako.

Bbigo0bi: lMockonbky ~ obnayHbie mexHonoauu  3aHumarom
ueHmparnbHoe Mecmo 8 Mupe yugposol mpaHcgopmayuu,
npedrnonazaemcsi, 4mo  y2po3a  obrnayHol  cpede  bydem
3KCroHYyuanbHo pacmu. 3mo o3Hayaem, 4mo Ond mo2o 4Ymobbl
MUHUMU3UpOB8amb  OU3HEC-PUCKU  OpaaHu3ayussM  Heobxodumo
obecrieyumb  ceepxHadexHyro  cucmemy  kubepbesonacHocmu
obriayHol UHbpacmpykmypbl, Komopasi CMOXem [pomugocmosimsb
ecem yepo3am be3onacHocmu. lMoHumaHue Xxapakmepa
npakmu4eckux cpedcme KoHmposnsa 6esonacHocmu u crocobos ux
OUEHKU MOMOXem opaaHu3ayusM ebipabomamb rpakmu4eckuli
nodxo0 Kk obecrnieyeHuro b6e3zonacHocmu U KOHGudeHUuarnbHOCmMuU 8
obnake.

Knrouesbie cnosa: 8pedoHOCHbIlU KOO, obriako, gpedoHocHoe [10,
UHMesnnekm.
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3NNOHAMEPHUM KO Y OBJIAKY

HpazaH 3. damjaHoBuh
He3aBUCHW UCTpaxusaY, 3perwaHuH, Penybnvka Cpbuja

OBJTACT: nHcdbopmauunoHe TexHororuje
BPCTA YJ1IAHKA: nperneaHu pag

Caxemakc:

Yeod/yurb: Y pady je useplweHa aHanu3a ymuuaja 3fioHaMepHUX Kodosa
y obnaky. 3noHamepHuU K00 (Marnieep) HeoenawheHu je 0eo koda Koju
Hapywaea UHMezpumem annukayuje u uHgpacmpykmype Kako 6u
u3asgao odpeheHe eghekme, Kao WMo cy Hapyuwasare be3bedHocmu,
wupere UHgekyuje u uHpunmpauyuja nodamaka ca padvyHapa y3 nomoh
3510HamepHoz cogpmeepa (padu ce o jeOHocmasHUjoj Kpahu noGamaka,
Koja moxe dosecmu 00 noz2ybHux nocneduuya y ceuM ceameHmuma
Opywmea, nocebHo kada je y numarby HauyuoHarnHa 6es3bedHocm). Kako
bu ce osaj u3za308 rpesasuwWwao, HEONXOOHO je omkpumu b6e3bedHocHe
pyrie y oKpyxxersuma y obriaKy u rnornpasumu ux rnpe He2o wmo Harnadaqu
uckopucme  ose  Hedocmamke U 3aobufly  uHmMespumem
UHebpacmpykmype obraka.

Memode: CmpykmypHa  aHanusa, ¢pyHKYUOHanHa  aHarnusa,
KOMrapamueHa aHasu3a, cuHmesa.

Pesynmamu: lNocmoju mHO20 Memoda 3a npukyrirbare, nopeheme u
docmasrbarbe obasewmajHux nodamaka o ripemrama y obnaky. Kmnoyd
annukayuje cy cee yewhe Ha memu akmepa rnpemmu, jep ce ynompeba
annukayuja y obnaky 3a cknaduwmerne u Oerberse damomeka ca
XocmuHaoM MOBUHUX arnnukayuja, Koje omozyhaeajy UHOyCmMpUjcKy
aymomamus3sauyujy, npaherse U rnpukyrnbake rnocrosHUX UHghopmayuja,
ekcrioHeHyujanHo rnosehana. [lloped moea, munujapde ypehaja Ha
UHmMepHemy Kopucme UHgpacmpykmypy obriaka Kao no3aluHy 3a
0bpady u rpeHoc 8euUKUX cKyroga rnodamaka. 3rnoHamepHU Koo ce 11ako
Oucmpubyupa 36oe nakohe derbera OOKyMeHama u damomeka fpeKko
obraka.

Sakrbyuak: Kako mexHosiozuje obrniaka 3ay3umajy UeHmpasnHo Mecmo y
ceemy OueumarHe mpaHcgopmayuje, odekyje ce 0Oa he npemme
OKpyXerwsuUMa y obraky eKcrioHeHyujanHo pacmu. To 3Hadu Oa
opzaHu3zauuje mpeba da obe3bede da cajbep 6e3bedHocHa rno3uyuja
UHgbpacmpykmype obriaka kojy nocedyjy 6yde doeorbHO pobycmHa u
3pena 3a b6opby rnpomug ceux penegaHMHUX 6e36e0HOCHUX rpemHU
Kako 6u ce MUHUMU3Upanu MocrosHU pusuyu. Pasymesarse npupode
npakmuyHux 6e36e0HOCHUX KOHMpO/a U HaduHa Ha Koju ce OHe
npoueryjy omoeyhaeajy opeaHusauyujama Oa u3sgpade rpakmu4yaH
npucmyn 6e3bedHocmu u ripugamH{ocmu y obnaky.

KrbyuyHe peudu: 3rioHamepHU ko0, obnak, maneep, UHmernuaeHyuja.
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CABPEMEHO HAOPY>XXAHE N BOJHA OMNPEMA
COBPEMEHHOE BOOPY>XEHVE 1 BOEHHOE OBOPYJOBAHVE
MODERN WEAPONS AND MILITARY EQUIPMENT

KoHBeHLMOHanHe nogmMopHuLe ocTajy Ayxe nof soaom?!

MoamopHuyke cHare wumajy cee Behy notpeby 3a [OejcTBOBawkeEM Y
npuobanHum Bogama y oyXeM uHTepBsany.

3axBarbyjyhm cBojum cnocobHoCTMMa [Jda ocCTaHy HeBUASbMBE TOKOM
6opaBka ucnoj Boae, AM3en-enekTpudHe NOAMOPHULE NOCTajy BPMo edumKacHe
nnatcdopme 3a 3abpaHy u ogspahare nnoBnaGoM MOPCKUM NOBPLUMHAMA.

MeRyTuM, 3a pasnuky oA HykneapHUX NOAMOpPHWLA, AU3en-eneKkTpuyHe
NOAMOPHULIE HE MOTy HeorpaHuW4eHo ocTaTW noAd BoAOM 360r orpaHuyera
eHepreTckor cknaguwTexa. )J,Msen-eneKTpque noaMoOpHMLUEe Ha noBpPLUNHA
KOpucTe CBOje Ou3ern-reHepatope 3a CTBapake enekTpuyHe eHepruje, anu ce
OHV race NpWIMKOM 3apoH-aBakba, Na ce enekTpuyHa eHepruja 3a noroH u apyre
onepaTtuBHe cCuUCTEMe, Kao W 3a cucteme ogpxasawa, obesbefyje wu3s
akymynaropa.

E' .-- — ﬂ : :
lModmopHuya weedcke opHapuu
sas0yxa Stirling, cHaze 75 kW, koju joj omozyhyje da ce dge Hederbe Kpehe nod sodom
6p3uHom 00 4 yeopa

Ousen-motopu He page [OK je noaMopHuua nod BOAOM, jep UM je
notpebaH KNCEOHUK 3a caropeBar€ ropvBa, a nopes Tora eMUTyjy LUTeTHe
racose. Kaga ce akymynaTtopu uctpolle, AM3en-enekTpuyHa nogMmopHuLa mopa
4a M3POHM MOTMYHO mnn Ha aybuHy nepuckona kKako 6w morma ynoTpebutn
LLUHOPKEN Koju On ycucaBao cBex Basgyx nomohy kora ©u npopagunu amsen-
MOTOPW 1 reHepaTopu, Yume 61 Noveo NpoLec Nykewa akyMmynaTopa.

1 Janes Navy International January February 2021
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N3parare nogMoOpHULE Ha NOBPLUMHY wunuv Ha AyOuHy nepuckona je
onacHo, jep Moxe OWUTW nakwe OTKpuBEHa W HanagHyTa. Yak v npu manum
6p3vHama, NOAMOpPHMLLA KOja KOPUCTU ONIOBHE akymyraTope Mopa Aa U3poHu Ha
AybuHy nepuckona cBakvx Tpu OO NET AaHa pagu nywewa akymynartopa. Ty 6u
AoLwao A0 m3paxaja NoroH HesaBWCaH o4 Ba3gyxa, Koju KOPUCTU XeMUjCKe Uru
enekTpu4He npoLece pagu reHepucarsa crpyje.

Cuctemn HesaBUCHWM Of Basdyxa YKIbydyjy Au3en-moTope 3aTBOPEHOr
umknyca, ropmsHe henuvje kao u noroHe Stirling. CBu oBW cuctemn 3axtesajy
KNCEOHUK 1 ropmBo. KNCEOHUK ce CKnaguwTh KPUOreHo Yy pesepsBoapuma kao
TEYHOCT MOA HUCKUM-CpearnM NPUTUCKOM 1 ynoTpebrbaBa ce 3a NpousBoahy
cTpyje y ropvBHum henujama M KOHBEPTOPCKOM CUCTEMY 3a MpPOM3BOAHY
BogoHuka. OBaj npouec Moxe reHepucatu JOBOSBHO CTpyje koja ©u ausen-
eNeKTPUYHOj MoAMOpHMLM oMoryhno octaHak nod BOAOM U A0 TPy Heaerbe.

AnmepHamuseHu npucmynu

LinknnyHn cuctem He3aBucaH of Basgyxa nod HasueoM Stirling passuna je
weeacka komnaHunja Kockums (caga y BnacHUWITBY koMnaHuvje Saab) u npeu nyT
je yrpafleH y nmoamopHuue LWBeACKE paTHe MOpHapuue kpajem ocamMaeceTux
roguHa. Stirling je TONMOTHM NOroH KOjU KOPUCTM CTaHA4apAHO AWU3EN-ropuBo ca
Manum MpoLeHTOM CcyMmropa W YycKrnaguwTeHor KuceoHuka. Mssop Tonnote
Jornasv of KOHCTaHTHOr ropewa, anu 6e3 ekcnnosuja KapakTepUCTUYHMX 3a
obuyaH gusen-moTtop. Ha Taj HaumH noroH je Bpro Tux m 6e3 BuOpauuja.
EHepruja ce kopucTu 3a rpejame pagHe TEYHOCTM, Y OBOM Crly4ajy MHepTHOr
raca, Koju ce WMpU M CKynrba Kaga je oxnaheH wTto nokpehe unnuHAape Koju
nokpehy morop.

MoTop je noBesaH ca nepmMaHeHTHMM MarHeTCKMM reHepaTopoM Koju ce
Hanasn y npocTopy KOju je 3BYYHO M3O0riOBaH, a KOju reHepulle CTpyjy U NyHU
akymynartope. JeavHuM uM3OyBHW rac je YribeH-AWOKCWUA Koju ce pacTBapa y
pacxnagHoj Te4YHOCTM npe Hero wTo 6yae m3bayeH ca nogmopHuue. OBakas
noctynak obesbefyje ga ce He NojaBe Mexypu koju 61 MOrnU OTKPUTU MONIOXaj
noaMopHuue. [leo MocTynka caropeBaka Koju cTBapa TOMMOTHY eHeprujy je
CMOSbHN Yy OOHOCY Ha [eo0 MOroHa Hes3aBWCHOr of Ba3fyxa Koju KOHBepTyje
TOMMOTHY €Heprujy y mexaHuuky. To 3Haum ga noctoju moryhHocT 6orber
ynpasrbarwa M3gyBHUM MpousBoaMma u npobnemuma akyctuke. [NogmopHuua
knace Gotland kopucTn gBa cucteMa He3aBWCHa oA Basayxa Tuna Stirling, cHare
oa no 75 kW. OakaB noroH omoryhaesa nogMopHUUKM fa OCcTaHe nog BogoM ABe
Hegerbe passujajyhu 6p3anHy Ao 4 4sopa.

AnTepHaTMBa CUCTEMY HE3aBWCHOM Of Ba3gyxa je BOAOHUYHA ropuBHa
henwuja, TexHonoruja Kojy je noyena ga passuja kOMnaHuja Siemens y capaghu
ca Hemaukum Opogorpagunuwtem Howaldtswerke Deutsche Werft (HDW) koje
capa npunaga komnanuju Thyssen Krupp Marine Systems (TKMS). BogoHunyHe
ropmBHe henuvje KopucTe BOOOHWMK WM KUCEOHWK Y Mpouecy enekTponuse 3a
reHepucawe cTpyje. KomnaHnuja Siemens ynotpebrbaBa NONMMEPCKY
enekTponuTCcKy MemOpaHy wnmM MembpaHy 3a pasmMeHy npoToHa 3a CBOjY
ropmeHy henujy tuna SINAVY PEM. Y oBakBOM CUCTEMY MOAYNU FOPUBHUX
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henvja cMelwTeHn cy 3ajeqHo ca CMCTEeMOM MOroHa He3aBWCHOr of Basgyxa U
3ajeqHoO reHepwiLy CTPYjy 3a akymynaTope v enekTpUYHM MOTop.

integtation of Methanal Beformeer info FC Flast

Hujazpam cucmema TKMS/SENER MRFC koju uHmeepuwe KoHeepmep MemaHorsna y
cucmem eopusHux henuja y memarn-xudpudHe yunuHope. Ynompeba ogoe cucmema, Kao
u3eopa 8000HUKa Koju cHabOesa 2opusHy henujy, 3Ha4yu 0a nodMopHuUua He Mopa
ycknaduwmumu 8000HUK.

MpenHocT ropmeHe henuje jecte Aa oHa Kao HyCrnpousBo cTBapa Body U
TONMOTY, LWTO je Nako YKIMOHUTK 3a pasnuKy oA LUTETHUX racoBa of caropesara
ropyea. Mefhytum, un3a3oB 3a ropuBHe henuje ce cactoju og noTpebe
cknaguwiTera Benvike KonnyinHe BogoHunka. CknaguwiTene 3anarbvBUX racoBa
Kao LWTO je BOAOHWK MNOA4 BUCOKAM MNPUTUCKOM, HApOYUTO Y 3aTBOPEHOM
NpPOCTOpPY MOAMOPHULIE, MOXe OUTK OMacHO Mako MpUMMeHa MeTanHuX xvapuaga
OOHekne nomaxe y oBOj cuTyaumju. Wnak, nako cy passujeHe 6e3begHocHe
npouegype 3a cknagvwTerne BOOOHMKA MOA, HVXXMM MPUTUCKOM U BaH Tpyna, u
Aarbe noctoju 3abpuHYTOCT Ada je Taj MOCTynmak BPfio CKyn W Aa KOMMNMuKyje
Aonykasare ropuBOM.

Pelwere 3a cknaguwTewe BOAOHUKA je y ynoTpebwu peareHCHOr ropusa
Koje Ou cTBapano BOAOHUK Yy camoj noamopHuun. Komnawuja SENER, y
capagwm ca komnaHvjom TKMS, HacToju ga pewwn 6e3begHocHe npobrneme
ropmBHux henuvja noroHa HesaBucHOr of Ba3gyxa. [lpobnem je y Tome wWTO je
MOroH HesaBWCaH Of Basgyxa OrpaHWyeH CKNaguwHWM MpPOCTOPOM, jep
NOAMOPHULLA MOXEe HOCUTK camo ogpefeHn 6poj uunuHaapa ca BOOOHUKOM.

OBa komnaHuja pasBuja ropmBHy henmjy ca MeTaHONIOM Kao peareHcom,
roe MOroH HesaBucaH oA Ba3gyxa Aobuvja BOOOHMK Tako LITO ra M3Bnayn u3s
mMeTaHona.
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KomMmnaHuvja HaBoau Aa je cknaguiTewe MeTaHoma y TEYHOM CTaky MHOro
6e3beaHuje Hero cknaguTeHwe BOAOHWKA, a [da je Mpouec ekcTpaxoBaka
BOLOHMKA U3 MeTaHomna Beh gokasaH y komepuujanHoj ccepu. Takohe, TBpAmM ce
Ja je oBaj npouec edurkacHuju U Oa Ce Kao HyCcnpov3BO jaBrba camo Mana
KONMM4YMHa yribeH-gmokcmaa.

Cucmem ekcmpaxogar-a 800HUKa U3 MemaHorna

lopuBHa henvja ca MeTaHONOM Kao peareHcoM paau Kpo3 MnapHo
pedopmaToBawe MeTaHona. KuceoHuk ce nosoau y pedopmartop nog BUCOKUM
NPUTUCKOM y ODONUKY raca Ha OKOMHOj TemnepaTtypu. To cMakbyje NOTPOLUhY
eHeprvje TOKOM Mpoueca KOHBep3uje. Y OBOM MPOLIECY CE TEYHU KUCEOHUK
HWCKOT MpUTUCKa y pe3epBoapy A0BOAM Y MOMONHW KOHTEjHEp rae AeNMMUYHO
ucnapaea, a nputucak nosehaBa cBe [OK HE LOCTUTHE BUCOKE BPEAHOCTU U
ucnapu nomohy Boae, a 3aTum rac ognasu y pecopmaTtop.

Pagn KOHTMHyMpaHe WCMopyke KMCeOHMKa YynoTpebrbaBa ce [Apyru
nomohHM KOHTEjHep 3a crpoBohere WUCTOr npoleca kaga je NpBU KOHTEjHep
UcnpaxkweH W AenpecypusoBaH 3a MOHOBHM MOYETaK npoueca y KoMme ce
cHabgesa pecopmartop.

[OpMOHUK KOjU paaM Ha KuceoHuk obesbehyje TONNoTHYy eHeprujy Koja
3arpeBa BuLWwak Boge v3 ropusHe henwvje y napy. PedopmaTtop oaBaja BOAOHUK,
YITbeH-ONOKCUA, YITbEH-MOHOKCMA W BOAY, KOju 3aTMM ognase y mogyn 3a
npeunwhaBarwe. TO eKCTpaxyje YMCTM BOOOHUK 3a ynoTpeby Yy ropuBHUM
henujama, a yrroeH-gmokcug ce pacteapa y MOPCKOj BOAW pagu oanarara.

NaBHM TexHOMOLLKM WK3a30B jecTe chpoBohewe nmnpoueca y TUXUM
ycnoesuma, 6e3 komnpoMuMToBaka noamopHuue. 36or Tora je noTpebHo Aa ce
rac y noTnyHOCTM pacTBOpM Tako Aa ce nojaBe Mexypu Basgyxa y Boau. [Jakne,
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cuctem unsbauyje rac y MopcKky Body Y obnuky mexypwuha yume ce 3aBpluaBa
npouec pacTeapatba.

KonuunHa ycknaguwteHor MeTaHona 3aBMCKM Of OnepaTWBHUX 3axTesa
NMoroHa HesaBMCHOr 04 Basgyxa. Pagu cmarera NpOCTOpHOr 3axTeBa
YCKNaguWTEHN MeTaHOmN Ce Hanasum y HEKONMMKO CTPYKTYPHUX pesepBoapa.
MpasHu pesepBoapy MeTaHOMNa KOPUCTe Ce 3a CKhnaauliTere Bogde Kojy
NMPOM3BOAM MOrOH HesaBMCaH Of Basdyxa, Tako Oa je TeXuHa paBHOMEpPHO
KOMMeH30BaHa.

Pegbopmamuparse nomohy duses-eopusa

MpeTxogHM MOroH He3aBWCaH O4 Basdyxa (paduycke komnaHuje Naval
Group Hocu Ha3nB Module d’Energie Sous-Marin Autonome (MESMA); paan ce
0 MapHoj TypBuMHM 3aTBOPEHOT LIMKINYyCa KOja caropeBa eTaHoN 1 ycknaguwTeHu
knceoHuk. Mpouec Nnpon3soamn TonnoTy Koja nokpehe napHu reHepaTtop, TypouHy
W antepHaTop Koju reHepuwe ctpyjy. MehyTtum, oBaj cuctem KOpUCTU BENUKY
KOMMYMHY KMUCEOHMKa Yy Mpouecy LWTO ra YMHU Make edukacHUM, nako
0be3befyje Bucoky msnasHy cHary og 200 kW, koja omoryhaBa gBe Heperbe
noaBoAdHWX onepaumja 6p3vHom of 4 yBopa.

KomnaHuja Naval Group caga pagu Ha HOBOj BOOOHMYHOj ropuBHOj hennju
opyre reHepaumje Fuel Cell 2nd Generation (FC2G) AIP system koja je
npukasaHa 2018. roguMHe Ha K3NoXOW nNomopcKkor Haopyxawa Yy [lapusy.
KomnaHuja je wnsHena pelwewe cknaguwTerwa BOAOHWKA 3a pedopmaTop
Avsena. Haeena je ga npeTxodHe reHepavuje noroHa He3aBUCHUX Of, Basayxa
KapakTepvle BUCOKa MOTPOLLHA KUCEOHMKA WU/Unu BPio Mana ryctuHa ropumea.
Oba 3axTeBajy Benuke KOMu4YMHEe YyCKNaauLTEeHOr peareHca, orpaHuyasajyhu
YKYMHY KONMWUYMHY eHepruje Koja ce moxe 0b6e3begntun. OBaj NOroH He3aBucaH of
Ba3gyxa KapakTepuly CMakeHa NoTpOLUHa KUCEOHMKAa Ca BENIMKOM MyCTUHOM
ropusa, WTO omoryhaBa 3Ha4yajHO yHanpehewe y ryCTuHU eHepruje.

Mpema komnaHwju Naval Group, cmelTawe XMAPUOHWX uunuHaapa BaH
NOAMOpPHULE nNpefacTaB/ba PUBMYHM  M3A30B Yy  CMUCITY  NOAMOPHMUYKE
apxutekType n banaHca TexwuHe, a y3 To je HeedmkacHo. Hanmve, og 160 ToHa
Xvapuaa Koju ce TpaHCnopTyjy Kao Aeo MoroHa He3aBUCHOr Of Basgyxa, caMo
1% u4MHM BOAOHUK KOjU ce Moxe ynoTpebwutn y ropwsHoj henuvju, wTo je
HeedmkacHO M ckyrno. Ty cy M MMNNUKauuje FOrMCTUYKE NOAPLUKE NyHera
NOAMOPHULIA TOPUBOM YNTPaAYNCTUM BOAOHUKOM W KUCEOHUKOM Koje 3axTeBajy
nocebHe 06jekTe 3a TpeTMaH raca, KamvoHe Koju Cy KOHAMLMOHMPaHW y cknagy
ca CTpOrMMm rnponucumMa 3a TpaHCnopT BOAOHWKA, Kao M KBanudukauuje u
npouegype 3a ogpxasawe uymctohe BogoHuKka M obesbehuBare uHTErputeTa
nogmopHuue M HeHe nocage. [lpema KoMnaHwju, TO je CRNOXEH W CKyn
NOMMCTUYKN NlaHal, Koju, WTaBuLwe, HUje JOCTYNaH HWU Y jeQHOj nyuu.

AHanusa kojy je cnposena komnanuwja Naval Group nokasana je ga y
nopehewy ca Apyrum ns3sopvmMa BoAOHMKA, Kao LITO je MeTaHon, AM3en- ropuso
“MMa BULLY TaudKy Narbema, LTO CMakyje pusnk o noxapa. Takohe, Hajmare je
TOKCMYaH Kafa je M3noxeH, a nocage cy obyyeHe 3a pykoBawe huMme. [Npouec
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HEroBOr yTOBapa M MUCTOBapa je jegHoCTaBaH, AOCTYMaH je LMpoM cBeTa, a
LWITO ce Tude nepdopmaHcy nma 6orbn eHepreTcku 0A3vB U NyCTUHY BOAOHMKA.

Tecmupare HO802 ro2oHa He3asucHoz 00 8a30yxa FC2G koju kopucmu Au3esn-20puso
Kao u3eop 8000HUKa 3a 2opusHe henuje

Cwmatpano ce fa je MeTaHoON NPEBENNKN PU3NK: Y Cryyajy Lypera H-eroea
BMCOKa TOKCUYHOCT 3a fbyAe M KpaTKO Bpeme peakuuje yrposunu 6u nepuog y
Kojem 61 nogmopHuua morna ga octaHe nog sBogom. Komnanuja Naval Group je
caonwTuna ga je MeTaHon Beoma 3anarbvs Ha Temnepatypu og 12°L HaBuwe,
WTO je nmnpeKkopadewe y CBMM YycCroBMMa paga nogMopHuue. [usen je
noXereHuju ¢ 063MpoM Ha TO Aa je jeaUHO ropMBO Koje Huje 3anarbMBo, OOHOCHO
ynasu y 3anarbvMBo cTake Ha Temnepartypu Behoj og 55°L. .

3a npousBoaky BoAOHUKa y cuctem FC2G ropmeo ce caropeBa fa ou ce
06e3beano useop Tonnote pagu gobujawa Temnepartype notpebHe 3a obpaay
TeyHocTn (wTo Tpeba p[a ce ogpxkaBa Kpo3 MpoLec KaTanuTuykor
pedopmuncama). KomnanHumja Naval Group je HaBena ga OKCMAMPAHO AM3en-
ropmeo Aaje BuLle TONNoTe Kao U3Bop eHepruje og MmetaHorna 3a oko 130% u oa
TO YnHK ecpukacHuje. Takohe, nma Behy ryctuHy BogoHuka, cagpxu 20% suwe
BOAOHMKA MO NMTPY y nopeferwy ca meTaHonom.

naBHe komnoHeHTe cuctema FC2G ykrbydyjy pedopmaTtop, koju ce
Hanaja [Ou3en-ropMBoM, KUCEOHMKOM W napoMm (koja ce peuuknupa),
npeTtBapajyhu oBy MellaBuHy Yy CUMHTETMYKM rac 6oraT BOOOHMKOM. ,[lpomeHa
peakTopa” nokpehe peakuujy ,nomeparwa Bofe-raca” Koja npeTBapa YribeH-
MOHOKCUA Y YrTbeH-AMOKCUA, 3ajefHO ca KOHBEp3WjoM BoAe Y BOAOHMK. TO
nosehaBa cagpxaj BOAOHMKA Y CUHTETUYKOM racy Ha MakCUMyM Koju je
JoctynaH v enumuHuwe BehvHy YrrbeH-MoHoOkcuaa, noeehasajyhu npuHOC
BOAOHMKA.

lac 3atum nponasu kpo3 MembpaHe 3a npeunwhaBake uspaheHe of
cneumjanHnx MeTanHux ferypa Koje nponyLitajy camo BO4OHMUK, YMMe ce ofBaja
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Of, CMHTETUYKOr raca Koju ce 3agpxaBa yHyTap ueBu. TO ocurypasa umucTohy
BOOOHMKA Koju ce kopuctu y PEM ropuvBum henuvjama 3a npou3BOahy
enekTpuyHe eHepruje. KnuceoHuk 3a ropusHy henujy gonasm ns nctux mogyna 3a
cknaguwTerwe passujeHux 3a MESMA cuctem koju Takohe ob6esbehyje
KMCEOHWK 3a KOHTpOMy aTtMocdepe NOAMOPHULE, anu je yMecTo Tora nomeLuaH
ca a30ToM Kako bu ce onakwana werosa ynotpeba y PEM ropusHoj henuju.

CBe KOMMOHEHTe Cy MWHTerpucaHe Ha nocebHom Aeny ca enacTU4HUM
MOHTaxama 1 Bucehnm noctorbuma kako 6u ce nsberao 6uno kakas yTuuUaj Ha
aKyCTUYHW NOTMMC.

[n3ajH peakTopa 3a pedopmucare 1 Katanmusatopa MOANUMPUKOBAH je Tako
0a MellaBMHa peareHca v TemnepaTypa peakuuje nsberasajy ctBapame 4dahu,
WTO je Ae0 m3asoBa y pasBojy BOLOHMYHMX ropmBHMX henwuja ga ce npoHahe
npasu 6anaHc namehy nepdopmaHCcu N U3APXKIBLUBOCTH.

Hosu cucmem FC2G He3asucaH 00 8a3dyxa Koju ce sudu Kao Modys y okeupy du3ajHa

nodmopHuue Scorpene, komnaHuje Naval Group. Oyekyje ce Oa he komnaHuja noHydumu

osy moeyhHocm 6ydyhum KopucHUYUMa c80ojux NOOMOpHUUa Krace Scorpene Kako ce
rnompaxta 3a Mo2oHoM He3agucHUM 00 8a3dyxa nogehasa.

YnpaBrbake TEPMUYKOM MHTErpaumnjom U CMareHe NOTPOLLHE KUCEOHMKA
cy, Takohe, cylwiTuHCKM enemeHTn cuctema. Komnanuja Naval Group HaBoan ga
ce TEPMUYKOM MHTerpaLmjom yrnpasrba BpahaieM Karnopuja npeko nsmermsada
TONMoTe , WTO ONTUMU3Yje ePUKaCHOCT U MUHUMU3MPA NOTPOLLHY KMCEOHMKA.
LWrtaBuwe, aM3ajH xeMmujckor peaktopa nocTtaeibeH je Aa noseha edukacHocT
KnceoHuKa 0O MakcuMyma, Kao 1 aa omoryhu ogrosapajyhy nsgpxremsocT. To je
noce®Ho BaxHo, jep he ogny4dyjyhu cakTop y onepaTtMBHOj U3LPXKIBMBOCTU OUTH
NoTpOLUHa KUCEOHUKA, Na je Leo npouec y PyHKUMjU onTumusauuje.

3a cuctem FC2G emucuje yribeH-amokcuaa usbauyjy ce M3 nogmopHuua
Ha MUCTU Ha4MH Kao u kop cuctemMa MESMA u y HykneapHuM nogmopHuuama.
Komnanuja Naval Group je caonwTuna ga nocroje gBe onepatvBHe NpegHOCTU:
npBO, CUCTEM paau Nof BUCOKMM NPUTMCKOM, LITO My omoryhaBa Aa ce KopucTtu
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y uuTaBoM oncery onepatuBHux gAybuHa nogmopHuue ©6e3 notpebe 3a
O04aTHUM aKTyaTOpOM 3aTBOPEHMM Ha U34YBHOM CUCTEMY, ApPYro, TpeTMaH npe
npaxtwera cnpeyaBa ga OH YTUY4e Ha aKyCTUYHU WU MHpaupBeHW noTnuc
noaMopHuue, nocTwkyhn HeroBo pacTBapawe HEKONUMKO MeTapa o4
NOAMOpPHULE.

Cuctem FC2G je pasBujeH o4 HAyCTpujckux ropmsHux henvja ga 6u nmao
KopucTu oa nobosbliarwa AOCTYMHMX HA KOMEpPUUjanHOM TPXULLTY, anu je 3aTtum
npunarofeH aa 3agosorbu notpebe MopHapuue. Pa3Boj je 61Mo okycmpaH Ha
30ujame ropmBHux henwuja, yaumajyhm y o63mp TunnyHe notpebe nogmMopHuue
3a MNpoCTOpPOM, Kao M pasmaTpaka Be3aHa 3a ofpXaBake, OOHOCHO
ornakwaBake yKpLaBaha, UCKpLaBaka 1 npucTyna nocagu. Jow jefaH Kiby4YHu
acnekT npunarofaBarka NMOAMOPCKOM OKPYXEHy je CTpora KOHTpona emucuje
BOAOHMKA Ha Opoay. [opuBHe henuvje cy OusajHupaHe Tako Aa MM Huje
notpebHo cknaguwTe BOAOHWMKA 3a pag, 3ajedHo ca Aybokum cMamerem
npotoka npoynwhaBara. To omoryhaBa Behy kOHTpony kBanuteta atmocdepe
n 6orby 6e36egHOCT kaga cuCTeM He3aBMCaH of Basfyxa Huje y ynotpebu.

Ko

Komrijymepcka crnuka Hajéorbea noeoHa HesagucHoe 00 ea3dyxa yepaheHoe y Hoge
nodmopHuue S-80P wnaHcke mopHapuue. KomnaHuja Navantia ce odnyyurna 3a
pegopmamopcKu cucmem emaHosna Kao Memod 3a rpou3sodHy 8000HUKa 3a C80jy
2opusHy henujy.

Cuctemy FC2G noTpebHO je wWecT caTu ga ce MOKPeHe, LITO yKIbyudyje
3arpeBare CBUX KOMMOHEHTU, nocebHo pedopmartopa, kako 6m ce mocturna
MakcumanHa edukacHocT. Cuctem ce ykibydyje HenocpeaHo npe AocTu3ara
Tayke 3aparbara, Tako Aa je cnpemaH 3a ynoTpeby kaga 1o 3axTeBa KOMaHAaHT
NOAMOpHMLLE.

KomnaHuja He Bepyje Aa he ©6uTu noTpebHM JogaTHW 4YNaHoOBM Mocage
NoAMOpHULLE 3a ynpaBrbakbe cuctemom FC2G, jep he To 61TK joww jeaaH cuctem
3a pag nogmopHuue Koju he cnpoBoauTU UCTM onepaTtep Koju BPLUM KOHTPOIY
MoroHa v Hagrnega cMCcTeM He3aBMCaH o4 Ba3gyxa M3 KOHTpOriHe cobe.

KomnaHuja Naval Group je notspauna ga je cuctem FC2G npowao BuLle
on 7.000 catm TecTupamwa Ha KOMHy Kako 6y ce onTtMmuanpana edukacHoCT
CBake KOMMOHEHTe M MOTBPAMIM Mepuoaun oapxaBaka. TecToBU Cy 0baBrbeHM
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ca penpeseHTaTMBHMM NPOPUIIOM MUCHje NOAMOPHMLE KOoju je y3anumao y o63up
MaKCVMMarHn B1UCOKN NPUTMCaK Koju je nogmMopHuua usgpxana u 61o je noeesaH
ca NMOAMOpHMYKMM BaTepmjama M KOHTPONMUCAH Of jeOHor oneparepa npeko
cucTema 3a ynpasrbake MHTerpMcaHom nnaTtdopMom.

Tokom ,natponHe gemoHcTtpauumje” 2019. rogmHe, cuctem FC2G 6uo je
KBanMuKoBaH 3a u3gpXxrbnBocT o 18 gaHa, anu ca edurkacHMM MpoLecoMm
KOju Ce OQHOCU Ha KUCEOHMWK 1 pe3epBoape 3a cKnaguTene MoXe Aa NocTurHe
n oo Tpu Hepgeree. MNMoaBoaHa M3OPXIbMBOCT, Y CTBapu, 3aBUCU O pPaBHOTEXE
n3mefy nepdopMaHcu 1 TexMHe nnatdopme Kojy Xerne Kynuu, ca 3anpeMmHom
cknaguiTena TEYHOr KMUCEOHWKa Kao napameTpoM. Moryhe je npemawmTu
TpOHeOerbHy MW3OPXK/bUMBOCT, anM 3a caga 3a Ty antepHaTuBy Hema
uHTepecoBawa kynaua. Komnanuja Naval Group HacTtaB/ba pag Ha
noborblawy edukacHocTM npoueca pedopmucawa 3a Behy onepaTuBHy
OOCTYMHOCT, yKibydyjyhu ontumusaumjy TepMmuuke wHTerpauumje ca MamOoM
MOTPOLLHOM KUCEOHMKa M Behom npon3BOAHOM BOAOHMKA Y3 Harnpejak y
MaTepujanuma 3a CMakere BENMYMHE N TEXUHE M Nakohy oap)KaBara.

AnmepHamuege rno2oHy He3asucHoM 00 ea3dyxa

Op nojaBe TexHOMOrMja 3a NOroOH He3aBWCaH o4 Basdyxa 3a NoAMOPHULE U
HMXOBE [OCTYMHOCTU Ha MeflyHapOAHOM TPXWULWITY, YMTaB HU3 3eMarba je
HabGaBuo HoBe nogmMopHuue u u3beraBao OBy onuujy. Mako u3 [OCTYMHWX
nHdopmaumja Huje moryhe npeumsHO YTBPAUTU KOjU CYy pasno3n 3a Taksy
OANYKY, MOX€E Ce roBOPUTU O HEKOSMKO OMWTUX TpeHaoBa. [pase kao WwTo cy
Bbanrnagew, HgoHeswja, MujaHmap n BujetHam nsabpanu cy nogmopHuLe koje
Hemajy MOroH He3aBucaH of, Basdyxa 300r NpucTynavyHoCTU. AIKNP TPEHYTHO He
pasMuLLrba O TAaKBOM MOroHy 360r TpPoLKoBa y CBOjOj hrnoTu. Y mehyBpeMeHy,
oanyka bpasuna je BepoBaTHO y3ena y o63up nnaHoBe Aa Herose NOAMOPHULIE
Ha HyKneapHuW MOroH Mpey3My [OyropoyHe AyXHocTu, Aok Pycwuja, 36or
noctojeher passujeHOr Au3ajHa HyKneapHWX M OOWMYHMX [u3en-eneKkTpUdHuX
noAMoOpHULA, 3a caa He pasmaTpa oBe onuuje.

JanaH je Buwe o deueHuje onpemao cBoje MOAMOPHULIE CUCTEMOM
He3aBucHuM of Basgyxa Kockums Stirling AIP, anu je HegaBHO oany4dmo Aaa
NpeKknHe OBY MpakCcy U MPUMEHU TEXHOMOorujy nuTujym-joHcknx 6atepuja. OBe
GaTepuje MMajy 3HauyajHe MPeQHOCTM Yy OAHOCY Ha KnacuuyHe akymynatope u
MOy 3a Heke onepartepe MNocTaTu anTepHaTUMBHO pelleHe 3a UCNyHaBahe
HMX0BKX NoTpeba 3a nepdopmarHcama y byagyhHocTu.

KrbyuHn dpaktopu nepdopmaHcu ykrbydyjy CTEeneH He4yjHOCTW, Op3uHy
HanpegoBaka 1 onepaTuBHy driekcnbunHocT. [oroH He3aBucaH o4 Ba3gyxa je
Beoma edukacaH, omoryhasajyhu Hekonuko Hegerba paga nog BoAOM, Y
nopefewy ca HEKONMKO AaHa 3a KOHBEHLMOHAaNHy NoaAMopHULY. JTMTujym-joHcke
GaTepuje, y 3aBMCHOCTU O Xemuje, NMajy ryCTUHy eHepruje koja je Bulle Hero
ABocTpyko Beha o onosHe GaTtepuje 3a ogpeheHy 3anpeMuHy u ctora Takohe
UMajy BENUKU NoTeHLMjan.

Jow jegHa nNpegHOCT NMUTUjyM-jOHCKMX GaTepuja jecTe ga ce Mory nyHUTU
Opxe oa onoBHWx GaTepuja n oo 6uno kor creneHa. OHe He camMo Aa CMakbyjy
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BpeEME M3NOXeHOCTU O6nm3y noBpLIMHE TOKOM ynotpebe wHopkena Beh wu
CMakbyjy OrpaHu4era Koja Cy WHXEpPEHTHa Mpu Myhewy KIacuyHe OrloBHE
batepuje y asama.

Jlntnjym-joHcke BaTtepuje Takofhe Hyae Heke npegHoOCTU noaBoaHe Op3uvHe.
lMyHa cHara 6aTepuje je 4OCTyNHa y CBMM CTakwMma HanyweHOCTH, Aajyhu Buwe
onuuja ybp3aBara 3a NOAMOpPHULY KOje ce jaBrbajy Yelwhe kaga ce KOMOUHYjy
ca MOMEHYTUM KapakTepucTukama Mykwera. TUMWYHE WHCTanauuje noroHa
He3aBUCHOr Of Ba3gyxa uMajy TeHaeHuujy na obesbene n3apkroMBocT U AOMeET
npu manuv 6p3uHamMa, anv ce N farbe ocnawajy Ha nHctanupaHe batepuje 3a
Behy 6p3vHy HanpegoBam-a.

Jow jegHa MpedHOCT KOjy HOBa TexHorslorvja 6artepuja Moxe ga npyxu y
nopeherwy ca ONOBHWM jecTe CMareHa CITOXEHOCT cucTema Mopluke 3a
GaTepuje. Pagm ce o0 cmamewy 3axteBa 3a UMPKyNnauujoM KucenuHe,
xnaheweM, BEeHTUNaumjom W ucCnupakem, jep ce pusmum o KOPO3UBHMX
TEYHOCTU M EKCMIO3NBHUX racoBa Mory usbehun ansajHoM 3aTBOPEHUX NUTUjyM-
joHckux henuja Koje ce He ogpxaBajy.

Y 3aBUCHOCTM 04 OMepaTuMBHMX 3axTeBa, Heka NUTUjyM-joHCKa
nogewasarwa MOry AoHeTu noborbluarwa y OAHOCY Ha TpaauuMoHanHe cucteme
onoBHux bOaTepuja M Mory ce ynopeautu ca cnoxeHowhy, 3axTtesBuma 3a
NMPOCTOPOM 3a peareHce M MalluHe, TPOLIKOBMMAa HabaBKe TOKOM Lenor Beka
ofgpXxaBatba W nakohom pJonyhwaBaka ropuBa pasHMX CUCTEMA MOroHa
He3aBUCHMM of Basgyxa. MehyTum, NUTUjyM-jOHCKa TexXHomnorvja ce u parbe
cyoyaBa ca HekuM u3asoBuma, Mefly Kojuma je n noctm3amwe nNoTpebHMx HMBOA
6e3begHocTn 3a ynoTpeby y MOAMOpHULAMa Yy OAHOCY Ha noy3daHoCT
JoKa3aHuX ONoBHUX BaTepuja Koje ce KopucTe BULLIE Of jeJHOr BeKa.

KombuHauuja HoBuX GaTepuja M noroHa He3aBUCHMM O Basgyxa Yy
mehyBpemeHy obehasa ga he jow Buwe 3aTBopuTU ja3 namehy nogmopHuLa Ha
KOHBEHLUMOHANHN MOroOH M NOAMOPHMLA Ha HyKneapHu MOroH, npe ceera y
KOHTEKCTY Behe LeHe.

Odpxusa peuweHa

WnaHcko Opoporpagunuwte Navantia Takofie je pasBuno COMNCTBEHU
cuctem ropmBHux henuja nog Hasueom Bio-Ethanol Stealth Technologies
(BEST), koju kopuctn pedopmMaTop eTaHona 3a npou3BOAHY BOAOHMKA.
Navantia je pasBuna cuctem y napTHEpPCTBY Ca LUMNAHCKOM MOpPHapuuoMm W
komnaHujama Collins Aerospace, Abengoa, u Bionet. KomnaHuja Collins je
ucnopyumna PEM ropusHy henujy, Kkoja je nocebHO AmsajHupaHa 3a BOjHE
onepauuje. KomnaHuja Abengoa je passuna MuHMjaTypHU OMO-eTaHOMHM
pechopmartop, a komnaHuja Bionet cuctem 3a ognarawe yribeH-guokcmaa. BEST
Takofe yKkrbydyje cuctem 3a nofellaBare CHare M KOHTPOIMHM cucTem. [naBHe
KOMMOHEHTe MOry ce 3aMeHUTW Kpo3 nornctudkm oteop of 800 mMm y
nogmopHuumn. MNMpema komnanuju Navantia noroH obe3behyje 300 kW cHare u
bMME Cce ynpaeBrba MpPeko cucteMa 3a yhnpaBrbakbe UHTErpucaHom
nnaTgopMom.
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Mpouec pedopmMmncarta eTaHorna je CnnMdaH OHOM KOju ce KOpUCTM 3a
Oun3en-ropuBo n pedgopmucare MeTaHona y cuctemuma MRFC un FC2G.
Mpouec ce cactoju of pnOBe d¢ase KaTanuMTUYKe peakuuje, noveBLUN Of
pecdbopmucarwa ropvea, koja pasnaxe YrrbOBOAOHWMK Yy BOAOHWK W Apyre
HYCMpOU3BOAE Kao LUTO CY YIIbEeH-ONOKCUA, METaH UMK yribeH-MOHOKeUa,. HakoH
Tora cneam npeuunwhaBarwe Toka pecopmaTtopa, WTO noBehasa nNpomsBoaHy
BOAOHMKA U CMamyje yribeH-moHokena. KomnaHuja Navantia HaBena je ga je
rmaBHa pasnuka cuctema komnaHuja Naval Group unm SENER y Tome wTo cy
BEST ropuBHe henuje agusajHMpaHe Tako [fga paje AUPEeKTHO Ha
pecdopmatMpaHoM racy, OOK Apyre 3axTeBajy pedopmucarwe nof BUCOKUM
NPUTUCKOM U MembpaHe kako 6u ce 4OOMO YMCTU BOAOHUK, LUTO OBAj CMUCTEM
YMHM jeJHOCTaBHMjUM 1 NOY34aHUjUM.

Cucmewm Stirling, koju je y ynompebu 00 80-ux 20duHa, axypupa ce kako bu ce
ocuzypano 0a ocmaHe KOHKypeHmaH Ho8UM cucmeMumMa 3acHO8aHUM Ha 20pUSHUM
henujama.

lMpema «komnaHmju Navantia, henuje cy wuspahleHe oA MNOPO3HMX
funonapHMx nnoYa 3a NacuBHO YMpaBibake BOAOM W pPaBHOMEPHO,
KOHTMHYMpaHO MeMOpaHCKO Briaxewe 6e3 notpebe 3a OBnaxuBareM WU
cucTeMuma 3a yknaware TevHe Boge. OBaj HanpeaHu AM3ajH He camo Aa YMHM
ropmeHy henujy jegHocTaBHWMjOM Ha HMBOY cucTema Beh, Takohe, obesbehyje
OBOCTPYKM pagHu Bek y nopefewy ca TPXKULWHMM CTaHO4apAOM KOju pagu Ha
pedopmaTMpaHOM racy M YMCTOM KMCEOHWKY (He Ba3gyxy). Tume ce usberasa
notpeba 3a cuctemuma 3a npeunwhaBarwe BOOOHMKA, Kao LITO je MembpaHa,
Unu cumynaumjom Basgyxa, LWTo je 4oAaTHO NojeAHOCTaBIbeHE CUCTEMA.

Pa3Boj je 3aBpweH y ¢ebpyapy 2020. roguHe. KomnaHuja Navantia je
3aroBapana ynotpeby OwuoeTtaHona 3060r Herose [AOCTYMHOCTW, nakohe
pykoBaka, heroBe 6e30egHOCTH, Kao M 360r BUCOKOT HMBOA eUKacHOCTU Y3
MWHMMarHe KOHBep3uje.
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KomnaHuja je caonwTtuna ga nocToje orpaHuyversa y Kopuwhewy gpyrnx
ropmBa. [wusen-ropuBo noTpebHO 3a pedopmaTvpare 3axTeBa MocebHe
npouece u onpemMy 3a YKnawake Ccymnopa npe ykpuasawa. Hauwme,
pecdbopmatmparbe 3a NpouM3BOAHY BOAOHMKA Ca arnkoxoriom TpajHuje je u
pobycTHuje y nopefewy ca OpyrMMm yribOBOAOHUYHMM ropusmma. MeTtaHon je
Takofe ankoxom, anu je Beoma TOKCMYaH M KaHUeporeH, LWTO npeacTasiba
nopatHn 6e36eaHOCHM 13a30B 3a AM3ajH nnatgopme.

Kopuwherwe Guoropmea (broetaHona ymecto CMHTETMYKOr eTaHona) uma
JojaTtHe MpefHoOCTW Koje Ce OJHOCE Ha FOTMMCTWKY, AOCTYMHOCT y OuMro Kojoj
3eMIbM Ca pasBUjeHOM MNOSbOMPUBPEAHOM WMHAYCTPUjOM, U Bohewe Bpure o
OAPXMBOCTM XMBOTHe cpeaumHe. Cuctem BEST je amsajHmpaH ga omoryhu
NOAMOPHULM Ja OCTaHe Mof BOAOM A0 TpU Hederbe, a nnaHupaHo je aa byge
WHCTanupaH y HoBe NOAMOPHULE WNaHcke MopHapuue Isaac Peral (S-80 Plus),
noyeswwu ca TpehoMm nogmopHuuom n3 knace Cosme Garcia (S 83). lNpee ase
noamopHuue ce Beh yeenuko rpage, Tako ga he gobutn cuctem BEST TokoMm
cBor npsor Beher peMoHTa.

Mefytum, yBohewe cuctema ropuBHMX hemnmja 3acHOBaHWMX Ha
pecbopmaTtopy He 3HauM da je cknaguwTewe meTan-xvapuga npownoct. Y
centembpy 2019. Ha KoHdepeHumju o nogmopHuuama y Kuny, y Hemaukoj,
koMmnaHuja TKMS je naHcupana ConcTBeHW HOBM MOroOH He3aBuCaH o Basgyxa
FCA4G, Ha3BaBLM ra CMCTEMOM YETBPTE reHepauuje. Y caonwtewy 3a wramny
KOMNaHuja je HaBena Aa oBaj cuctem noborbliaBa JOCTYNHOCT, peayHOAHTHOCT
N HEBMOIBMBOCT Ha OCHOBY ,MOAyNapHOr CcuUCTeEMa CacTaBibeHOr 0f
peayHAaHTHUX KOMMOHEHTW” KOju HacTaBrba Ja KOPUCTM MeTarHe xuapuaHe
UMNVHApe 3a CKNnaguwTehwe BOAOHMKA. YCKNaauWTEeHU BOOOHMK Ce W Jarbe
KOpUCTW y NOAMOPHMLIaMa U1, ynpKoc TBpAHamMa O CynpoTHOM.

Stirling esonyupa

Komnanuje Saab Kockums n FMV u pgarbe Bepyjy y pa3soj CtupnunHrosor
noroHa HesaBWCHOT of Ba3gyxa. MNoTtpeba ropusHe henuje 3a BOQOHMKOM, GUIo
Ja ce CKnaavwTh y pesepBoapvmMa WUnuv je npoussogun pedopmaTop, 0306UIbHO
orpaHu4aBa CUCTEM.

MogMopHMLE Koje CknaguliTe BOOOHMK Y pe3epBoapuma Mmajy HEKOSMKO
CTOTVMHA TOHa LIEBW Y KOjMa Ce Hanas3u BO4OHMK. 3a Nyher-e OBMX pe3epBoapa
noTpebHO je HEKONMMKO KOHTejHepa y nomopckoj 6asu n 10 go 12 Benukux
npuKonuua ca BOOOHUKOM, a caM NpOoLEC NyweHa Tpaje oTnpunmke 36 caTtu.

lMpeTnocTaBrba ce da je TO npefyro 3a NOAMOPHWULY Y fyuu y paTHOM
cueHapujy. NogMopHMLa ca MOroHOM He3aBUCHUM of Basgyxa Stirling moxe
MHOro Gp)xe HanyHUTW CBe 3anuxe — Au3en, opyxje, xpaHy utg. [onyHa ce,
Takohe, MOXe M3BPLIMTM Ha MOpY ca Ouno kor 6poaa 3a cHabaeBawe. henvje
ce W garbe Mopajy nocnatu Hasag AobaBrbady Ha ofpxaBakbe. AKO CUCTEM
ropmBHux henvja gobuje BOOOHWMK M3 pedopMaTopa, BULIAK Ce M3HeHaa
ApaMaTu4yHO cMmakbyje. Jow He MocTojM onepaTuBHa MOAMOpPHUULA ca
pedopmatopom, anu ako mkaga byge noctojana BepoBaTHo he 6uTM camo
jejaH pedopmatop Ha 6pogy, p[ok cuctem Stirling vma Benvkn  6poj
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nojeAMHa’yHux MoTopa, HyAM [JocTa pedyHOaHTHOCTM WM MNOorofjaH je 3a
ofpKaBak-€ Ha Mopy.

KomnaHuja FMV je npoueHuna pga 6u, kaga ce paguM O TPOLLUKOBMMA,
yrnopeamBu cucteM ropusHux henvja Ha nogmMopHuum mopao 6utmn Bap gecet
nyta Behu y nopehewy ca cuctemom Stirling, ca ncTum 0AHOCOM KOj Ce& OAHOCK
Ha JonyHy ropusa u knceoHuka. Cucrem Stirling je Beoma pobycTtaH 1 ncnnaTms.
To je cuctem kojMu pagu y paTHOM CLeHapwjy, jep je noructuka Bpro
jeaHocTaBHa y nopehewy ca cuctemom ropusHux henwja.

Cuctem Stirling je pocturao cBojy nety uTepauwujy. HajHoBuja Bepsuja,
nosHata kao Double Stirling Module (DSM), kombuHyje aBa Stirling moTopa opf
75 kW (reHepuwyhu kombuHoBaHy cHary oa 150 KW) y npocTtopy Koju je
npeTxogHO 3ay3umao jegaH wmogyn. To je nocturHyto noborbliakem
WHTErpaumje CBWX KOMMOHEHTW CUCTeMA Kako OM ce MUHMMM3UPao ur3nykn
oTucak Ha 6pogy. lNocToje Heke KOMMOHEHTE ca BeOMa BUCOKOM AOCTynHoLwhy
koje 61 morne ga ce gene nsmehy asa unu Buwe MoTopa 6e3 pusmka oA yKynHe
peayHAaHTHOCTM U AOCTYNHOCTY, WTo he pedyntnpatun KOMNaKTHUjUM CUCTEMOM
ca ByLUe MHCTanupaHe eHepruje no jeauH1LM 3anpemMmnHe.

EHepreTcka edwmkacHOCT je O4 CyLTMHCKOr 3Havaja kako 6u ce
06e3beanno MakcumanHo kopuwhene pacnonoxvee enekTpuyHe eHepruje.
KomnaHuja Saab Kockums pasBuja HauMHe ga MCKOPUCTU OTnNagHy TONMoTy u3
MoTopa Stirling 3a 3arpeBake YHYTPaALWHOCTU Yamua WM pereHepaumjy
jeovHuua 3a ancopnuujy yribeH-gmokenaa.

Ipyra obnacTt Koja ce pa3maTpa jecTe Kopuwhewe nape 3a nNpou3BoaHy
XnagHe Bofde y cucteMy 3a ancoprnuujy. Ha Taj HaumH Mornu 6u ce3ameHuTm
Oy4HM KomMMpecopu Beoma TUXMM MNyMnama W WCTOBPEMEHO ylITeaetTu
erieKTpuyHa eHepruja.

Y TOKy Cy MCTpaxuBaudku Mporpamu Koju MCMuTYjy pasnuyuta ropuea ca
Behom rycTMHOM eHepruje of Am3ena kako 6u ce umckopuctuna crnocobHoCT
moTopa Stirling ga kopuctn 6uno koju nssop TonnoTe. 3a caga Ccy pesyntatu
Beoma obehaBajyhm, a y poOKy OO HEKONMKO rOoAuHa O4veKyje ce pa ce
N3OPXIbUBOCT joLl BULLIE noBeha.

[pazaH M. Byuykosuh (Dragan M. Vuckovié),
e-mail: draganvuckovic64@gmail.com,
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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 Hay4He, OQHOCHO CTpy4He obnacTu y OKBuMpy 06pa3oBHO-
Hay4HOr norba NPUPOAHO-MaTeMaTUYKUX HayKa, Kao U y OKBUpPY 0Bpa3oBHO-Hay4HOr
norba TEeXHUYKO-TEXHONOLWKMX HayKa, a Hapounto obnacty oabpambeHux 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 UCTpaXuBawhMa, Kao M HyMEepuukum cumynauujama, obyxsatajyhu
pasnuunte aucumnnvHe. OG6jaBrbeHM MaTepujanu Cy BWUCOKOr  KBanuTeTa U
peneBaHTHOCTWN, HaMUCaHW Ha HaYuH KOjU WX YMHM AOCTYMHUM LUMPOKO]j YMTanaykoj
ny6nuumn. Cen pagoBu KOjU U3BELLTaBajy O OPUMMHAMHUM TEOPUJCKUM 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
BMcokuM Beh n Aa ce o6e3bean npaBOBPeMEHWN, TEMEMbHU WM ypaBHOTEXEHW 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 NICTKM Yaconuca 3a pavyyHapcke Hayke:

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 npatu y koHTekcTy Cpnckor umtaTHor mHgekca — CUMHaekc (6asa
nogataka gomahux HayyHux 4aconuca) u Pyckor uHgekca HaydvHor umTtuparsa (PUHLL).
MopBprHyT je cTtanHoM BpegHoBakwy (MOHUTOPWHIY) Y 3aBUMCHOCTM Of, YTWLIAJHOCTU
(vmnakta) y camum Gasama u, nocpegHo, y MehyHapogHum (Clarivate Analytics)
uMTaTHUM  uHAeKkcuma. [letarbM O  UWHAEKcupawy MoOry ce BuaeTM Ha  cajTy
BojHoTexHu4kor rnacHuka, ctpanuua MHoekcupare 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 obpasoBamy un Hayum (LUEOH).

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
BojHoTexHn4ykoM 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 ga cagpku caxeTak ca KibyYHMM peyuma, yBog (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 Hymepauuje HacrnoBa u nogHacnosa). 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 Npey3eT ca cajTa Ha cTpaHuum Obpasay 3a Mnucare
uriaHka.

Hacnos

Hacnoe Tpeba fa ogpaxaea TeMy YnaHka. Y MHTepecy je yaconuca u aytopa aa ce
KOpUCTe peuun NpuknagHe 3a UHAEeKCcUpame U npeTpaxuBarse. 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
naeHTudumKaumje, nocebHo konvja ynaHaka y enekrpoHckoM 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). Hacnoeu yaconuca n unaHka Mory ce aatu y ckpaheHom obnuky.

Ume ayTopa

HaBoawu ce nyHo ume u npeaume (cBux) aytopa. Beoma je noxersHo Aa ce HaBeay
n cpeatsa cnosa aytopa. MimeHa v npesumeHa gomahux aytopa yBek ce ucrucyjy y
OopuUrMHanHom obnuky (ca CPNCKUM AMjakpUTUYKUM 3HaKOBKMMA), HE3aBUCHO 0 je3nka Ha
KOjeM 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 BojHOMEeXHUYKOM &racHUKy Krnacudukyjy Ce Ha HayyYHe 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 W 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 KpuTWKa, OOHOCHO 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 (MCTOopUjCKo-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 Npuno3nm 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 ctyguja cnyyaja 10 go 14 ctpaHuua, oK nMpernegHd pagoBu Mory 6utu m
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 npoBeputy ga nu je AoAaTo OOBOSbHO HOBOM Martepujana Koju mcnysaea
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 MPeTXO4HO Owunu 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 BenvymHe 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 M Ta4yHO OLIEHU HEFOBY PENEBAHTHOCT. Y MHTEpPECY 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,
pesyntatu n 3akrbyyak. CaxeTak Tpeba oa uma og 100 no 250 peun n Tpeba ga ce
Hanasu uamelly 3arnaerba (HacnoB, UMeHa ayTopa U Ap.) U KIbY4YHUX 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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MHTepecy je ypeOHULTBa 1 ayTopa Aa yyecTanocT wumxose ynotpebe byae wrto Beha. Y
YnaHKy ce nuLLy HenmocpeaHO HaKoH caxeTka.

Cnctem ACUCTEHT y 1y cBpxy Kopuctu cneuujanHy anatky KWASS: aytomaTtcko
eKCTpaxoBake KIbYYHUX pPeun M3 AUCLMMIMHapHWUX Tesaypyca/pedHuka no u3bopy 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 objaBrbuBambe, kao W AaTyMu kaga cy Yy MefyBpemeHy
[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 domHaHCMpana 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 (NO4 UCTUM WNW CAIMYHUM HACMOBOM), Nogatak o Tome Tpeba ga Oyde
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 rpacdmnykm 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 upTexun 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 no3vBara Ha N3BOpE Y OKBUPY YnaHka Mopa butu 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 MO3uBake, OAHOCHO LuTMpawe 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, AOoMnyHcKa objalurera, 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, ooHOCHO XapBapAcku npupyyHuKk 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.

JeTarbHo 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 uvaconuca cmartpa ce [OOBOSfbHMM pasforoM 3a OcropaBake Hay4yHor
cTaTyca 4aconuca.

Cnctem ACUCTEHT y cBpxy KOHTpOMe MpaBWIHOI uCmiuca nucTe pedepeHLum
KopucTu cneumjanHy anatky RefFormatter: koHTpona obnukoBama pedepeHumn y cknaay
ca XapBapacKMM NpUPYYHNKOM 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 vaconuca.

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 MoOpsAke 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 («Cnyx6eHn 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 HAaYYHbIM KypPHaroMm.

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 npou3BOoAUTCA COOTBETCTBYHOLIMM OTpacliieBbiM 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 CMOocOOCTBYIOT MOBLIWEHNIO KBanuduKaumu npeacraButenein
cepOCKOoro, permMoHanbHOro U MeXxayHapo4HOro akagemMmyeckoro coobuiectsa, 0Cob6eHHO
cnyxawmx MwuHnctepcte O6opoHbl 1 BoopyxéHHbIx cun. B xypHane ny6nukytotcs
cTaTtby CO COOTBETCTBYWOLWUMKU 0630pamMu 06 aHanUTUYECKUX, SKCMEPUMEHTambHbIX U
NpUKNagHblX WUCCNedoBaHWsX, a TakkKe O YUCIIEHHOM MOJEnuMpoBaHUW, OXBaTblBas
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/MNN NPaKTUYECKNX UCCNEeAOBaHUSAX U/Unu pacluMpeHHbIe BEpCuUmn paHee
onybnMKoBaHHbIX CTaTen, NPeACTaBIEHHbIX Ha koHepeHumsx. CtaTen ans nybnukauum
oTbupatoTca nyTeM [ABOMHOTO CREnoro peLeH3MpoBaHUs, KOTOpOoe rapaHTupyeT
OPUIMHaNbLHOCTb, akTyanbHOCTb W ygoboumTaemocTb. Llenb coctout He TOnbKo B
NOAAEpKaHNM BbICOKOrO KadecTBa Nybnukyembix cTate, HO M B obecnevyeHuu
CBOEBPEMEHHOIO, TLATENBHOro 1 COOTBETCTBYIOLLETO NPOLIECCa PELEH3UPOBaHWS.

PepakumoHHasi nonuTuka 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.

MwuHucTepcTBOoM 06pa3oBaHMs, HaykM M TEXHOMNOrMYecKoro pas3sutua Pecnybnvkm
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 3NeKTPOHWUKU, TENEKOMMYHUKaLUi U HPOPMaLMOHHbIX TEXHOJOMMNI:
BbICOKOKAYeCTBEHHbIN HaLMoHanbHbIN XypHan (M52),

— ObnacTb MalWMHOCTPOEHMUS:
BeOYLLMIN XypHan rocyfapCTBeHHOro 3HaveHmns (M51),

— O6nacTb MaTeprManoB U XMMUYECKON TEeXHONOIMu:
BeOYyLLMI XypHan rocygapCcTBeHHOro 3HayeHms (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).

KaTteropusaumss BectHuka npoBegeHa cornacHo PernameHTy o kaTeropusaumm v
PaHXWpPOBaHMM  Hay4HbIX XypHanoB MwuHucTepcTBa 00pasoBaHWsi, Hayku U
TexHonornyeckoro passutuns Pecnybnukn Cepbusa («Cnyx6exn rmacHunk PCx», Ne 159/20)

XKypHan cootBeTcTByeT ctaHgaptam CepOCKOro MHAekca Hay4yHoro LMTUpPOBaHWA
(CUMHpekc/SCIndeks) — HaykomeTpuyecko 6asbl [aHHbIX Hay4HbIX >KypHarnos
Pecny6nukn Cepbus, a Ttawke Poccuickoro nHgekca HayvHoro umtupoaHus (PUHLL).
>KypHan nocTosiHHO noaBepraeTcs MOHWTOPWHTY WM OLEHMBAETCH KONUYECTBEHHBLIMU
HayKOMETPUYECKUMW MOKa3aTensiMy, OTpaXKalLlMMW €ro Hay4Hyl LUEHHOCTb, B T.u.
onocpenoBaHHO B MeXAyHapoaHbIX uHaekcax untmposanus (Clarivate Analytics).

C uvHdpopmaumenn 06 MHAEKCMPOBAHUM MOXHO O3HAKOMUTLCS Ha CTpaHuLue canta
XypHana UHdAekcuposaHue BecmHuka.

«BoeHHO-TeXHMYEeCKUA  BeCTHMK»  obecneuyMBaeT uyuTaTeNnsM  BO3MOXHOCTb
OTKpbITOrO  AoCcTyna, B COOTBETCTBUM C  MONMOXEHWsiMM 06  aBTOPCKMX
npaeax, yTBepxaéHHbimn  Creative Commons (CC BY). C wuHcTpykumen o6
aBTOPCKMX MpaBax MOXHO O3HAKOMUTLCH Ha CTpaHwuue Asmopckue rnpasa u Moaumuka
camoapxusupogaHus, nepenasa no ceolinke http://www.vtg.mod.gov.rs/index-ru.html.

Pykonucn ctatelt HanpaBnsiloTCst B pefakumio XXypHana ¢ ucrnonb3oBaHvem online
cuctembl ASSISTANT, 3anyweHHon LleHTpom nopgpepxu pa3suTus obpasoBaHns wm
Hayku (LINPOH).

Peructpauus B cucteme n ocopmrieHne npas OCTyNa BbINOMHAETCA NO agpecy
http://www.vtg.mod.gov.rs/index-ru.html, yepe3 ctpanuuy ASSISTANT wnu CLMHOEKC
(aseestant.ceon.rs/index.php/vtg).

C VHCTpyKuMen no peructpauMM u npaeBam [AOCTYNa MOXHO O3HAKOMUTBLCS MO
agpecy http://www.vtg.mod.gov.rsf/index-ru.html, Ha cTpaHuue UHcmpykyuss o
ASSISTANT.

Bce aBTopbl, npepocTaBnslowmne CBOM pyKonucu Ans nybnukauun B pegakumio
XypHana «BOEHHO-TEXHUYECKMIA BECTHMK»  AOMKHbI  MPONTU  MpeaBapuUTENbHYH
peructpauuio B peectpe ORCID (Open Researcher and Contributor ID). 3ta npoueaypa
OCYLLIECTBISAETCS B COOTBETCTBMM C WMHCTPYKUMEWN, pasMELLEeHHON Ha CTpaHuue caunTa
Pezaucmpauyus e peecmpe ORCID 0ns npucgoeHusi udeHmuguKayUuoOHHO20 Kooda.

«BOEHHO-TEXHNYECKNI BECTHUK» MyONMKyeT cTaTby Ha aHrnuMickoM sasbike (Arial,
wpndT 11 pt, npoben Single).

Mpouecc NOAroTOBKM, HaAMUCaHUA W pedakTUpPOBaAHMS  CTaTbM  [AOMKEH
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
NUCCrNedoBaHMsl), OCHOBHYH YacTb (COOTBETCTBYKOLWMIA 00630p npeacTaBUTENBHOMO
uccrnegoBaHMsi B OaHHOM obnacTn, YeTKoe W3MOXEHWEe Hay4yHOW HOBU3HbI B
npeacTaBneHHOM MUCCNeaoBaHWUM, COOTBETCTBYIOLLYIO TEOPETUYECKYD OCHOBY, OOUH UMx
HECKONMbKO MpUMEpPoB ANS OEeMOHCTPUPOBaHUA U OOCYyXXOeHWs npeacTaBreHHbIX
TEe3UCOoB), 3akKMnyeHne W Cnucok nuTepatypbl (6€3 HymepauuuM 3arofioBKOB WU
nopsaronoskoB). O6beM cTaTbW 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 KOMMbKOTEPE C MCMNONb30BaHMEM 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 CrOBa M CroOBOCOYeTaHUsl, YAOOHble Ans uMHAekcauuu 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 CTaTben 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 CTaTbW M Ha3BaHWe XypHana MoryT ObiTb 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 Y4YpexpeHus, 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 opraHusauui 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 Y4YpexaeHun paboTaeT kaxabil n3 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 cratben sBnsietca 0653aHHOCTbIO 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 XXypHane pacnpefenstoTcs no crneayowmum KaTeropusm:

Hay4Hble cTatbm:

— opurMHanbHas HaydHas cTatbs (paboTta, B KOTOpOW NPUBOAATCA paHee
HeonybnvKoBaHHble pe3ynbTaTbl COBCTBEHHbLIX WCCNEAOBaHWM, MOMYYEHHbIX Hay4YHbIM
MeToaoM);

— obs3opHas cTaTbs (paboTa, cofepxallas OpUIMHalbHbIA, aeTanbHbl 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 KpuTudeckoro obcyxaeHns HayyHoro
maTtepuana (UCTOPUKO-apXMBHOIO, NeKcukorpadmyeckoro, bubnunorpaduyeckoro, ob63opa
AaHHbIX U T.M.) — A0 CUX NOP HEM3BECTHOMO MM HEAOCTATOYHO AOCTYMHOIO AN HayYHbIX

uccregoBaHuin.  PaBoTbl, knaccuuuMpoBaHHble B Ka4ecTBe HayyHbIX, JOIHKHbI UMETb,
Mo MeHbLUENn Mepe, OBE MOMOXNTESbHbIE PeLeH3NN.

B cnyyae ecnu B XypHane oObABMAAIOTCA WM NPUMOXEHUSA, HE MMEIOLLUE HayYHbIA
XapakTep, Hay4Hble CTaTbu AOMKHbI ObiTb CrPYNNMPOBaHbI U YETKO BblAENEHbI 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 NpuUIoXxeHne (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 0O0bem O0630pHbIX cTaten MoxeT ObiTb 6onbwe. OrpaHuyveHuss no
KONMMYECTBY CTPaHUL, HE SBMSIOTCA CTPOrMMMU, CrefoBaTenbHO MpY COOTBETCTBYHOLLEM
obocHOBaHuM npegocTaBneHHble paboTbl MOryT ObITb ANMHHEE unu Kopoye. B cnydae
noJayn paclUMpeHHbIX BEPCUI paHee onybnmkoBaHHbIX AOKAA4O0B, NPeACTaBEeHHbIX 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 pe3ynbTaTbl MPUBETCTBYIOTCS, HO He SBMSOTCA
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 AomkHa ObIThb HaNMcaHa Ha aHIMMACKOM A3bIKE.

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 0o6o3HavaeTcs NopsAKoBbIMY HOMEpPaMu, MPOCTaBAAEMbIMU C
MpaBol CTOPOHbI B KPYIMbiX CKOBKax.

Pestome

Pestome saBnsetca kpaTkuMm MHAOPMATUBHBIM 0630pOM CoAepXaHus CcTaTbMy,
obecneyvBalOWmM yuTaTento ObICTPOTY M TOYHOCTb OLEHKM €€ peneBaHTHOCTW. B
MHTepecax pedakuMm W aBTOPOB, YTOObI pes3ioMe Ccodepxano TepMWHbl, 4acTo
ncnonb3yemble A5 MHAEKCMPOBaHMA 1 noucka ctatber. CocTaBHbIMM YacTAMM pesiome
ABNAIOTCS BBeAeHWe/uernb uccneaoBaHns, Metoabl, pesynbTaTel 1 BbiBOAbl. B pesiome
JOmKHO 6biTb OoT 100 go 250 croB, M OHO [OOIMKHO HaxXOAMUTCA MeXay TuTyramu
(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 BbiGMpaTb, onvMpascb MpuM 3TOM Ha Kakon-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, YTODObI YacToTa UX BCTPEYM B cTaTbe Oblnia 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/pepakropa.

[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 nporpaMmMy, MPUBOASTCA B OTAENbHOM MPUMEYaHUW, Kak NpaBuno, 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(bepeHLun), cBeaeHnss 06 3TOM OOMKHbI ObiTb ykasdaHbl B OTAEMbHOM 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
HOMEpPOM C BEpXHeW CTOPOHbl. PoTorpadpMm M PUCYHKM [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 WCTOYHWMKM B pamMKax 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, €CnvM 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 cmuns. MNMpu oopMneHnn CCbinok, LMTaT U crnmcka
UCMNOMb30BaHHOM nNUTEpaTypbl HEOOXOOUMO NPUOEPKMBATLCA 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 BHW3Y CTPaHWUUbl, 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 MEPEBOASTCA 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 odopmnenun 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
CUCTEMAx OLEHKM >XypHana CuuTaeTcsl [OCTaTOYHOM MPUYMHOM Ans OocrnapyBaHusi
Hay4YHOro craTtyca XypHana.
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ABTOpCKOe 3asiBrieHue

ABTOpCKOE 3asiBfieHMe MNpeaocTaBnsAeTcA BMECTe CO CTaTbell, B HeM aBTopbl
3aABNAIOT O CBOEM JIMYHOM BKMade B HanucaHue crtatbW. B 3asBrneHun asTopbl
noaTBEPXKOaloT, YTO CTaTbs HanucaHa B COOTBETCTBUM C  [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

781

POZIV | UPUTSTVO AUTORIMA / MTIPUMTAWEHWVE U MHCTPYKUNA AN ABTOPOB PABOT / CALL FOR PAPERS, pp.769-787



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2022, Vol. 70, Issue 3

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 thelist of periodicals for mechanical engineering,
category: reputed national journal (M51),

—on the list of periodicals for materials and chemical technology,
category: reputed national journal (M51).
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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 Russian Index of Science Citation/Poccuickuin nHoekc
HayyHoro umtupoBaHusa (RINC/PUHL) and is constantly monitored depending on the
impact within the bases themselves and indirectly in the international (e.g. Clarivate
Analytics) citation indexes. More detailed information can be viewed on the website of the
Military Technical Courier, page Journal indexing.

Military Technical Courier enables open access and applies the Creative Commons
Attribution (CC BY) licence provisions on copyright. The copyright details can be found on
the Copyright notice and Self-archiving policy page of the journal's website.

Manuscripts are submitted online, through the electronic editing system
ASSISTANT, developed by the Center for Evaluation in Education and Science — CEON.

The access and the registration are through the Military Technical Courier
site http://www.vtg.mod.gov.rs/index-e.html, on the page ASSISTANT or the page

SCINDEKS or directly through the link (aseestant.ceon.rs/index.php/vtg).

The detailed instructions about the registration for the service are on the website
http://www.vtg.mod.gov.rs/index-e.html, on the page Instructions for ASSISTANT.

All authors submitting a manuscript for publishing in the Military Technical Courier

should register for an ORCID ID following the instructions on the web page Registration
for an ORCID identifier.

The Military Technical Courier publishes articles in English,
using Arial and a font size of 11pt with Single Spacing.

The procedures of article preparation, writing and editing should be in accordance
with the Publication ethics statement (http://www.vtg.mod.gov.rs/publication-ethics-
statement.html).

The article should contain 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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All articles are peer reviewed.

The list of referees of the Military Technical Courier can be viewed at website
page List of referees. The article review process is described on the Peer Review

Process page of the website.

Address of the Editorial Office:

Vojnotehnicki glasnik / Military Technical Courier
Veljka Luki¢a Kurjaka 33

11042 Belgrade, Republic of Serbia

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

tel.: +381 11 3603 260, +381 66 8700 123
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