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MWHUCTAPCTBO OOBPAHE PEMYBIVMKE CPEUJE
MEOWJA LLEHTAP ,O0BPAHA”

HvpekTop
Cmesuya C. KapanaHuuH, NyKOBHUK

YHVUBEP3UTET OABPAHE Y BEOIPALlY
PekTop
Mpod. ap MnadeH BypyHa, reHepan-majop, “http://orcid.org/0000-0002-3558-4312

HauernHuk ofceka 3a nagaBayky AenaTHOCT
[pazaHa Mapkosuh

YPEAHWK BOJHOTEXHUYKOTI TMACHUKA
Mp Hebojwa Nahelua, NOTNYKOBHUK
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YPEBMBAYKM OOBO0P

— reHepan-maiop npod. aAp boiaH 3pHKh, MuHucTapcTBo onbpaxe Penvbnuvke Cpbuie. Ynpasa 3a onbpambeHe TexHonoruje
CekTopa 3a MaTepuianHe pecypce, npeaceaHunk Ypehusaukor onbopa, “http://orcid.ora/0000-0002-0961-993X,

— reHeparn-maiop npod. Ap MnaaeH BypvHa, YHuBep3uTeT ogbpaHe y beorpagy, 3aMeHuk npefceaHuka Ypehmsaykor
on6opa. “http://orcid.ora/0000-0002-3558-4312,

— MYKOBHWK npodb. Ap Munexko AHapuh, YHuBep3uTeT onbpare v Beorpaay, BoiHa akanemvia, @ http://orcid.ora/0000-0001-9038-0876,

— mp Ceprei A. AprvHos, 'maporpaduyeckoe obiiectso, CaxkT-NeTepbypr, Poccuiickas denepaums (Hydrographic society,
St. Petersbura. Russian Federation), ®http://orcid.ora/0000-0002-5264-6634,

—npod. ap Ismat Beq, Lahore School of Economics, Lahore, Pakistan, ®http://orcid.ora/0000-0002-4191-1498,

—npodb. ap CtesaH M. Bep6ep, The University of Auckland, Department of Electrical and Computer Engineering, Auckland,
New Zealand, ®http://orcid.ora/0000-0002-2432-3088,

—npod. ap Cara BpaHew, NHctutyt .Muxaino Mvnun“, Beorpan. ®http://orcid.ora/0000-0002-7054-6928.

— npod. aAp Neonna W. MpeunxmH, MUHCKun rocynapCTBEHHbIV BbICLLIMIA aBUaLMOHHbIN konneax, MuHck, Pecnybnvka
Benapycb (Minsk State Higher Aviation College, Minsk, Republic of Belarus), ©http://orcid.ora/0000-0002-5358-9037,

— npod. Ap Anekcanap B. [lopoxoB, XapbKOBCKMIA HaLMOHaMNbHbI 9KOHOMUYECKWIA VHBEPCUTET, XapbKoB, YKpanHa
(Kharkiv National University of Economics, Kharkiv, Ukraine), ©http://orcid.ora/0000-0002-0737-8714,

— npodb. Ap Xerbko Typosuh, YHrepauteT v Beorpaay, EnekrpotexHudkm cakyntet, Ghttp://orcid.ora/0000-0002-6076-442X,

— ap Hukona >Kerapau, Cprcka akanemuia usvmmuTersa 1 HavdHuka, beorpaa, @http://orcid.ora/0000-0002-1766-8184,

—npodb. ap Anekca J. 3eiak. YHueepauteT v Hosom Cany, PakvnTeT TexHuykvx Havka, ©http://orcid.ora/0000-0001-5114-2867,

—npodb. ap Bvkuvua M. JosaHosvih, Old Dominion University Norfolk, USA, ©http://orcid.org/0000-0002-8626-903X,

—npod. ap BpaHko Koeaueswh, YHuBepauteT v Beorpaay, EnekrpotexHunykuy coakvmreT, ©http://orcid.ora/0000-0001-9334-9639,

— ap Cama Jb. Kopuua. YrusepauteT YHuoH - Hukona Tecna. Beorpan. @http://orcid.ora/0000-0002-7915-9430.

— Hav4Hu caBeTHWK aAp Ana W. KoctoB, MHCTUTYT 3a pvaapcTteo 1 metanvpruiv. bop. Ghttp://orcid.ora/0000-0003-1893-7187,

— BaHp. npodb. Ap Cnaeorby6 C. Jlekuh, YHusepauteT v Beorpaay, MorsonpuepenHu dakvnTer, &http://orcid.org/0000-0002-4834-3550,

— ap Bacunuje M. Manoeunh, Combustion and CCS Centre, Cranfield University, Cranfield, United
Kinadom. ©http://orcid.ora/0000-0002-8377-7717.

— MOTMNYKOBHYIK BaHP. npodh. Ap Japomup Mapec, YrusepauteT onbpare v BpHy, Yetuka Penvbnmka, ©http://orcid.org/0000-0002-1337-3821,

— akanemuk 'pagumvp B. MunosaHosuh, Cpricka akanemuia Havka v ymeTHocTi, Beorpan, ©http://orcid.ora/0000-0002-3255-8127,

— BaHp. npod. ap Penumarthy Parvateesam Murthy, University Guru Ghasidas Vishwavidvalava, Department of Pure and
Applied Mathematics. Bilaspur (Chhattisaarh). India. ®http://orcid.ora/0000-0003-3745-4607.

— Hay4Hu caseTHuK ap Mpenpar Metposuh, VIHCTUTYT 3a TenekomyHukauwje u enektpoHnky UPUTEN ALl
Beorpan. ®http://orcid.ora/0000-0002-0455-7506.

—npod. Ap Cnasko J. MokopHW, Bucoka wkona 3a nHdopMaumnoHe TeXHororuje, padyHapckv AusajH u caBpeMeHo
nocnoeakwe, Beorpaa, ©http://orcid.ora/0000-0002-3173-597X,

—npod. ap CtoiaH PaneHosuh, YHuBepauteT v beorpaay. MawwuHcku dakynteT, ©http://orcid.ora/0000-0001-8254-6688,

— npod. ap AHapeia Camyosuh, YHusepsuteT v beorpaay. Caobpahainu dakvnTer, Ghtto://orcid.ora/0000-0001-6432-2816.

— npod. aAp JoHen Ctapeuy, Transilvania University of Brasov, Romania, ®http://orcid.ora/0000-0001-5947-7557,

— Hay4Hu caBeTHuKk ap Cpehko C. Ctonuh, RWTH Aachen University, Faculty for Georesourcen and Materials Engineering,
IME Process Metalluray and Metal Recvclina, Aachen, Deutschland, ®http://orcid.ora/0000-0002-1752-5378,

— npodb. ap Mupocnas [. TpaiaHosuh, YHuBep3uTeT v Huwwy, MatumHckm chakvnTeT., Ghttp://orcid.ora/0000-0002-3325-0933.

—npod. ap Bnaaumup YepHoB, Bnaoumupckuii rocyaapcTBeHHbIN yHUBepeuTeT, Bnaoummp, Poccuiickasa depnepauus
(Vladimir State University, Vladimir, Russian Federation), ©http://orcid.ora/0000-0003-1830-2261.

— NoTnVkoBHWK Mp Heboiwa H. Mahewwa, ypeaHnk BojHoTexHWYKor rnacHuka, cekpetap Ypehusaukor
opbopa, ©http://orcid.org/0000-0003-3217-6513.
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MpBu WTamnaxu 6poj BojHomexHu4koe enacHuka objaBrbeH je 1. 1. 1953. roguHe

MpBO eneKTpoHCKO n3aawe BojHomexHu4ykoe enacHuka Ha NHTepHeTy ob6jaBrbeHo je 1. 1. 2011. roamHe

BojHomexHuy4ku enacHuk je nuueHumpaH kog EBSCO Publishing-a, HajBeher cBeTckor arperatopa Yaconuca, nepyoavke 1 octanmx
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[OparaHa MapkoBuy

PEOAKTOP BOEHHO-TEXHNYECKOIO BECTHUKA
Kangmpat TexHnyeckmx Hayk Hebonwa Mavelua, noanonkoBHUK
e-mail: nebojsa.gacesa@mod.gov.rs, Ten.: +381 11 3241 311, +381 64 80 80 118, “http://orcid.org/0000-0003-3217-6513
COBET PEOAKTOPOB
— leHepan maiiop npodeccop A-p BosH 3pHKY, Ha4anbHUK YNpaeneHns 060POHNTENbHbLIX TeXHoNoruii npu lenaptameHte
mMaTepuarnbHbIx pecvpcoB MunuctepcTea o6opoHsl Pecnybnuku Cepbusi, npeaceaatens Coseta pefakTopos,
http://orcid.ora/0000-0002-0961-993X.
— 'eHepan mariop npodeccop aA-p MnageH BypyHa, pektop YHuBepcuteTa obopoHsl B I. Benrpage, 3amectuterns
npeacenatens Coseta peaaktopos, Ghttp://orcid.ora/0000-0002-3558-4312,
— MonkoBHuK npodeccop a-p MuneHko AHapuy, YHuBepcuTteT o60poHbl B I. Benrpaa, BoeHHasi akagemus,
http://orcid.ora/0000-0001-9038-0876,
— kaHamaat Havk Ceprej A. AprvHoB, M'vaporpaduyeckoe obuiecTtso, CaHkT-MNeTepbypr, Poccuiickas deaepauus,
http://orcid.ora/0000-0002-5264-6634,
— lNpodeccop a-p Ismat Bea, Lahore School of Economics. Lahore, Pakistan. ©http://orcid.ora/0000-0002-4191-1498.
— [-p CteBaH M. Bep6ep. The University of Auckland, Department of Electrical and Computer Engineering, Auckland, New
Zealand. ©http://orcid.ora/0000-0002-2432-3088.
— MNbodeccop a-p CaHs BpaHneww, MHCTUTYT «Muxaino Mvnuny, Benrpaa. ©http://orcid.ora/0000-0002-7054-6928.
— Mpodeccop a-b JleoHna MpeunxmH. MUHCKUIA rocyaapCTBEHHbBIV BbICLUMIA aBUALMOHHBIN konneax, MuHck, Pecnybnvka
Benapvcb. Ghttp://orcid.ora/0000-0002-5358-9037.
— MNpodeccop a-p Anekcanap Jopoxos, XapbKOBCKMUI HALIMOHAMBbHBIN S3KOHOMUYECKUIA YHUBEPCUTET, XapbKoB, YKpauHa,
http://orcid.ora/0000-0002-0737-8714.
— Mpodeccop a-p XKenbko xypoBuy, Benrpaackuin yHMBepcuTeT, DNEKTPOTEXHNYECKUI (haKynbTeT,
http://orcid.ora/0000-0002-6076-442X,
— 0-p Hukona M. Xerapau, Cepbckas akanemus nobpetateneit n vieHbix, Benrpan, ©http://orcid.ora/0000-0002-1766-8184,
— lMNpocbeccop o-p Anexca 3eiak, YamsepcuteT B 1. Hosn Can, ®akynbTeT TexHn4eckux Havk, Ghttp://orcid.ora/0000-0001-5114-2867,
— [-p Byvkuua M. NoeaHosuy, Trine University, Allen School of Eqaineering and Technology, Department of Engineering
Technoloayv. Anaola. Indiana. USA, ®http://orcid.ora/0000-0002-8626-903X.
— MNpodeccop a-p BpaHko Koayesuy, benrpaackuii yHusepeutet, QnekTpoTEXHUYECKUI hakynbTeT,
http://orcid.ora/0000-0001-9334-9639.
— O-p CaHs J1. Kopuua. YHuBepcuteT «YHUOH — Hukona Tecnay. r. Benrpaa. ©http://orcid.ora/0000-0002-7915-9430,
— HavuHbiit coBeTHWK a-p AHHa KocToB, MHCTUTVT ropHoro aena n metannyvoru, 1. bop, ©htto:/orcid.ora/0000-0003-1893-7187,
— [I-p Cnasonto6 C. exuy, Benmanckuii vHBepcuTeT. dakvrbTeT cenbekoro xossneTsa., & http:/orcid.ora/0000-0002-4834-3550.
— [O-p Bacunmin M. Manoswy, Combustion and CCS Centre. Cranfield University. Cranfield, UK, ©http:/orcid.ora/0000-0002-8377-7717,
— MoanonkoBHWK A-p Apomup Mapec, YHuBepcuteT 060poHbI B I. BpHO, Yexus, Ghttp://orcid.org/0000-0002-1337-3821
— Mpodeccop a-p MNpaavmup B. MunoeaHoBuyY, uneH CepbGcekoii akagemumn Hayk, Benrpag,
http://orcid.ora/0000-0002-3255-8127,
— O-p Penumarthy Parvateesam Murthy, University Guru Ghasidas Vishwavidvalava, Department of Pure and Applied
Mathematics. Bilaspur (Chhattisaarh), India. ©http://orcid.ora/0000-0003-3745-4607.
— HavuHbiii coBeTHUK A-p Mpeapar MNeTposuy, YNpaBnsoLwmii AMDEKTOD NO BONPOCaM UCCnenoBaTensckux pabor
MHcTuTyTa TenekommvHukauwmin u anektpoHuku «IRITEL AD» r. Benrpan. ©http://orcid.ora/0000-0002-0455-7506.
— MNpodeccop a-p Cnasko MokopHW, Konneak MHhOPMaLMOHHbLIX TEXHOMOTWIA, KOMMNBIOTEPHOIO AN3aiHa U COBPEMEHHOrO
6usHeca. benrpan. Ghttp://orcid.ora/0000-0002-3173-597X.
— Mpodeccop a-p CtosH PageHosuy, Benrpaackuii yansepcuteT, PakynbTeT MalumHocTpoerus, Ghttp://orcid.org/0000-
0001-8254-6688.
— MNpodeccop a-p AHnpesi Camuosud, Benranckui vArsepcuteT, GakynbTeT TpaHcnopTa, Chttp://orcid.ora/0000-0001-6432-2816,
— lMpodbeccop a-p MoHen CrapeLy, TpaHcunbBaHUACKWIA YHUBEPCUTET B T. Bpaluos, PymbiHus, Ghttp://orcid.ora/0000-0001-5947-7557,
— HayuHbiin coBeTHUk A-p Cpeyko C. Ctonn4, RWTH Aachen University, Faculty for Georesourcen and Materials
Enaineerina. IME Process Metallurgy and Metal Recvclina, Aachen, Deutschland, ©http://orcid.org/0000-0002-1752-5378,
— lMpodeccop a-p Mupocnae TpasHoBWY, YHMBepcuTeT B . Huw, ®akynbTeT MaluMHOCTPOEHNS,
http://orcid.ora/0000-0002-3325-0933.
— MNpodeccop a-p Bnaanmup YepHos, Bnaanmmupckuii rocyaapcTBeHHbIN yHuBepcuteT, Bnagumup, Poccuiickas
tenepauns, Ghttp://orcid.ora/0000-0003-1830-2261.
— MoanonkoBHWK kaHaMAaT Havk Hebowwa Mavewwa, peaaktop BoeHHO-TeXHNYECKoro BecTHUKa, cekpeTapb CoseTa
pepaktopos, ©http://orcid.org/0000-0003-3217-6513.
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Cmamsu, npucnaHHble pedakyuu XypHana He so3spaujaomces

JKypHana BbinyckaeTcsi exekBapTarnbHO

MepBbit HOMep BoeHHo-TexHWUYeckoro BecTHMKa BbinyLleH 1.1.1953 ropa.

MepBas anekTpoHHas BepCcKs XypHana pa3MeLleHa Ha uHTepHeT ctpanuue 1.1.2011 ropa.

BoeHHo-TexHn4eckunin BECTHUK BKIoueH B cuctemy EBSCO — BcemnpHasi akagemuyeckas 6a3a JaHHbIX M CEPBUCOB.
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Abstract:

This editorial marks the jubilee which the scientific journal Military
Technical Courier celebrates in 2017 - 65 years of reqular and continuous
publication. On this occasion, the Editorial Office expresses gratitude to
individuals and institutions who have contributed most to the progress and
success of the journal.

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

In 2017, the Military Technical Courier, a scientific journal of the
Ministry of Defence of the Republic of Serbia, marks the 65" anniversary
of its reqular and continuous publishing.

The journal was founded by a decree of the Chief of the General Staff
of the Yugoslav Army in August 1952 in order to continue the tradition of
five reviews of military branches and services (Artillery Courier, Tank
Courier, Military Engineering Courier, Courier of Communications in the
Yugoslav Army and Logistics and Support of the Yugoslav Army) which
had been covering tactics and technique issues from 1947 to 1952.
According to the founding act, the main tasks of the Military Technical
Courier were “to analyze and study issues regarding armament, technical
and other material equipment of the branches and services concerning the
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knowledge of the materials, their handling, application, effects, storage,
repair and upgrading as well as to deal with technical issues of the
organisation, war experience of logistic services and military traffic and
evacuation.” Chief of the General Staff's decree of 16th December 1952
founding the first editorial board that “has a directive to be responsible for
the review editing” was followed by the first issue of the Military Technical
Courier in January 1953.

The Military Technical Courier follows in the footsteps of the
outstanding military technical publications published in our previous
countries (in the Kingdom of Serbia and Kingdom of Yugoslavia): Artillery
and Engineering Courier (1905-1906), Artillery Courier (1926-1932),
Infantry and Artillery Courier (1933-1941), Engineering Courier (1929-
1940), Aviation Courier (1927-1941) and Nautical Courier (1933-1940).
There is no doubt that their quality and professional profiles paved the way
to today’s Military Technical Courier (Gace$a, 2012, pp.7-13).

On the occasion of the journal's 60™ anniversary of the publication,
marked in 2012, we listed the most significant results in its editorial policy from
its foundation in 1953 until 2012 (Gacéesa, Jovanovi¢, 2012, pp.20-45).

Taking this opportunity, we would like to emphasize several
important achievements realized in the period from 2012 to 2016.

Since 7" July 2014, the journal has been indexed and visible in the
ROAD. ROAD, the Directory of Open Access Scholarly Resources, is a
service offered by the ISSN International Centre with the support of the
Communication and Information Sector of UNESCO.

Also, since 23rd July 2014, the journal has been indexed, referred to
and available in the Directory of Open Access Journals (DOAJ). The
DOAJ is an online directory that indexes and provides access to quality
open access, peer-reviewed journals. Additionally, the DOAJ awarded the
Seal label to the Military Technical Courier on 20" July 2016.
The DOAJ Seal is a mark of certification for open access journals,
awarded by the DOAJ (in accordance with standard criteria) to journals
already in its base that achieve an additionally high level of openness,
adhering to Best Practice and high publishing standards. The Military
Technical Courier has thus become the first journal in the Republic of
Serbia with this prestigious designation.

Since 18" February 2015, the journal has been indexed in the
Russian Scientific Electronic Library (eLIBRARY.RU) and the Russian
Science Citation Index (RSCI), as the first scientific journal from Serbia
indexed in the RSCI.

As of 27 November 2015, the Military Technical Courier is a member
of OASPA (Open Access Scholarly Publishers Association).

In this year’s Bibliometric Report, as well as in its 2012, 2013 and
2014 Reports, the Center for Evaluation in Education and Science (CEON)
marked the Military Technical Courier with “kk (quality control through the
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CEON Aseestant system)” which represents the controlled quality of a
journal in this evaluation system. The Military Technical Courier is one of
the first journals in the Serbian Citation Index to obtain it.

On the occasion of this year's jubilee, the Editorial Office expresses
gratitude to individuals and institutions who, through their dedication,
commitment and assistance, have provided the continuity and progress of
the journal in the past period. Our special appreciation for their unstinting
support in achieving the criteria for raising the quality of editorial work and
journal’s visibility is extended to the following colleagues and associates:

— Nikola Stani¢, CEON — Center for Evaluation in Education and
Science (Serbian Citation Index),

— Emma Mandich (Omma Mangpid), Victor Gluhov (Buktop Mnyxos),
Evegenia Shepelova, (EereHusa Lenenéea), eLIBRARY.RU -
Russian Scientific Electronic Library (RSCI - Russian Science
Citation Index),

— Anastasia Nesterova (AHactacus Hecteposa), Publisher "Lan" -
Electronic Library System,

— Julia Malsagova, CyberLeninka — Scientific Electronic Open Access
Library,

— Sonja Brage, DOAJ - Directory of Open Access Journals,

— Claire Redhead, OASPA - Open Access Scholarly Publishers
Association),

— Slavko Pokorni and Stojan Radenovié, members of the Editorial
Board and reviewers,

— Dobrila Mileti¢, Serbian language editing and proofreading,

— Jasna Visnji¢ (English language editing and translating), Karina
Avagyan (Russian language editing and translating), Dragan
Vuckovi¢ (French language editing and translating),

— Danijela Proti¢, General Staff of the Serbian Armed Forces — Center
for Applied Mathematics and Electronics,

— lvica Ocokolji¢, General Staff of the Serbian Armed Forces - Center
for the command and information systems.

The Editorial Office is also grateful to all the authors who have put
their trust in the Military Technical Courier as well as to previous editors,
involved reviewers and members of the editorial boards whose longtime
commitment obligates the current and future members of the Editorial
Office to work persistently on the further improvement of the journal,
especially on increasing the journal's bibliometric quality and impact in
both Serbian and international academic community.
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65-NETUE XXYPHAINA «BOEHHO-TEXHUYECKUIA BECTHUK® —
BbIPAXEHUE BJTATOOAPHOCTU

Hebolwa H. MNavewa
MuHuncTepcTBo 060poHbl Pecnybnukn Cepbus,
r. benrpag, Pecnybnuka Cepbus

B CTATbW: pegakumoHHas cTaTbsl, BblpaXxkeHne 6narogapHocTy
A3bIK CTATbW: aHrnuickuin

Pe3some:

LaHHasi pedakyuoHHasi cmamesi rpedcmasnsem 0630p, MoCesIWEHHbIU
robunerww  Hay4YHo20 XKypHana «BoeHHO-mexHu4YecKkuli  8eCMHUKY,
komopbii 6 2017 200y ommevyaem 65-nemue HenpepbigHOU
pedakyuoHHo-u3damerbckol u nybnuyucmuyeckold desmesibHocmu. B
c853U ¢ amoli 3HaMeHamesbHoU 0amod, pedakyusi XypHarna ebipaxaem
enybokyto  briazco0apHocmbe  fuuaM U OpeaHu3auusivM,  Komopble
crocobcmeosarnu fpospeccy U ycrexy XXypHana Ha MnpomshKeHUU ezo
CyuiecmeoeaHusl.

Kntouesble crioga: BoeHHO-MeXHUYeCKUU 8€CMHUK, Hay4HbIlU XypHar,
robunel, wecmbOecsim namasi 20008ujuHa, briaezodapHoCcMeb.
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«BoeHHO-TeXHMYECKNIA BECTHUMK» — XypHan MwuHuctepctBa 0GOPOHbI
Pecnybnukn Cepbus B 2017 rogy oTmedaeT 65-netve CBOeN HenpepbiBHON
peAakuMOHHO-M3OaTeNbCKOM U NyONMUMCTMYECKON AeATENBHOCTY.

XKypHan yupexgeH cornacHo [lpukasy HavanbHuka [eHwTaba HOHA
(FOrocnaeckas HapogHast Apmus), oT 27-oro aBrycta 1952 roga, B kavectBe
XKypHarna KOTOpbI MPOAOIMKUT YCNeLwwHyo paboTy MNepuoanyecKkux usgaHun:
CApPTUNNEPUNCKNA BECTHUKY», «TaHKOBbIA BECTHUK», «BOEHHO-UHXeHepHbIN
BECTHUK», «BecTHuk cBssen HOrocnaesckonm apmum» M «Tbin 1 cHabxeHue
KOrocnasckon apmuny, Beinyckaemblx B nepuog ¢ 1947 no 1952rr. Mpukaszom 06
yupexaeHmm >xypHana «BOEHHO-TeEXHMYECKUA BECTHUK» OnpefeneHbl ero
OCHOBHblE 3aJayu, a WMEHHO: «ocBellaTb BOMPOCblI Pas3BUTUSA TEXHUKM,
BOOpPYXEHMs u o00opyaooBaHUMA BOOPYXXEHHbIX CWf, B TOM uucne ux
NCMNOMb30BaHWS, XPaHEHNsT N YCTPaHEeHUs1 HEUCNPaBHOCTEN, a Takke BOMNpPOCHI
OpraHvM3aumMoHHOro xapakTepa B o6nactm ThbiIOBOrO U TEXHUYECKOrO
obecneyveHns Boncky». B cootBetcTBMM ¢ lMpukaszom MNeHwTaba KOHA ot 16-oro
nekabpss 1952 roga co3gaH W nepBbit PedakuMOHHbIA COBET —  opraH
pykoBoAAWMN XypHanoM. [lepBbii HOMep >XypHana «BoeHHo-TexHunyecknin
BECTHUK» Bblwen B ssHBape 1953 roga.

«BoeHHO-TeXHMYEeCKNA BECTHUK» MpOJOSKaeT Tpaavuuvio BblAaloLMXCH
nybnukaunin BOEHHO-TEXHUYECKOrO XapakTepa, KOTopble BbIXoAunu ele BO
BpemeHa cyuiectsoBaHua Koponesctea Cepbus un Koponesctea tOrocnasus, B
Buae xypHanoB: «WHxeHepHo-apTunnepunckun BecTHUk»  (1905-1906),
ApTtunnepuiickun  BecTHUK  (1926-1932),  «CyxonyTHO-apTUINIEPUNCKMNn
BeCTHUK» (1933-1941), «WNHxeHepHbIN BecTHUK» (1929-1940), «BecTHuK
BOEHHO-BO34YLUHbIX cun» (1927-1941), «BecTHUK BoeHHO-Mopckunx cun» (1933—
1940). 3Tn XypHanbl CBOMM Ka4yeCTBOM, HECOMHEHHO, MONOXUN PYHOAMEHT U
NPONOXUNn nyTb, CNOCOOCTBOBYS CKOPOMY pas3BUTUIO >XypHana «BoeHHo-
TexHunyeckun BectHuk» (Gacesa, 2012, pp.7-13).

B 2012 rogy, korga Mbl oTMedanu 60-rneTue xypHana Obinu npuBeneHbl
Hanbonee 3HayMMble COObITMS W pe3ynbTaTbl AonronetHen paboTbl, Gbina
onucaHa pepakuMoHHas NoNuTUKa XypHana, bnarogapsi KOTOPOW OCYLLEeCTBIEH
psag Bblicokux goctmxkeHun (Gacesa, Jovanovic, 2012, pp.20-45).

3a nocnegHune Heckonbko net (2012-2016) ocywecTBneH uensin psag
Ba>KHbIX JOCTWKEHMWIN, HEKOTOPbIE N3 HUX NoAYepKnBaemM ¢ 0cobow ropaoCTbio U
YOOBONbCTBUEM.

Tak, Hanpumep, «BoeHHO-TeXHMYEeCKMA BeCTHUK» ¢ 7 wuona 2014 roga
NMPOVHOEKCMPOBaH U pasMelleH B [MPEKTOpMM HaydHbIX PECYPCOB OTKPbLITOrO
poctyna ROAD (the Directory of Open Access scholarly Resources). Cepsuc
ROAD 3anyweH MexagyHapoaHeiM LeHTpoM ISSN npu nopaepxke Cektopa
KOoMMyHMKauun n nigopmanmm UNESCO.

Takxe, 23 utonsa 2014 roga npoBedeHO NHOEKCUPOBaHNe, pedeprpoBaHme
N pasmelleHne XypHana B MexayHapoaHon 6ase JaHHbIX Katanora OTKpbITOro
poctyna DOAJ (Directory of Open Access Journals). DOAJ — gupektopus
XypHanoB OTKpbITOro AOCTyna, KoTopas wuHaekcupyeT u obecneuyuBaeT
cBOOOAHLIA  JOCTYN K MOMHbIM TEKCTaM pPEeLEeH3MPOBAaHHbLIX HayYHbIX U
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akagemuyeckunx xypHanos. Oupektopuin DOAJ 20 uona 2016 roga npucsowun
XypHany «BoOeHHO-TEXHUYECKUA BECTHMK» 3Hak kKadyectBa “Seal ([NevaTtb)”.
DOAJ Seal — 3TO 3Hak, KOTOpbIN B KayecTBe MpPU3HaAHUSA OOCTMKEHUN
nybnukauumn, DOAJ nprucBaeBaeTcsd, NpeaBapUTENbHO MHOEKCMPOBAHHBIM B €ro
OCHOBHOW ©a3se, XypHanam (B COOTBETCTBUM CO CTaHOAPTHLIMU KPUTEPUSIMM),
COOTBETCTBYIOLMM  BbICOKOMY  YPOBHIO  PEedakUUOHHbIX CTaHZapToB U
OTNMUUBLLMXCS Hauny4wen npaktukon (Best Practice). Takum obpasom, xxypHan
«BoeHHO-TexHVMYeCcKMn  BeCTHUK»  sABRsieTcd  nepsBov  nybnukauven 13
Pecnybnunkn Cepbusa, yooCTOEHHOW OaHHOro npectukHoro npusHaHua DOAJ
Seal.

KypHan c¢ 18.02.2015r. wuHTerpupoBaH ¢ HayyHOW 3nNEKTPOHHOWM
6ubnuotekont (eLIBRARY.RU), a Takke ¢ PoccuiCKMM WMHOEKCOM Hay4HOro
untnpoBaHusa (PUHLL), kak nepBbIi cepOCKNIA Hay4YHbIN >KypHar, pa3MeLLeHHbIN
B PUHL.

27 Hosb6psa 2015 roga XypHan cTtan uneHom Accouuwaumu mspartenen
Hay4yHbIX u3gaHunm oTkpbiToro goctyna - OASPA (Open Access Scholarly
Publishers Association).

LleHTp no sBanbBaumm B 06nactm Haykum un obpasoBaHus (LLEOH) B
bubnruomeTpuyeckom oTyeTe TeKyllero roga, a Takke B oTyeTax 3a 2012r,
2013r. n 2014r. npucsoun XypHany «BOeHHO-TEXHUYECKM BECTHUK» 3HaK
KayecTBa «Kk» (KOHTpoOnb kadectBa nytem npunoxeHus LIEOH AccucteHT)».
[daHHbIM 3HakOM 0003Ha4YaeTCs KOHTPOSIbHOE Ka4yecTBO NyGnukaumm B cucteme
aBanbBauun. XKypHan «BoeHHO-TEXHUYECKUIA BECTHUK» SIBNAETCA OOHOW U3
nepBbix nybnukaumih B CepOCKOM WHOEKCE HAy4YHOrO  LUTMPOBaHWUS,
YOOCTOEHHOW NPUCBOEHNS JAHHOMO 3HaKa.

Mo cnyvao wbunes, PepakuuMa >xypHana BblpaxaeT rnyboKyto
GrarogapHOCTb Nuuam U y4pexaeHusiM, KoTopble CBOEW CaMOOTBEPXXEHHOW U
npegaHHon paboTonm BHecnu 6GonblOW BKMag B pasBUMTUE KypHama Wu
crnocobCcTBOBanNM MNoBbIWEHNIO ero kadectBa. OTaenbHyk 6GnarogapHocTb 3a
OonbLUyl0 NOAAEPXKKY, KOTOPYK OKas3anuM HaM B OOCTWXEHUW KpUTepueB Mo
MOBLILEHMIO KayecTBa pedakuMOHHOM paboTbl M y3HABAaeMOCTM >KypHana,
Bblpa)aeM HallMM napTHepam, Konsneram u coTpyaHuKam:

— Hukone Crannyy, LUEOH — LleHTp no aBanbBaumMm B 0oGnactv Haykm u
ob6paszoBaHus (CepOCKUn MHOEKC LMTUPOBAHNS),

— Omme MaHabiy, Buktopy MnyxoBy, EBreHuun Lenenéson, eLIBRARY.RU -
HayuHa anektpoHcka 6ubnuoteka (PUHL, - Poccuickun nHaekc Hay4yHoro
LUUTUPOBaHUS),

— AHacTtacum HectepoBoi, WMapaTenbctBo «JlaHby -  OnEKTPOHHO-
bmbnmoteyHas cuctema,

— KOnun ManbcaroBoin, KubeplleHnHka - Hay4yHas anekTpoHHasi 6ubnmoTeka
OTKPbITOro JOCTYyna,

— CoHe Bbpare (Sonja Brage), JOAJ - [upekTtopus >XypHanoB OTKPbITOro
poctyna (DOAJ - Directory of Open Access Journals),
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Knep Penxen (Claire Redhead), OACIA - Accouvauunsa uspgatenen
Hay4HbIX n3gaHunm otkpbiToro goctyna (OASPA - Open Access Scholarly
Publishers Association),
— YneHam pegakumoHHOro coBeTa W peueH3deHTam: Cnaeky [MokopHu 1
CtosiHy PageHoBuuy,
— [oG6pune Munetuy - koppekTop (cepbckunit A3bik),
— [llepeBogyunkam 1 KoppekTopam:
AcHe BuwHWMY (aHrnnicknn n cepbekuin A3bikn),
KapuHe ABarsH (pycckuii u cepbCckmin A3bIku),
OparaHy ByukoBudy (opaHLy3CKMin u cepOCckmMn A3bIkn),
— [Hanuane lMpotu4, BoopyxeHHble cunbl Pecnybnukn Cepbus, MeHwTab -
LleHTp npuknagHon mateMaTuK 1 3NEKTPOHUKN,
— Weunue Ouokonunyy, BoopyxkeHHble cunbl Pecnybnuku Cepbus, MNeHwTab -
LleHTp koMaHOHO-MHGOPMALIMOHHBIX CUCTEM.

Ocobyto 6narogapHOCTb pefakumst BblpakaeT BCEM aBTOpaM, OKa3aBLUUM
aoBepue XypHany ,BOeHHO-TEXHMYECKMI BECTHUK® nyOnuMkyss B HEM CBOU
paboTbl, a Tawkke npeabliayluM pedakTopaMm, pPeLeH3eHTaM W 4YreHam
peLKonnerny, NoXepTBOBaHHbIA AONTONETHUA TPyA KOTOPbIX 006A3biBaeT BCEX
YNEeHOB peaKomnnernn, Kak B HacTosiliee Bpemsi, Tak n B Oygyllem, ycepaHo
TPYAMTBCS B HanpasfieHUV COBEPLLUEHCTBOBAHMWS XypHana, 0COGeHHO B MnaHe
OMONMOMETPUYECKOrO  PacnpoCTpaHeHMst U BAWAHWSE Ha cepbckoe U
MeXayHapoaHoe akageMmyeckoe coooLLecTBoO.

NnET

AR
d P

597

GaceSa, N., 65 years of the Military Technical Courier — acknowledgments, pp.591-601



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2017, Vol. 65, Issue 3

65 TOANHA ,BOJHOTEXHUYKOI ITTACHUKA” — U3JABA
3AXBAJIHOCTH

Heb6ojwa H. Mahewa
MwuHucTapcTeo onbpaHe Penybnuke Cpbuje, beorpag, Penybnuka Cpbuja

BPCTA UJTAHKA: yBoAHUK, usjaBa 3axBanHocTu
JESNK YJTAHKA: eHrnecku

Caxemak:

YB800HUK npedcmasrba ocepm Ha jybunej Koju HayyHU 4Yacornuc
~BojHomexHu4Kku enacHuk” obenexasa y 2017. 200uHU — we3decem nem
200uHa pedosHoz U HerpeKkudHOoz2 usnaxera. TumM rnosodom pedakyuja
yriyhyje usjagy 3axeasiHocmu nuuyuma U ycmaHoeama Koju cy Hajeuwie
OQorpuHesnu Harnpemky u ycriexy 4acornuca y rnpomeksiom nepuody.

KrbyyHe peyu: BOJHOMEXHUYKU enlaCHUK, Hay4YHu 4acoruc, jyburnej,
we3decem nema 200uWHUYa, 3ax8anHoCm.

,BOJHOTEXHUYKN T[MACHUK’, HayyHu daconuc MwuHucTapcTBa ogbpaHe
Penybnuke Cpbuje, y 2017. rogmHn obenexaBa we3sgeceT neTy roavmuly
CBOI PEOOBHOT 1 HEMPEKUAHOT N3NaXeHa.

Yaconuc je ocHoBaH Hapepgbom HadenHuka leHepanwTtaba JHA op 27.
asrycta 1952. roguHe, Kao HacTaBrbad Tpaguumje neT goTajallkMx vaconuca
pogoBa u cnyx6u: ApTurbepujckor, TeHKOBCKOr U WHXUH-EPUjCKOr rnacHuka,
MmacHuka Be3a JA n lNosagmHe n cHabaeBawa JA, Koju Cy uanasunu y nepuogy
oa 1947. go 1952. roguHe, n objaBremBann cagpxaje U3 TaKTUKE U TEXHUKE.
OcHMBa4YkMM akToMm pfeduHMcaHun Cy W OCHOBHWM 3agjaumn ,BojHoTexHuukor
rmacHuka”. ,0a pasmaTpa W npoyvyaBa nuTaka Yy BE3N Ca HaopyXareM,
TEXHUYKOM N OCTarioM MartepujaniHoM Oornpemom pogosa wm criyxbwu y norneny
no3HaBara, pykoBawa, Yynotpebe, p[ejctaBa, 4yBawa, OTKNawaha
HeMcnpaBHOCTM U yCaBpLUaBaka MaTtepujana, kao U Ja pacBeT/baBa TeXHU4YKa
nMTawa opraHusauuvje, paTtHa WCKycTBa MO3agUHCKMX Criyxbwu u  BOjHOr
caobpahaja n eBakyauuje.” Hapegbom HadenHuka eHepanwTtaba JHA og 16.
deuembpa 1952. roguHe copmupaH je M npBu ypehuBadkm opbop Koju y
OVPEKTMBHOM CMWCITy pykoBoau YypefuBaweMm daconuca’, a npBu  0Opoj
,BOJHOTEXHUYKOT IMacHUKa” n3allao je U3 wramne y jaHyapy 1953. roguHe.

»,BOJHOTEXHUYKM MACHUK® HaAcTaBiba MU Tpaauumjy n3y3eTHux nyonukauuja
BOJHOTEXHMYKOr KapakTepa Koje Cy uanaswne y HawvM paHujuMm gpaBama
(KparbeBunn Cpbuju n KparseBuHu Jyrocnasuju): ApTUNEPUCKO-MHXNHEPCKU
rnacHuk (1905-1906), ApTturbepuckn rnacHuk (1926-1932), [lewapmcko-
aptunepuckn rnacHuk (1933-1941), Wnxuwepujckn rnacHuk (1929-1940),
BasgyxonnoBHu rnacHuk (1927-1941) n MopHapuukn rnacHuk (1933-1940).
OBK vaconucum cy CBOjUM CTPYYHUM MNPOCPUIOM U KBANUTETOM HECYMHUBO
yTpnuv NyT 1 gaHawmweMm ,BojHoTexHuukom rmacHuky” (Gacesa, 2012, pp.7-13).

MoBogom 60. roguwknLe M3naxerwa Yaconuca Koja je obenexena 2012.
roguHe HaBenun CMO Haj3HaudajHuje pesynTaTte y HeroBoj ypehusaykoj nonutuum
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Koju cy ocTtBapeHu oa ocHuBawa fo 2012. rogunHe (GaceSa, Jovanovié, 2012,
pp.20-45).

OBOM MPUIMKOM WCTUYEMO HEKOSMMKO BaXKHWX OocTurHyha ocTBapeHux y
nepuogy og 2012. go 2016. roguHe.

BojHOTEeXHUYKM rMacHuK je oa 7. jyna 2014. roguHe MHOEKCUMPaH U BUASbUB
y ONPEKTOPUjy Hay4yHUX pecypca ca otBopeHum npuctynom ROAD (Directory of
Open Access scholarly Resources). CepBuc ROAD ogpxasa ISSN
mefyHapogHu ueHTap y3 nogpluky Cektopa 3a KOMyHuKauuje U uHopmMucarwe
UNESCO.

Takohe, yaconuc je oa 23. jyna 2014. roguHe nHaekcupaH, pedeprcaH u
JocTtynaH n y ampektopujy 4Yaconmnca otsopeHor npuctyna DOAJ (Directory of
Open Access Journals) koju nHaekcmpa n obesbehyje npucTyn KBanMTeTHUM U
peueH3paHMM Hay4YHMM Yyaconucuma oTBopeHor npuctyna. dupektopuj DOAJ
je, 20. jyna 2016. roguHe, ,BojHOTEXHMYKOM rnacHuKy” gogenuo o3Haky ,Seal”
(neyaT), koja ce poderbyje Beh NpPeTxXO4HO WHAEKCMpaHMM Yaconucuma y
HMXOBOj OCHOBHOj 6a3m (y cknagy ca ctaHgapaHVM Kputepujymmma), a Koju ce
O04aTHO MNpuApXaBajy W3y3eTHO BMCOKUX HMBOA W3AaBaykMx cTaHgapga u
Hajborbe mM3gaBavke npakce (Best Practice), wTto npeacraesrba npusHawe TUM
Hanopuma. Tako je ,BOjHOTEXHMYKM rnacHMK® MNOCTao MNpPBM 4Yaconuc u3
Peny6nuke Cpbuje kojem je DOAJ goaenno oBy NpecTukHy O3HaKy.

Op 18. hebpyapa 2015. rognHe Yaconuc je MHAeKcupaH y pyckoj HayuHoj
enekTpoHckoj 6ubnuoteun (eLIBRARY.RU) u Pyckom wHOekcy HayyHor
untupara (PVHL) kao npeu Hay4Hn Yaconuc n3 Penybnuke Cpbuje.

HaHa 27. HoBembpa 2015. rognHe 4aconuc je MocTao uYnaH Yapyxewa
nsgaeava Hay4yHux nybnukaumja oteopeHor npuctyna — OASPA (Open Access
Scholarly Publishers Association).

Llentap 3a eBanyauujy y obpasoBawy un Hayum (LUEOH) je n y
oBoroguwHem bubnmomeTpujckom M3BeLWTajy, Kao M y masewTajuma 3a 2012,
2013. n 2014. roguHy pogenno ,BOjHOTEXHMYKOM TMACHUKY® O3HaKy KK
(koHTpona kBanuteta nocpegcteom LIEOH AcucteHnta)” koja o03HauaBa
KOHTPOMMCaHU KBanuTeT 4Yaconuca y cuctemMy esanyaumje. ,BojHOTExXHMYKK
rnacHuK’ je jegaH og npeux Yaconuca y CprickoOM LUTaTHOM WHAEKCY Koju je
Ao6ro 0By O3HaKy.

MoBodom oBoroguwker jyovneja pegakumja ynyhyje mnsjaBy 3axBasniHOCTU
nMuMMa 1 ycTaHoBama KOoju Cy CBOjMM 3anarakem, aHraxoBarsem U MpyXeHOM
nomohun OOMpPUHENV ofpXaky W HanpeTKy 4Yaconuca Yy MpOTEeKnoM nepuogy.
MocebHO ce 3axBarbyjeMO 3a BENUKy MOAPLUKY KOjy Cy HaM, Yy [OCTU3aky
KpuTepuvjyma 3a nogmsawe kBanuteTa ypehusaukor paga v npenosHaTibuBOCT
yaconuca, NpyXunm Konere n capagHuuu:

— Hukona Crtanuh, LLEOH — LleHTap 3a eBanyauujy y obpasoBaky M Hayum
(Cpncku unTaTHN NHAEKC),

— Ema Mangnd (Omma Mangbeid), Buktop [nyxos, EsreHuja Llenenjosa
(EBrenus Lenenésa), eLIBRARY.RU — Hay4Ha anekTpoHcka bubnunoTeka
(PUNHL - Pyckn nHaekc Hay4Hor uMtupansa),
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AHactasvja HectepoBa (AHactacus HectepoBa), Wspasau Jlan* —

EnekTpoHckn 6Gubnmnotekapckn CUCTEM,

Jynnja MarbcaroBa (KOnua ManbcaroBa), CyberLeninka — HayuyHa
ereKTpoHcKa bmubnmoTeka OTBOPEHOr NPUCTYyNa,

Cowba bpare (Sonja Brage), JOAJ — [upekTtopuj 4aconmca OTBOPEHOr

npuctyna (DOAJ - Directory of Open Access Journals),

Knep Peoxen (Claire Redhead), OACIIA — Yopyxehwe nsgasada HayydHUX

nybnukaumnja otsopeHor npuctyna (OASPA — Open Access Scholarly

Publishers Association),

— Cnasko [NMokopHn n CtojaH PageHosuh, unaHoBu Ypehusaukor ogdopa u
peLeH3eHTn BojHOTeXHUYKOr rracHuka,

— [o6puna MuneTuh, nekTop 3a CPNcKn jesuk,

— JacHa Buwruh (npesoamnal, 1 NekTop 3a eHrnecku jesnk), KapnHa AsarjaH
(MpeBogmnay u nekTop 3a pycku jesuk), OparaH Byykosuh (npesogunay un
NeKTOop 3a hpaHLyCKn je3uk),

— Hanujena lMpotuh, MeHepanwTtab Bojcke Cpbuje — LieHTap 3a npMMereHy
MaTeEMaTUKy N EeNEeKTPOHNUKY,

— WMBuua Ouokorbuh, MNeHepanwTab Bojcke Cpbuje — LleHTap 3a komaHgHO-

WHOPMaLIMOHE cUCcTeEME.

Pepakumja ce, Takohe, 3axBarbyje CBMM ayTopuma Koju Cy ykasanm
nosepewe ,BOJHOTEXHUYKOM NACHUKY”, Kao W MPEeTXOOHUM YypeaHuumma, Te
aHraxxoBaHWM peLeH3eHTMMa W unaHoBuma ypefuBaukmx opbopa, 4mju
Oyroroguwtn NOXpPTBOBaHW pag obaBesyje capjawwe M Oyaoyhe unaHoBe
pedakumje Aa UCTpajHO page Ha AarbeM yHanpehewy yaconuca, nocebHo Ha
nosehawy OubnMomeTpujckor KBanmuTeTa W YTULAJHOCTM Yy  CPMCKOj MU
MefyHapoaHoj akageMcCKoj 3ajeaHuLN.
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Abstract:

The paper discusses possible applications and benefits of modern
technology in the preparation and management of operations (activities,
combat activities). In the process of preparations and operations
management, combat modeling plays an important role within the
activities of military commanders and their staff. Standard combat
modeling could be incorporated into the collaboration management of all
components. At the staff level, the combat modeling is considered as a
war game, which is part of optimal variant selection and confirmation of
friendly forces action.

Key words: UAV, autonomous system, tactical activities, combat
preparation, combat modeling.
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Introduction

Using modern technology in current and future operations of any nature
is an essential part of the consideration of military and non-military experts.
The basic attribute of this consideration is whether (and how) these
technical means will bring the "added value" in the operation preparation
and execution phases. These "added values" include in particular:

» Faster, more accurate and more powerful information gaining,
capable to be evaluated in the operation preparation and execution
phases.

 Highly variable combat modeling to facilitate commander’s and staff
member’s environment for finding the optimal solution of combat
situations.

» Complete or partial replacement of human potential, including
transportation and the use of autonomous weapons systems in the
operation area.

* A number of other time-space and numerous different benefits that
may ultimately deter adversaries from their intentions.

The authors of the paper deal with certain aspects of the use of UAVSs,
autonomous vehicles and combat equipment for the preparation and
management of selected tactical activities. A training of the students of the
University of Defense was carried out without technical means in the military
training area Dédice in June 2016. At the end of 2016, within the
International Forum of the Future Forces Forum, a UAV - drone and an
autonomous agent TAROS were used for a raid preparationin the exhibition
space in Prague. The results of this exercise (experiment) showed that the
use of the drone and the TAROS significantly improved the quality of
commander’s information flow in the preparation and execution phases of
the raid and shortened the time needed to plan the combat and accomplish
the mission.

Since the beginning of the 21st century, significant progress in the
Czech Army was made in the so-called project "Soldier of the 21st century."
The following requirements were formulated as the key capabilities of the
project:

 Destructiveness - includes guns, ammunition, identification and
optoelectronic devices and external elements of fire.

+ Sustainability - is a requirement related to the ability of three to five-
day action of the soldier on the battlefield, including the operability of
information systems and their energy sources; this requirement also
includes survivability of the soldierin terms of feeding.

* Mobility - the ability of airdrop and efficient movement in difficult
terrains for orientation, including built-up areas.
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» Soldier safety and survival - combat identification, protective
camouflage and protection against weapons of mass destruction.

« Communication skills - communication technologies, control units
and, for example, the warning system under the acronym C4l
(Soldier of the 21st century / Vojak 21 stoleti, 2006).

A very important requirement for the implementation of technical
means used by soldiers in combat is their relatively simple and user-
friendly usage. Even the experience of advanced armies in the world
shows that, if a soldier is extremely dependable on a device he uses and,
in many cases, directly carries on his body, the equipment may be
misused, i.e. that a soldier is simply unable and unwilling to use these
devices in full spectrum. Instead to focus on his primary task - observation,
searching and destroying the enemy - his attention is disrupted by
monitoring andchecking the device.

Key features of the used UAV

In October (17 to 21) in 2016, the authors of the paper used Phantom
4, an industrially manufactured drone for tactical operations(Fig. 1), during
the 12th Annual International Exhibition of Future Forces Forum 2016 in
Prague 9 - Lethany. The assault team leader had a drone with permanent
monitoring of the scanned image from his command-observation post
during the preparation and execution phases of the raid.

P
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Figure 1 — 1 DJI - Phantom 4 Pro (Dj Phantom 4 Pro, 2016)
Puc. 1 - [poH ®aHmom 4 lNpo (DjPhantom 4 Pro, 2016)
Cnuka 1 - [QpoH ®aHmom 4 [po (DjPhantom 4 Pro, 2016)

A camera on the drone is equipped with a 1-inch 20-megapixel sensor

able to record video and take sequential pictures at 14 frames per second
(Fig. 1). The Flight Autonomy system complements the rear pair of image
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sensors and infrared sensors. The Phantom 4 Pro is thus capable of
observing in five directions and is able to avoid obstacles in four directions.
The drone may be normally 30 minutes in air with a range of operation of 7
km. Flight autonomy is extended to a set of stereo image sensors with high
resolution, stored in the rear of the aircraft, complementing a pair of
sensors at the front and side-placed infrared sensors to perceive
obstacles. This connection creates a whole that is able to perceive
obstacles in five directions and is able to avoid them in four directions. The
remote controller of the Phantom 4 Pro is equipped with a modernized
Lightbridge system for HD video transition, which adds support for the
transmission frequency of 5.8 GHz. The choice between 2.4GHz and
5.8GHz allows the pilot to avoid interference and reduces the delay image
transmission in the areas with extensive use of 2.4GHz frequency. The
Phantom 4 Pro assesses the level of surrounding interference and
automatically selects the transmission frequency with the least
interference. The battery life of the remote control is five hours.

The device is capable of intelligent flight. It employs new technology
to enter its route. A flight path can be drawn quite simply on the Phantom 4
Pro screen and the drone will fly using this path maintaining the given
altitude. This allows the pilot to concentrate on working with the camera
and the creation of complex scenes. There are two modes that can be
used in different cases:

+ Standard - aircraft follows a route at a constant speed, the camera is

rotated to the direction of flight.

* Free - aircraft follows a route only when directed. In this mode, the

camera can shoot in any direction.

The Phantom 4 Pro automatically detects objects, follows them and
films them in motion, which facilitates the creation of complex scenes.
Advanced algorithms for image recognition used by the Phantom 4 Pro
enable it to identify and track the subject keeping it engagedat the same
time. This new algorithm also recognizes different types of objects, from
people and vehicles to animals, etc., and adjusts the flight dynamics to
achieve a smooth shot. The pilot can now choose between:

» Trace - tracking behind or in front of the subject, automatically

avoiding obstacles.

» Profile - flight concurrently with the subject at various angles for

getting a shot in profile.

» Spotlight - camera keeps the subject in the frame while the aircraft

can fly almost anywhere.

The Phantom 4 Pro also has a "return home" function. This feature
enables automatic selection of the best route to return to the initial
conditions. During the flight, the drone records the path allowing its return
along the same route and avoiding obstacles, even if the control signal is
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interrupted. Depending on the heightat the time of signal loss, the
Phantom 4 Pro is also able to modify the flight path to avoid obstacles
recorded during the flight. If the drone encounters any obstacles or if the
landing zone is watered, it alerts the pilotat a convenient height for a safe
landing.

The application DJI GO shows the status of the battery and calculates
the remaining air time based on the distance traveled and other data. The
application warns when reaching the minimum capacity needed to secure
safe return back to the starting point. The battery is equipped with an
advanced management system that prevents overcharging and total
discharge. During long-term storage, batteries are needed to maintain long
life automatically discharged to the storage voltage (Dj Phantom 4
Pro, 2016).

Combat modeling

After receiving the task from senior commanders at all levels, combat
preparing and planning will start. Even though one of the phases of
planning combat fighting is not called modeling, it is, in fact, a particular
type of modeling.

In line with the existing and still valid Czech military regulations
(VSeob-R-1, VSevojsk-1-2, VSevojsk-1-3, VSevojsk-1-4 and VSevojsk-1-5),
commanders perform at some stage in the planning process a so-called
organization of cooperation. The goal of this process is to tune up the
efforts of all forces and resources that contribute to the fulfillment of the
tasks and to achieve its uniform understanding. It is usually organized in
accordance with tasks (or even multiple sub-tasks) and time lines.
Depending on the available time, the commander can organize synergies
by two methods:

* In case of (relatively) enough time, by so-called suggestions by

commanders of subordinate units.

* In case of lack of time, using prescriptive — order of activities of

subordinate units, forces and resources to play (model) situations.

The commander, preferably from a particular field in which the task
will be performed, plays a possible situation on the battlefield and either
directs how each friendly forces elements will respond to the situation, or
ask subordinates for their solutions. From these solutions, the commander
will then select the optimal one and determine how a situation will be
solved during the combat.

Because this "modeling" is largely dependent on information about all
the influences that act upon the decision of commanders, it is obvious that
especially one of the major influences carries a certain degree of
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inaccuracy and that one is the enemy situation. The commander has a
very good overview about the situation of his/her own units, terrain and
other influences; the enemy situation is always an estimate, which may
differ from the actual situation. If this happens, the organization of
cooperation during combat must be specified or organized again.

At the battalion level and above, at some stage of the military decision
making process, aso-called wargame is usually organized. And this is, in a
sense, "modeling", which should confirm the optimal variant of the tactical
activities.

During the military decision making process, staff members in
particular use a series of models and programs to accelerate and refine
decisionmaking and operations. These include visibility models of the
terrain; selection of the optimal observation post, radio connection
modeling, etc.

Some exercise aspects
Raid on the objective KOTARY

There was a three days exercise conducted by twelve students of the
University of Defense in the military training area Dédice in June 2016.
The topic of the exercise was a raid on an objective controlled by the
enemy. There was assault team deployment on a Friday afternoon
(position 1 in Fig. 2) and the issuance of the operational order. The raid
objective - a building Kotary artillery shooting range is indicated in Fig. 2,
position 2 (detail in Fig. 3). The straight line distance between positions 1
and 2 is about 2.5 kilometers. If appropriate roads are used, the distance is
about 3.5 kilometers.

The task of the team leader:

* Issue missions to take a stand attracting, preparation and securing

the area.

* Began planning and, simultaneously with the start of planning, send
two combat patrols (pairs) to the raid objective.

+ After certain time, withdraw one combat patrol from the area of the
raid in order to take the information about the objective and the
enemy activities (the second combat patrol remains constantly at the
spot in order to maintain updated information for the commander’s
decision).

» After the planning phase, issuethe operation order to the assault
team.

+ Assault team moves to the objective.
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+ At the meeting point, take specific information from the commander of
the combat patrol which remains at the spot and explain the tasks to
the commanders of each subgroup.

* Report the readiness to carry out the raid to the superior command post.

» Within the given time, execute the raid and reportfulfillment of the
mission to the command post.

» Withdraw the assault team out of the raid area to the assembly area
(again rank No. 1 in Fig. 2), where the taskis evaluated.

* Move the assault team to the pickup point (outside Fig. 2), and set up
a secure landing zone (imaginary) for the helicopter.

+ After landing (imaginary helicopter), the assault team is transported to
the thematically stable environment.

Figure 2 — The raid area
Puc. 2 — lNyHkm HanadeHusi
Cnuka 2 — Obnacm Hanada

The conclusions from the exercise:

* The assault team spends a large part of the mission by moving to
and from the objective (Fig. 3).

* Information obtained about the objective "just" by observation was not
sufficiently detailed (direction and number of entries in each sub-objects
and their collateral, the number of persons in the enemy object).

* Information about the objective was not topical, neither in the
planning phase nor in the execution phase.
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Figure 3 — The objective
Puc. 3 - Llenb
Cnuka 3 - Lurb

Raid on the objective Praha — Letnany

During the 12th International Exhibition Forum 2016 Future Force (17-
21 October 2016), the authors demonstrated theuse of modern technical
means in the tactical activities by small teams (Fig. 4). The topic was also
a raid on an objective held by enemy forces. The team leader had an
available Phantom 4 Pro drone and the TAROS remotely controlled
system.
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Figure 4 — Assault team movement supported by the TAROS. The image taken by the
drone controlled by the team leader.
Puc. 4 — lNepedsuxxeHue crieynodpasdesneHus npu noddepxke TAPOC. ®omo, ¢
rnomouwibto OpPoHa, 8bINMOJSIHUIT KOMaHOUp crieurodpa3oesieHus.
Cnuka 4 — Kpemarbe onepamusHe 2pyrie y3 nodpwky TAPOC-a. ®omoepachujy
Harpasuo eofja muma nomohy OpoHa.

The following conclusions could be made based on the exercise:

The TAROS system was used:
* To transport the assault team to the objective and to drop off the
striking element.

* To cover the members of the assault team while approaching the
objective and during the withdrawal (Fig. 4).

» To drop off the team element into the "first floor" of the objective to
complete the destruction of the enemy (Fig.5).

* To provide cover to the wounded team member during the raid
execution (Figure 5), and his subsequent transport into a stable zone.

The Phantom 4 Pro drone was used for:

* Reconnaissance of the objective before the arrival of the assault
team.

» Constant monitoring of the situation in the objective in order to
provide accurate and topical information to the striking element team
leader.

» Monitoring of the withdrawal axis.

610




Figure 5 — Use of the TAROS during the execution phase. The image taken by the drone
controlled by the team leader.
Puc. 5 — Ucnonb3oeaHue TAPOC npu amake. ®omo, ¢ nomMowibto OpoHa, 8bIMOosHUI
KomaHOup crieunodpa3desieHusl.
Cnuka 5 — Kopuwherne TAPOC-a mokom ¢hase Hanada. @omoepadghujy Hanpasuo eoha
muma rnomohy OpoHa.
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Figure 6 — Usage of the TAROS to cover the wounded team member.
The image taken by the drone controlled by the team leader.

Puc. 6 — Ucnonb3osaHue TAPOC 0nsi npukpbimusi paHeHoeo.
®omo, ¢ nomouwbto OPoHa, BbINOJIHU KOMaHOUp crieuyrnodpasdeseHusl.
Cnuka 6 — Kopuwhere TAPOC-a 3a rokpugare par-eHoe Y/1aHa muma.
®omoepacgpujy Hanpasuo eoha muma rnomohy OpoHa.

Even thoughthe two exercises were not fully comparable (regarding
terrain, weather, etc.), it is possible to conclude that the use of modern
technology such as UAVs or other remotely controlled systems
significantly influences the mission in a positive way. This equipment
reduces the mission preparation phase, which should normally take one
third of the available time. Moreover, it provides accurate, topical and
almost online information essential to fulfill the task as well as to save lives
of soldiers and resources. Controllingthis equipment is very simple and
user friendly. Therefore, there is no need to add any operator to the unit,
since the drone or the TAROS could be operated directly by the
commander or the subordinate in charge.

Usage of aerial reconnaissance could lead to a significant change of
tactical activities in the future. There are numerous possibilities of using
drones and other modern technology even at this team level, and attention
to this should be brought within scientific research and experimentation.
Some progress has already been made, especially in the field of aerial
reconnaissance, which is presented in the next chapter.

Model of cooperative aerial reconnaissance

Computer support of decisionmaking is a new trend in the military.
Decision Support Systems (DSS) provide a tool for commanders to share
information, analyze information and discover knowledge that can help
them to plan their missions optimally (Stodola, Mazal, 2016). Advanced
DSS are able to propose and analyze possible variants to fulfill the
intention of the commander, evaluate the probability of success, and warn
of potential threats and danger along with the second-order effects.
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At the University of Defence, Czech Republic, the Tactical Decision
Support System (TDSS) has been developed since 2006. The TDSS
provides complex tactical and geographical information and analyses.
Moreover, it is composed of many models of military tactics. If a task of the
commander is compatible with one of the models included, he/she can use
the system to plan the task optimally (Hodicky, Frantis, 2009).

This Section presents one of the models implemented in the TDSS. It
is the model of Cooperative Aerial Reconnaissance (CAR). The goal of this
model is to explore the area of interest by a fleet of aerial elements in a
near-optimal manner which depends on the optimal criterion selected
which is mostly as fast as possible. Aerial elements are Unmanned Aerial
Systems (UAS) capable of following precomputed routes (waypoint
navigation).

The several main aspects of the model are as follows:

» There is a number of elements (at least one) deployed in the area of
operations. The area of interest to be explored is defined by an
arbitrary polygon.

» The area of interest is evenly covered by a number of waypoints. The
average distance between the waypoints is specified according to the
requirements of the commander and the parameters of the aerial
systems used.

* The area of interest is considered as explored if all waypoints are
visited by at least one of the elements.

* The model plans the routes of individual elements between the
waypoints to conduct reconnaissance in a near-optimal manner (in
accordance with the optimal criterion selected).

The formulation of the CAR model follows.

Let 4, = A be the area of interest as a part of the area of operations.

Let G= (VE) be a graph where V' =UUW is a set of elements
U= {UI,UZ,...,UM} and the waypoints W = {WI,WZ,...,WN} and E is a set
of edges between all nodes in the graph. The waypoints are evenly
distributed in the area of interest with the average mutual distance d,,.

For every edge E; between the existing nodes V; and V; (i # j)), a
non-negative cost c; is associated which can be interpreted as a time
period necessary for the element to travel along the edge. After the ftrip,
the elements have to return back to their original position.

Formula (1) expresses the time ¢ for the element (k eU ) to travel
along its route and return back to its initial position. Next, formula (2)
presents the main goal of the model which is to minimize the highest cost
spent by the elements provided that the optimal criterion is to minimize the
time needed to conduct the whole reconnaissance operation.
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t =Zz c,.j.-x; for all keU,

i€V jeV

k
where x;

(1)
B {1 if edge E; is part of the route of element k and W, preceeds W,

0 otherwise.
minimize (max (t;)) for all k € U . (2)
A set of constrains exists. Constraint (3) illustrates that each waypoint
has to be visited only once, (4) forces each element to leave its initial

position no more than once and (5) forces each element to return back to
its initial position at the end of the task.

lej =1 for all jeW, (3)
ieV
ZXU. <1 for allieU, (4)
jew
in/. = Zxkl. for all i eu, ®)
jew  keWw

Conclusion

The already conducted exercises proved that the use of modern
technologies even within small units could bring significant improvement.
Moreover, in the case of implementation of this equipment into organic
units, some tactical procedures would change. It is possible to estimate,
based on the experiments, that the preparation phase, in a military
terminology Troop leading procedure (TLP), would be shortened and more
accurate. Some TLP steps as a mission analysis would be more efficient.
Also, reconnaissance of objectives, in case of offensive operations, would
provide accurate information essential for commander’s decision making.

Scientific research in this field is currently at the beginning of the
exercise phase. There were created some models for a computer-assisted
decision making process, which must be verified. However, it is obvious
that modern technologies will take over some activities which are now in
the commander's hands. The models are as good as appropriate data
given to the model. It is also very important to leave some possibilities to
the commander to make a decision and not to reflect on a solution
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proposed by models. Modern technologies are very useful in helping
commanders achieve the goals.
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MPUMEHEHWE COBPEMEHHbIX TEXHONOI M B YYEHUAX U
YIMPABJIEHN BOEBbLIMW NMOAPA3OENIEHNAMA

A1 Oposa, 3deHek dnacap, lMemp Ctogona
YHuBepcuteT 060poHbl B BpHO, ®akynbTeT BOEHHOro ynpasneHus,
Kadenpa Ttaktuku, r. BpHo, Pecnybnuka Yexus

OBNACTb: BOEHHbIE Hayku
BWO CTATbW: opurmHansHas Hay4Has ctaTbs
A3bIK CTATbW: aHrnuinckmn

Pe3some:

B cmambe npedcmaeneHb! npeumMyuecmea rnpuMeHeHUsi CO8PeMEHHbIX
mexHorioauli 8 nod2omoexke U yrpaesieHuuU orepayusmu (Gelicmeus,
boesblie Oelicmeusi). B npouecce ydyeHul u ynpaeneHuu onepayusmu,
b6oesoe MmoOenuposaHue uzspaem BaxXHyK porfb Kak 6 Oelicmeusix
KomaHOUpa, mak u ecex 4rieHos riodpa3sderneHusi. CmaHOapmHoe boegoe
ModenuposaHue Moxem 6bimb MPUMEHEHO 8 COBMECIMHOM yrpasieHuu
8cemMu cocmasHbIMU ariemMeHmamu. Ha yposHe uneHos nodpasdesieHus,
boesoe MmodernupogaHuUe paccMampueaemcsi Kak cumysisauusi boesol
ornepauyuu, Komopasi ekqryYyaem 8blbop onMmuMasibHo20 eapuaHma
Oeticmeuti u nodmeepxdeHue delicmeaut OpyXeCmeeHHbIX CUIT.

Kniouesblie cnosa: 6ecnunomHbil nemameribHbIU annapam, OpoH,
asmoHoMHasl cucmema, makmudeckue delicmeusi, boeebie y4YeHUs,
b6oesoe modenuposaHue.
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KOPULWIREHE CABPEMEHWX TEXHONOTIMJA 3A NMPUNPEMY N
YNPABJbAHE EOPEEHMM JEOVMHVLUAMA

Jan [po3n, 30en-ek dnacap, Nemp Ctogona
YHuBepanteT oabpaHe y bpHy, ®akynTteT BojHOr pykoBoheHa,
Kateppa TakTtuke, bpHo, Yelika Penybnvka

OBJ1ACT: BojHe Hayke
BPCTA YJIAHKA: opurMHanHn Hay4YHu YnaHak
JESNK YJTAHKA: eHrnecku

Caxemak:

Unanak pasmampa moeyhHocmu rnpumeHe u npedHocmu MOOepHe
mexHoriozuje y MpUrnpemMu U yrpaerbarby orepauujama (akmueHocmu,
bopbeHe akmueHocmu). Y npouecy npurnpeme U yrpassbarba
oriepauyujama 6opbeHo MoOeniogak-e UMa  BaxHy ynoey |y
aKmueHocmuMa, Kako 3arnoselOHUKa, mako U 4YnaHoga He20802 muma.
CmaHdapdHo bopbeHO ModeriogaHe MOXe 0a Ce yKIby4du y 3ajeOHUYKO
yrpaesbarbe c8uM KOMrioHeHmama. Ha Hugoy uynaHosa muma 6opbeHo
ModersiogaH-€ ce rocmampa Kao cumynauuja bopbeHoz deriogarba, Koja
npedcmaesba 0eo udbopa onmumarnHe eapujaHme u rnomepdy akyuje
fpujamersbCKuUX CHaaa.

KmbyyHe pedu: 6ecniuniomHa nemenuua, GPOH, aymoOHOMHU CUCMeM,
makmuy4ke akmueHocmu, bopbeHa rnpurnpema, 6opbeHO Modesriogare.
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Abstract:

The constructions of three classical Greek problems (squaring the circle,
doubling the cube and angle trisection) using only a ruler and a compass
are considered unsolvable. The aim of this article is to explain the original
methods of construction of the above-mentioned problems, which is
something new in geometry. For the construction of squaring the circle
and doubling the cube the Thales' theorem of proportional lengths has
been used, whereas the angle trisection relies on a rotation of the unit
circle in the Cartesian coordinate system and the axioms of angle
measurement. The constructions are not related to the precise drawing
figures in practice, but the intention is to find a theoretical solution, by
using a ruler and a compass, under the assumption that the above-
mentioned instruments are perfectly precise.

Keywords: construction, squaring the circle, doubling the cube, angle
trisection, coordinate system, unit circle, rotation, proportion.

Introduction

Three problems were proposed in the time of the ancient Greeks,
between 600 and 450 BC. Even though the problems of squaring the
circle, doubling the cube and angle trisection date back to Thales’s times, it
is not known who proposed them. Many Greeks from that period until 500
AD attempted to solve the problems using only Euclidean constructions,
but without success. However, they did find a series of solutions using
tools other than a straight edge and a compass which made a significant
contribution to mathematics at the time.

No progress on the unsolved problems was made until 19th century
when abstract algebra was developed and concluded that the three Greek
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problems cannot be solved. The arguments put forward to prove the
unsolvability of squaring the circle, doubling the cube and angle trisection
were the impossibility of constructing the square root of 7, the cube root
of 2 and the angle trisection of 60°, respectively (Courant, Robbins, 1973,
pp.108-113). These individual cases prejudiced mathematicians against
the unsolvability of the three Greek problems.

Squaring the circle is related to constructing a square with the same
area as a given circle. Doubling the cube is the problem of determining the
length of the sides of a cube whose volume is double that of a given cube.
Angle trisecection concerns the construction of an angle equal to one third
of a given arbitrary angle. The above-mentioned problems are allowed to
be constructed using only a straightedge and a compass, i.e. using
elementary Euclidean construction.

Through an original method based on pure geometry, the three
problems have been solved. The work methodology is based on the
problem-solving process, i.e. constructive task-solving, consisting of four
parts: analysis (description of the construction), construction, proof and
discussion.

A reader should use a straightedge (ruler), a compass and a sheet of
paper to follow the procedure for solving the problems.

The construction of squaring the circle

In everyday speech we may hear the expression “squaring the circle”
used as a metaphor for trying to solve something impossible. The origin of
the phrase is not familiar to many of those who resort to its usage in
conversation, but it is widely known among mathematicians that it refers to
a problem proposed by ancient Greeks, related to constructing a square
with the same area as a given circle by using only a compass and a
straightedge (ruler).

When the length X = V2 is constructed, one can notice that the
construction of a side of a square, which meets the requirements of the
problem, is similar to the construction of the length X = /2 .

Description of the length construction X = V2

We will consider a line p to contain an arbitrary length AB (Fig. 1).
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Figure 1 — Division of the length AB in the ratio 1:2
Puc. 1 - [nuHa ompeska AB, 8 omHoweHuu 1:2
Cnuka 1 — lNodjena dyxu AB y odHocy 1:2

The point C divides the given length in the ratio of integers 2:1, i.e.
AC:CB = 2:1, in the following way: We construct an arbitrary ray Aq and by
a compass determine the points M and N so that the length AM=2, and the
length MN=1. Then we construct the length NB. The line s passing through
the point M is parallel to the length NB. We denote the intersection of the
lines s and p by C. Then we construct the line / passing through the point
C parallel to the ray Ag and denote its intersection with the length NB by L.
Let us prove that the length AB is divided by the point C in the ratio 2:1.

In Fig. 1, the triangles ACM and CBL are similar because the
corresponding angles at the vertices A and C, i.e. M and L are as equal as
angles with the parallel arms in the same direction.

The following proportion is true:

AC:AM=CB:CL (1)

by replacing: AM=2and MN=CL =1 in
we obtain: AC:2=CB:1 = AC:CB=2:1,
Q.E.D. (Quod erat demonstrandum).

Further, let us construct a semicircle on the length AB (Fig. 1).

With a compass and a straightedge, we construct the line n
perpendicular to the length AB through the point C and denote its
intersection with the semicircle by the point D. We construct the lengths
ADfnd BD. Let us prove that the length CD equals the real number
X=+2 .
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The right-angled triangles ACD and DCB are similar, because the
angles at the vertices A and D are as equal as angles with the
perpendicular arms. The vertex angle D of the triangle ADB is right-angled
because it is peripheral, whereas the straight angle BOA is 180° as the
central angle, which is two times as great as the peripheral angle.

The following proportion is true:

AC:CD=CD:CB (2)
CD?=AC - CB

if we replace

AC=2and CB=1in(2)

we obtain

CD? =21

CD=+2,

Q.E.D. (Quod erat demonstrandum).

In the 19th and 20th century, many mathematicians were trying to
prove the unsolvability of squaring the circle using an algebraic method
relying on the fact that +/2 cannot be written as a fraction; that is why it is
consider(i?Lan approximate number. However, in geometry, as we have
shown, +/2 is the length, because there are no approximate lengths.
Therefore, the value of /2 corresponds to the real number between 1 and
2, i.e. the relation is the following: 1<+/2 <2. The relation can be proven in
a classical, well-known way described below.

The Cartesian coordinate system is given (Fig. 2). In the first
quadrant, we construct the square OABC whose side OA equals 1.

}fl
C B
X 1
-X O =g X
1 A BT .,
-y

Figure 2 — Value of the length X between real numbers 1 and 2
Puc. 2 — 3nayeHue OnuHbl X mexdy GelicmeumernbHbiMu Yucrnamu 1 u 2
Cnuka 2 — BpujeGHocm Oyxu X usmeRy npupodHux epujedHocmu 1 u 2
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We denote the diagonal OB by X. According to the Pythagorean
Theorem, the equation of the right-angled triangle OAB is the following:

X2=12412 = X?=2 = X=2

If we rotate the length OB around the point O as a centre of rotation
by a negative angle a = - 45°, the point B will be mapped onto the point B1
which is situated between the points A and D on the axis Ox. (Fig. 2) The
length OB1 corresponds to the real number and it is bigger than the length
OA and smaller than the length OD.

“On the basis of Cantor’'s axiom which states that there is a one-to-
one correspondence between real numbers and points on a line, every
point on the real number line corresponds to a real number” (Doli¢anin,
1984, p.62). It can be concluded that the real point B1 is situated between
integers 1 and 2.

Squaring the circle using only a straightedge and
a compass is possible

Description of the construction:

A given circle’ with the central point O and the radius r are
denoted by k(O, r). The length AB is the diameter of an arbitrary
circle k (Fig. 3). As shown by the previous method, when
constructing the length X=+/2, we divide the diameter AB by the
point C in the ratio of integers 11000000 and 3005681, i.e. AC : CB =
11000000 : 3005681, in the following way:

On the arbitrary ray Aq, we determine the point M by
“transferring” 11000000 arbitrary unit lengths. Then we determine the
point N so that the length MN equals 3005681 arbitrary unit lengths.

Then we construct the length NB. Through the point M, we draw
a line s parallel to the length NB. The intersection of the line s and
the length AB is denoted by C. Through the point C we construct the
line | so that it is parallel to the ray Ag and its intersection with the
length NB we denote by the point L (Fig. 3). The length AB is divided
in the above-mentioned ratio by the point C.

! Instead of a circle, in Figure 3 a semicircle is constructed for the sake of clarity.
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Proof:

J%
!
] ‘hﬁ‘, N
L
Figure 3 — Proportion of the lengths AC and CB in the ratio 11000000 : 3005681

Puc. 3 — lNpornopuuoHansHocmb OnuHbl ompeska AC u CB 8 omHoweruu 11000000 : 3005681
Cnuka 3 — lNponopyuoHanHocm Ayxu AC u CB y odHocy 11000000 : 3005681

The triangles AMC and CLB are similar, so we can form the
proportion:

AC:AM=CB:CL (3)

Based on relation (3), we replace:

AM =11 - 10° and
MN = CL = 3005681 = 3.005681 - 10°

It follows that
AC:CB=11-10°: 3.005681 - 10°

After having it shortened with 10°, we get:

AC:CB=11:3.005681 =t (4)

Based on relation (4)

AC:11=t = AC=11tand CB : 3.005681 =t = CB =3.005681¢f, (5)
where t is a non-negative real number, i.e. t>0and t€ R.

Let us construct a line n through the point C to be perpendicular to the
diameter AB, and denote its (one) intersection with the periphery of the
circle by D. Then we draw the lengths AD and BD. AD represents the side
of the square whose area is equal to the area of the given circle. Then we
construct the square ADGH (Fig. 3).

Discussion: The problem of squaring the circle always has two

solutions, because the line n with the circle k(O,r), apart from the point D,
has one more intersection point D1 and thus the lengths AD and AD1 are
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equal. We can construct one more square of the same area as the given
circle. Thus the problem of squaring the circle has been proven solvable.

Proof of squaring the circle by calculation

By calculation, we shall now prove that the area of the given circle
k(O, r) equals the area of the square ADGH (Fig. 3).

Radius r(t) = (11t + 3.005681¢) : 2 (6)
r(t) = 7.0028405 - t
r(f) is a linear function whose graph (the part of line) belongs to the first

quadrant and is defined for every t > 0.2
By using the formula to calculate the area of circle

P="rr,r=7.0028405 ‘t,

we obtain the equation:

P(t) =(7.0028405t°7 =P(t) =49.039775¢ «

=P(t) = 154.062f (7)
=Py=154.06 ¥

P(t) is a square function whose graph (part of the parabola) belongs
to the first quadrant, and is defined for every t > 0.2

Now we shall calculate the area of the square ADGH.

The area of the square ADGH equals AD? (Fig. 3).

If we apply the Pythagorean Theorem on the right-angled triangle
ACD in Fig. 3, we obtain the relation:

AD?*= AC?+ CD? (8)
AC =11t = AC? = 121£ (9)

Based on the similarity of the triangles ACD and DCB in Fig. 3, the
proportion is true:

AC:CD=CD:CB
= AC?=AC - CB (10)
if AC = 11t = AC = 121F
By replacing AC = 11t and CB = 3.005681t in (9), we obtain
CD?= 11t - 3.005681t
CD?=33.062f

2 Drawing the function graph r(t) is left to the reader.
3 Drawing the function graph P(?) is left to the reader.
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If we replace relation (10) and (11) with relation (8), we get
AD?= 121 + 33,062f°
= Po = 154.06f

By comparing relations (7) and (12), one may notice that the area of
the circle is equal to the area of the square, i.e.

Po = Po.

Thus the Greek problem of squaring the circle has been proven
solvable by calculation.

(12)

Constuction of doubling the cube (hexahedron)

The problem of doubling the cube relates to the construction of the
edge of a second cube whose volume is double that of the first, using only
a compass and a straightedge.

Doubling of the cube using only a straightedge and a compass
is possible
Description of the construction to determine the edges of the cube:

On the arbitrary line p, we determine the points A and B so that the
length AB is equal to the edge of the given cube, i.e. AB = a in Fig. 4.

xll
A a 1B IC

/
A3
> M

? 7
4

Figure 4 — Proportion of the lengths AB and AC in the ratio 10000000 : 12599211
Puc. 4 — lNpornopuyuoHarsHocms druHbl ompeska AC u CB e om+oweHuu 10000000 : 12599211
Cnuka 4 — lNponopyuoHanHocm Oyxu AB u AC y odHocy 10000000 : 12599211
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We will construct an arbitrary ray Aq and determine the points M and
N on the ray so that the length AM = 107 arbitrary unit lengths, and the
length AN=12599211 arbitrary unit lengths, i.e.

AM : AN = 10": 12599211,

Let us construct the length BM. Then we construct a line s through the
point N parallel to the length BM. The intersection of the line s and the line
p is denoted by C. We will prove that the length AC is the edge of the
cube, whose volume is double that of the given cube.

Let AC equals x. The triangles ABM and ACN are similar because the
angle at the vertex A is common, and the angles at the vertices B and C
are as equal as angles with parallel arms in the same direction.

Based on the similarity of the triangles, the following proportion is true:

AB: AM =AC : AN (13)

by replacing AB = a and AC = x, AM = 10" and AN = 1.2599211 - 10’

in (13) we obtain:

a:10"=x:1.2599211 - 10", (14)
After having it shortened with 107 in relation (14), we get

a:1=x:1.2599211

it follows that
x =1.1599211 - a. (15)
The cubed equation (15)

x>=(1.2599211- a)°

x*=1.2599211° - a° (16)
x*=2-a°
If a®>=V1and x*= V2 (17)
V2=2- V1

Q.E.D. (Quod erat demonstrandum)

Constructions of doubling the cube in oblique projection using
a straightedge and a compass

Description of the construction:
Let us construct the right-angled trihedral Oxyz. (Fig. 5)
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Figure 5 — Oblique projection of a cube
Puc. 5 — HaknoHHasi npoekyusi Kyba
Cnuka 5 — Koca nipojekyuja kouyke

For the oblique picture to be more transparent (clearer), we will take
theangle a=30°% andg=1:2 (a=30° angle —yOx).

The ratio g = 1 : 2 represents the ratio of the length on the Ox-axis
and O-z-axes, i.e. if an arbitrary length on the Ox-axis equals 1, then the
length on the Oz-axis is twice longer (a is called a reduction angle, g is a
reduction ratio).

On the negative part of the z-axis we determine a point L so that the
length OL is equal to the edge of the cube in its true size (the length
AB = a in Fig. 4). Through the point L we construct the line n1
perpendicular to Ox and we denote their intersection by B (Fig. 5).

The point D is determined on the ray Oy so that the length OD is
equal to the edge of the given cube in Fig. 4 in its true size. The point A
coincides with the vertex of the trihedral. Then, we determine the point C
by constructing a parallelogram ABCD (it is the oblique picture of the lower
base of the given cube).

Through the points B, C and D we construct lines parallel to the
z-axis. On the z-axis and the parallel lines we determine the points
A1B1C1D1 so that AA1 = BB1 = CC1 = DD1 = a. Let us construct other
lengths where ABCDA1B1C1D1 presents an oblique picture of the given
cube.

In a similar way, we construct a cube so that its volume is double that
of the given cube, i.e. whose edge is x (it is the length AC in Fig. 4). On the
negative part of the z-axis in Fig. 5 we determine the point R so that the
length OR equals the edge of the cube x = AC in Fig. 4. Through the point
R we construct the line n2 perpendicular to the axis Ox and denote the
intersection with the Ox-axis by N. The point M coincides with the trihedral
vertex. The point Q is determined on the Oy axis so that MQ = x (in its true
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size). Let us construct a parallelogram MNPQ (it is the oblique picture of
the lower base of the new cube). Through the points N, P, Q in Fig. 5 we
construct lines parallel to the z-axis.

On the z-axis and all the parallel lines we construct the length x in its
true size by a compass and we determine the points M1, N1, P1 and Q1 so
that MM1=NN1=PP1=QQ1=x. (Fig. 4). The parallelogram M1N1P1Q1
represents the oblique picture of the upper base of the new cube, whereas
MNPQM1N1P1Q1 is the oblique picture of the new cube.

In this way, we have constructed the cube MNPQM1N1P1Q1 whose
volume is double that of the given cube ABCDA1B1C1D1.

Discussion: The above method has proven the solvability of doubling
the cube using only a straightedge and a compass. The problem always
has a solution, i.e. every cube can be doubled.

The construction of angle trisection

Angle trisection is related to dividing an arbitrary angle into three equal
parts in a constructive way using only a straightedge and a compass.

Dividing an angle into 3 equal parts does not seem to be a particular
problem. For instance, it is easy to construct one-third of the angles of 45°,
67° 30’, 90°, 135°, 180°, 202° 30’, 270°, 360°, etc. using a straightedge and
a compass. However, the general problem arises when an arbitrary angle
should be divided into three equal parts.

In order to solve this problem, we present some wellknown geometry
properties (axioms, theorems, definitions) which will be used here.

(1) Axiom on the measurement of angles: The degree measure of an
angle equals the sum of degree measures of the angle divided by an
arbitrary ray which passes through its arms.

(2) By convention, the rotation of an angle arm counter-clockwise is
called positive rotation, whereas negative rotation goes clockwise. Positive
rotation is denoted by R(O, a), negative by R(O, -a), where the point O is
the centre of rotation and the oriented angle a is the angle of rotation.

(3) The base angles of an isosceles triangle are always equal.

(4) The exterior angle of a triangle equals the sum of two interior
opposite non-adjacent angles.

(5) Vertically opposite angles are equal.

(6) Corresponding angles are equal in measure if and only if two
parallel lines are cut by a transversal.

(7) Alternate angles are equal in measure if and only if two parallel
lines are cut by a transversal.

(8) A circle is a centrally symmetric figure.

(9) A circle is an axially symmetric figure.

627

Rmus, V., Constructions of squaring the circle, doubling the cube and angle trisection, pp.617-640



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2017, Vol. 65, Issue 3

(10) The central angle (in a circle) is twice the size of the periphery
angle which lies over the same arc of the circle.

(11) Given the circle with the centre at the origin of Cartesian
coordinate system. Each chord constructed to be parallel to the coordinate
axis cuts equal circular arcs on the given circle.

(12) In mathematics, a unit circle is a circle with a radius of one.

(13) An angle bisector is a ray that divides an angle into two equal
angles.

(14) Each length can be divided into any (arbitrary) number of equal
parts.

Angle trisection using a straightedge and a compass is possible

Proof:
Given an acute angle with the vertex at point O and the arms p and g
(Fig. 6).

™\

o P

Figure 6 — Model of the angle pOq
Puc. 6 — Modenb yena pOq
Cnuka 6 — Moden yana pOq

Let us construct the Cartesian coordinate system xOy so that the
positive part of the x-axis corresponds to the arm p of the given angle
(marked as x = p). (Fig. 7)

y

Cc

Xwp

ah

-y

Figure 7 — Unit circle with with the centre at the origin of coordinate system
Puc. 7 — EQuHUYHasi OKpy>XHOCMb C UeHmMpPOM 8 Hadare cucmembl KOopOUHam
Cnuka 7 — JeOuHUYHa KpyxKHUUa ca UeHmpoM y KOOpOUHamMHOM roYemky
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Then we construct the circle k with the centre O and a radius that
equals one (in Figure 7 marked as k(O, 1)).

On the basis of property (12), this will hereinafter be referred to as the
unit circle.

The intersections of the unit circle k(O,1) with the x-axis and the y-axis
are denoted by A and B, and C and D, respectively.

The intersection of the unit circle k(O,1) and the arm q is denoted by
E (Fig. 7).

The problem arises when we want to divide the angle BOE into three
equal parts in a constructive way using only a straightedge and a
compass.

The first step is to divide the angle 8 = 22° 30’ into three equal parts.
On the unit circle, we construct the angle B by a 45-degree bisector (Fig. 8).

y
C
n
Q q
v g A\
A T 1B, §
_xR [04 N}\jl\fgp

D

Y
Figure 8 — Angle trisection B = 22° 30’
Puc. 8 — Tpucekyus yena 8 = 22° 30’
Cniuka 8 — Tpucekuyuja yana 8 = 22° 30’

Description of the construction:

Through the point E (Fig. 8) we draw a perpendicular n to the x-axis
and its intersection with the x-axis is denoted by F. Then, we divide the
length FE into three equal parts and denote the points by G and H (Fig. 9)*

* The division of the length FE has been constructed separately for the sake of clarity in
Figure 8.
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FGHE

3‘ it

Figure 9 — Division of the length FE for angle trisection of B = 22° 30’
Puc. 9 — [inuHa deneHusi ompe3ska FE no mpucekyuu yena 3 = 22° 30’
Cnuka 9 — lNodjena dyxu FE 3a mpucekuyujy yana 3= 22° 30’

From the x-axis, the set of points on the length FE is F-G-H-E
(Ostoji¢, 1980, p.164). Let us construct a line s passing through the point
G parallel to the x-axis and denote its intersections with the unit circle k in
the first quadrant by the point L and in the second quadrant by the point M.
(Fig.8) According to (11), the circular arcs AM and BL are equal on the unit
circle k(O, 1). Given ABOE = 3, and BOL = a, we will prove that

BOL=% <BOE, ie.

o= ? .

Based on (9), the point L is the symmetric point of M with respect to the
y-axis. Let the point M be the symmetric point of N with respect to the origin
of the Coordinate system based on (8) and the point L is the symmetric point
of N with respect to the x-axis based on property (9). Further, if the point L is
the symmetric point of R with respect to the origin, then the point M is the
symmetric point of R with respect to the x-axis (Fig. 8).

Based on the properties of the circle as an axially symmetric and
centrally symmetric figure, it follows that the circular arcs are equal, i.e.
BL = BN = AM = AR. Therefore, on the unit circle, the central angles which
lie over the equal circular arcs are equal. Based on (5), it follows that
<IBON = <“AOM = a and <sBOL = <4AOR = a.

Applying property (10), the central angle NOL is twice the size of the
periphery angle NML which lies over the arc of the circle NL, i.,e. ~ <4NML
= (2a) : 2 = a. Since the triangle OLM is an isosceles triangle (the base is
the chord ML), then according to (3) <<OLM = 4€OML = a.
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Let the symmetric point E with respect to the y-axis be Q (Fig. 8). The
circular arcs AQ and BE are equal in accordance with property (11). It was
pointed out that circular arcs AM and BL are equal. Accordingly, the
chords EQ and LM are parallel (marked as EQ || LM). Based on (7) <MEQ
= 4LME as alternate angles are equal and the line determined by M and E
is called transversal and it follows that <MEQ = <ILME = a.

Let us construct the length LQ. The chords ME and QL intersect at
the point S. OMSL quadrilateral is a rhombus. The diagonal ML of the
rhombus divides the angle OME into two equal parts. It follows that<dOME
= 2a. OME is an isosceles triangle and the angle OEM = 2aq.

The angle NOE is central, and <kNME peripheral over the same arc
NE. Based on (10) it follows that:

0+pB=2-20a = a+pB=4a

= B=3a
=a=2
3
Alternative proof:

The intersection of the arm q and the line s is determined by the point
T. According to (3), the triangle OEM is an isosceles triangle (the chord
ME is the base of the triangle), so thatdOME = 2a and <OEM = LTEM =
2a. The angle LME = 4TME =a (because the points L and T belong to the
line s).

The angle BOE = 4LTE = 3, as they are corresponding angles in
accordance with property (6). Further, based on (4), the external angle of
the triangle TME is equal to the sum of the two internal non-adjacent
angles, i.e.

<LTE = «4TEM + <TME

If we replace the angles with Greek letters (& LTE = 8, ATEM = 2q,
<4TME = a), we obtain

B=2a+aq,
B = 3aq,
a= P

3
Q.E.D

The angle trisection of 22° 30’ is a = 7° 30’, and thus the angle
trisection has been proven.

Angle trisection of 3 < 22° 30’
Proof: Given the acute angle S less than 22° 30’ in Fig.10.
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Description of the construction:

The procedure, denoting (marking) and proof of the angle trisection
less than 22° 30’ are completely the same as the procedure, denoting
(marking) and proof we explained when we constructed the angle
trisection of B = 22° 30’ (shown in Figs. 8 and 9). The construction of
B < 22° 30’ is shown in Figs. 10 and 11.

Ay
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% 04 S [[ .=
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Figure 10 — Angle trisection 3 < 22° 30’
Puc. 10 — Tpucekyus yena 3 < 22° 30’
Cnuka 10 —Tpucekyuja yena 3 < 22° 30’

FG HE

1

Figure 11 — Division of the length FE for the angle trisection of B < 22° 30’
Puc. 11 - [nuHa deneHusi ompeska FE no mpucekyuu yana 3 < 22° 30°
Cnuka 11 — lNodjena dyxu FE 3a mpucekyujy yena 3 < 22° 30’

Accordingly, if the acute angle pOq is given and if it belongs to the
first quadrant, then we compare it to the angle of 22° 30’. Every acute
angle may be: less than 22° 30, less than 45°, less than 67° 30’ and less
than 90°.
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We shall explain the angle trisection for all the abovementioned

cases:
a)

b)

d)

The trisection of an angle less than 22° 30’ has been described in
Figs. 10 and 11.

If the acute angle is less than 45°, then two angle trisections are
performed — of 22° 30’ and of less than 22° 30’, because the given
angle was divided into two parts by the ray. The angle of 22° 30’ is
constructed using the angle bisector of 45°. In accordance with
property 1, thirds of the circular arcs (which have been described in
Figs. 8, 9, 10 and 11) are summed up and as a whole they
represent the third of the angle.

If the acute angle is less than 67° 30’, then the angle is divided into
two angles: one angle of 45° and the other of less than 22° 30’ by
the ray. The angle trisection of 45° is performed first. The angle of
15° is obtained by constructing the angle bisector of 30°. The angle
of less than 22°30’ is divided (as described in Figs. 10 and 11). The
third of the circular arc of the angle of 45° and the third of the
circular arc less than 22° 30’ are added up and as a whole
represent the third of the given angle.

If the acute angle is less than 90°, then the angle is divided into one
angle of 67° 30’ and the other angle less than 22° 30’ by the ray.
Trisections of both angles are performed separately. The angle
trisection of 67° 30’ is simple as it is the angle of 22° 30’ and it is
obtained by the angle bisector of 45°. The third of the angle of less
than 22° 30’has been described in Figs. 10 and 11. The sum of
thirds of circular arcs, as a whole, is transferred to the circular arc of
the given angle (three times) and thus the division of the unit circle
into three equal parts has been performed, i.e. the trisection of an
arbitrary acute angle.

Arbitrary angle trisection

1. The acute angle trisection has been described.
2. Given the obtuse angle $'= 90° + B (the arm p coincides with the
positive part of the x-axis, and the arm q belongs to the second quadrant),

Fig. 12. Then,
ﬁ =30° + ﬁ
3 3
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Figure 12 — Arm q of B’ angle belongs to the second quadrant
Puc. 12 — Jlyy q yena B’ npuHadnexum emopomy keadpaHmy
Cnuka 12 — Kpak q yena B’ npunada Opyzom keaOpaHmy

Applying property (2) we perform a rotation of 8’ for the angle (-90°),
or R(O, -90°). Then the arm p = coincides with the negative part of the
y-axis and the arm g belongs to the first quadrant. A rotation of the points
A, B, C and D has also been performed. (Fig. 13)

-

Figure 13 — Potation of 8’ for the angle (-90°)
Puc. 13 — lNosopom yana 3’ Ha (-90°)
Cnuka 13 — Pomauyuja yana 3’ 3a (-90°)




After the rotation of B, the angle 8 becomes acute and its trisection
explained in the abovementioned cases for the acute angle can be applied
(see a, b, ¢, d in 3.2.). The third of circular arc 8 is added to the circular arc
of 30° on the unit circle (Fig.14).

,}!

Figure 14 — Angle trisection of B’ when the arm q belongs to the second quadrant
Puc. 14— Tpucekuyusi yena 3’ 8 criydae, ko20a nyd q yena 8’ npuHadnexum emopoMy keadpaHmy
Cnuka 14 — Tpucekyuja yena 3’ kala kpak q yana 3’ npunada dpyzom keadpaHmy

The angle BOE is divided into three equal parts by the dashed lines a
and b, and it follows <<BON = 4NOQ = 4QOE = "% The angle BOT
equals 30°. (Fig. 14)

The circular arc TN in Fig. 14 equals the circular arc CL in Fig. 13.
The sum of the circular arcs BT and TN is equal to the circular arc BN.

1
It follows that <k<BON = 34 BOE. (The construction has been

performed on the unit circle in Fig. 14).

3. If the angle pOq is less than 270°, i.e. if the arm q belongs to the
third quadrant, then we write down 8" =180° + 8 (Fig. 15). The rotation of
the angle B’ for the angle (-180°) is performed, i.e. R(O,-180°). Then the p
is congruent to the negative part of the x-axis, while the g belongs to the
first quadrant. The angle 8 as the acute angle belongs to the first quadrant.
(Fig. 16) The angle ¢ is straight. (Fig. 15)

Then,
ﬁ =60° + E
3 3
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It follows that the circular arc of 60° is added to the third of circular arc
of the acute angle .

s

Figure 15— Arm q of the 8’ angle belongs to the third quadrant
Puc. 15— Jlyy q yena B’ npuHadnexum mpembemMy kgadpaHmy
Cnuka 15 — Kpak q yena B’ npunada mpehem keadpaHmy

y
D =

gH q
L

X

-X=p

[

Figure 16 — Potation of B’ for the angle (-180°)
Puc. 16 — lNosopom yana 3’ Ha (-180°)
Cnuka 16 — Pomauuja yena 3’ 3a (-180°)
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-X b 0 x=p
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Figure 17 — Angle trisection of B’ when the arm q belongs to the third quadrant
Puc. 17 — Tpucekyusi yara 3’8 criydae, Koela riyd q yena 3’ npuHaoiexum mpembsemMy KeadpaHmy
Cnuka 17 — Tpucekuyuja yena 3’ kala kpak q yana B’ npunada mpehem keadpaHmy

The angle BOE is divided into three equal parts by the dashed lines a
and b (in Fig. 17). The circular arc TN in Fig. 17 equals the circular arc AL
in Fig.16.

The sum of the circular arc BT and the circular arc TN equals the

circular arc BN (on the unit circle), or <« BON = %4 BOE in Fig. 17 where

the angle BOT equals 60°.

4. Finally, if the angle pOgq is less than 360°, i.e. if the arm g belongs
to the fourth quadrant, 8= 270° + 8 (Fig. 18), then we perform a rotation of
the angle B’ for the angle of -270°, marked as R(O,-270°). The arm p
coincides with the positive part of the y-axis and the arm g belongs to the
first quadrant (in Fig. 19).
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Figure 18 — Arm q of the 8’ angle belongs to the fourth quadrant

Puc. 18 — Jlyuy q yena B’ npuHadnexum 4emeepmomy keadpaHmy
Cnuka 18 — Kpak q yana 3’ npunada 4yemepmom kgadpaHmy
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Figure 19 — Potation of B’ for the angle (-270°)
Puc. 19 — MNosopom yana B’Ha (-270°)
Cniuka 19 — Pomauuja yana 8’ 3a (-270°)

Since in this case ’% =00° + g the trisection of the acute angle 3
(which is situated in the first quadrant after the rotation of the angle 8’) is
constructed in the same way as that described of the trisection of acute
angles, then the third of the circular arc B8 is added to the circular arc
corresponding to the angle of 90° which belongs to the unit circle (Fig. 20).

Figure 17 — Angle trisection of 3’ when the arm q belongs to the fourth quadrant
Puc. 17— Tpucekyusi yena 3’8 criydae, ko20a sy q yena 3’ rpuHadrexum 4emesepimomy keadpaHmy
Cnuka 17 — Tpucekyuja yena B’ kala kpak q yana 3’ npunada yemepmom keadpaHmy

The angle BOE is divided into three equal parts by the dashed lines a
and b. (Fig. 20) The angle BOC equals 90°. The circular arc CN in Fig. 20
equals the circular arc DL in Fig. 19.

It follows that <t BON = % <4 BOE.
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Discussion: Applying the described method, the angle trisection can
be performed for every angle. The diameter of the unit circle has been
taken arbitrarily and cannot be changed while constructing without
changing the lengths of circle arcs. Depending on the size of the angle,
thirds of a circle arc less than 22° 30’ on the unit circle can be added to a
circle arc of 7° 30’, 15°, 22° 30’, 30°, 60° and 90°.
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KOHCTPYKUNN KBAOPATYPA KPYTA,
YOBOEHWE KYBA N TPUCEKLWA YTTIA

BecenuH M. Pmyw
CpepnHsia npodeccnoHanbHas wkona, r. bepaxe, YepHoropus

OBJIACTb: matemaTuka
BWO CTATbW: opurmHanbHas Hay4Has ctaTbs
A3bIK CTATbW: aHrnuinckmn

Pe3some:

lNocmpoeHue mpex Krmaccu4decKux aHmuyHbIX 3adad (keadpamypa Kpyea,
ydsoeHue Kyba u mpuceKyus yana), ¢ MoMOWbH JIUHEUKU U UUpKyris 00 cux
rop cHumaemcsi HepaspewumbiM. B OaHHOU cmamee rpedcmaesrieHbl
opueauHaribHble MemoObl MOCMPOEHUST  8bILUEYTOMSIHYMbIX 3a0ay,  4mo
npedcmaesrnisiem cobol UHHO8AUUOHHbLILU Modxod 6 eeomempuu. st
riocmpoeHusi keadpamypbl Kpyea U y08oeHUs Kyba Obina ucrosib3oeaHa
meopema @arieca 0 NPOrOPUUOHaIbHbIX OMpe3Kax, a MmMpUCeKyusi yana
OCHOBaHHasi Ha rnoeopome eOUHUYHO20 Kpy2a 8 OeKkapmoeoll cucmeme
KoopOuHam u akcuomax U3MepeHust yana.

LaHHble nocmpoeHust He npemeHAyrom Ha  CO30aHue MOYHbIX Yepmexxkel
Ha rpakmuke, makK Kak a/1aeHasi Hawa Uerib 3aKimo4aemcst 8 Haxoxo0eHuu
mMeopemu4yecKo20 PeweHUs, OCHOBaHHOZ0 Ha NOCMPOeHUU OaHHbIX ghuzyp
C [OMOWpBI0 NUHEUKU U UUPKYns, C Yy4emoM ripedrionoXeHus, 4mo
8bILLEYMTOMSIHYMbIe UHCMPYMEHMbI SIBIISIFOMCS COBEPLUEHHO MOYHBIMU.

Krrowesbie crioga: rnocmpoeHue, Keadpamypa Kpyaa, yo0eoeHue Kyba,
mpucekyusi yera, cucmema KoopOuHam, eOUHUYHBbIU Kpye, epalueHue,
MPOropyUsI.
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KOHCTPYKUWNJE KBAOPATYPE KPYT'A, YOBAJAHA KOLIKE
N TPUCEKUWJE YTTIA

BecenuH M. Pmywi
Cpeamsa cTpyyHa wkona, bepaxe, LipHa Nopa

OBNACT: maTematuka
BPCTA YJTAHKA: opurvMHanHm HayyYHu YnaHak
JE3MK YJTAHKA: eHrnecku

Caxemak:

KoHecmpykuyuje mpu knacudyHa epyka rnpobriema (kealpamypa Kpyea,
yOaeajarbe KOUKe U mpucekuuja yana), y3 ynompeby camo nerupa u
wecmapa, 0o OaHac ce cMampajy HepewusuM. Ljurb ogoe unaHka jecme
Oa ce opuzsuHariHUM Memodama objacHe KOHCMpyKuuje MOMEHYmuX
npobrnema, wmo rpedcmasrba HOBUHY y 2eoMempuju. 3a KOHCMPYKUUjy
kealOpamype Kpyaa u yosajar-e Kouyke kopuwheHa je Tanecosa meopema
O [rporiopyuoHanHUM OQyxuma, a 3a mpuceKkyujy yena pomauuja
JeOuHUYHe Kpy»KHUUe y rpasoyaromM KOOpOUHamHOM cucmemy U akcuome
0 Mjepery yena. KoHcmykuuje ce He OOHOCe Ha MPeyusHO Upmare
¢pueypa y npakcu, seh je Hamjepa da ce yrompebom rerupa u wecmapa
Hahe meopujcko pjewerse nod rnpemrocmaskoM 0Oa Cy MOMeHymu
UHCMPYMEeHMU CagpUWEHO NPeyuUsHuU.

Krby4He pujeyu: kKoHcmpykyuja, keadpamypa Kpyeaa, yoeajar-e KOUKe,
mpucekyuja yana, KOOpOUHamMHU cucmemM, jeOUHUYHa KpyXHuua,
pomauuja, nporopyuja.
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Summary:

In this paper we present a multi-criteria evaluation of several possible
approaches to organization of studies. A wider use of modern information
technology has led to major changes in traditional education. One of them
is the development of serious games in order to simulate real business
work environment.

The traditional passive education approach trains people for some narrow
procedures, and then evaluates them based on their memories of what they
have been told. Even when students have successfully mastered facts and
procedures, their behavior in real life situations remains uncertain. Games
are trying to solve this problem, motivate and promote learning. Their
interactive aspect leads to high involvement of participants in game
activities, so they no longer have the sole purpose of entertainment, but
become a serious learning tool. The possibility to provide entertainment and
educational component separates these games from classical, fun games.
Also, participants are not passive players. Their decisions and actions
directly affect the flow of the game, leading fo good or bad results.

To evaluate game application in classroom, a multicriteria analysis was
used. It was used for the assessment of possible study forms in order to
use benefits of information technology for modernizing and improving
teaching and learning processes. The evaluation was made by observing
four alternatives, as well as six criteria. The aim of this paper was to make
these applications more effective where needed and to indicate
apossibility to use them elsewhere.

Key words: multi-criteria analysis, criteria, weights of criteria, games,
simulation.
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Introduction

In the last decade of the previous century, and especially in its last
years, the implementation of modern information technologies and
methods led to changes in many areas of teaching.

It is generally known that the acceptance of new opportunities and
challenges is dominated and forefront by young people. Also, the truth was
that decision-makers were generally the elderly, so this possibility of using
new technologies did not immediately come to full expression in all places;
however, sooner or later, people accept things which make their work
efficient.

The paper analyzes the situation in education, in one possible
direction in particular - using information technology in teaching through
games and simulations which are already been successfully used (there
are other approaches to information technology applications, for example
(Miljkovic et al, 2016, pp.1009-1032).

The aim of this paper is to highlight the way how teaching using
information technology can be more efficient (where already implemented),
and to point to a wide range of possibilities for their application in the areas
where information technology has not been used yet.

Games and simulations

One of the first computer applications were games created for fun.
Since such games immediately became popular, first they were used for
mass sales of computers and for the implementation of higher classes of
computers.

With the Internet expansion, Internet games appeared. Many serious
software companies developed Internet games because some of them
gathered millions of active players worldwide. Some well-known Internet
games are, for example, World of Warcraft, League of Legends, World of
Tanks, Runescape, Perfect World, Starcraft, Counter Strike, etc.

Internet games were followed by various services for usage,
distribution, promotion, different kinds of protection, etc. This game
industry is still very successful today.

Software companies tried to take advantage of the phenomen on that
the games are massively accepted by the young and the old alike, and to
create games not aimed to be fun only, but also to have another function,
such as education. This, too, was successful. Designers of computer
games are creating highly motivating environments which players both
enjoy and learn in. The concept of gamefication (Shank, 2013) is
introduced. This term means using game elements and mechanisms in the
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activities which cannot be strictly classified as games in order to easily
master such activities, i.e. to master them in a form of a game.

The factors that encourage the application of games in education

should be noted:

- Motivation is more easily accomplished because the learning process
as well as the adoption of certain procedures is replaced with natural
acceptance of the rules for the operation of the game you want to
play. So it could be used for performance assessment.

- Higher levels of learning are more easily accomplished with different
levels of play, as opposed to classical learning where books are
usually given in one, possibly two, or very rarely on many levels.

- The desire to master as many levels of the game as possible makes
learning fun for students, so motivation comes spontaneously.

Good teachers tend to make their stories and performances
interesting for their students and to involve them in the topic. In the case of
games, participants are spontaneously and automatically involved,
because of the very nature of games.

Participants are not passive game players, but they influence the
game outcome by taking actions and making decisions (obviously, in
traditional learning, that it is not possible) (Bhasin, 2014).

In many situations where there is a risk of harm to health or material
goods, games can replace practice in the real environment and be a good
precursor to practice in the real environment.

Many authors have noted that games can teach effectively about
various types of risks, or about their minimization without "collateral
damage in the first operating performances" that occursin traditional
learning. This can be seen in more detail in papers (Ambroseet al, 2010),
(Holmes, Gardner, 2006), (Tonks, 2002, pp.177-194).

Games can prepare for unexpected (stochastic) situationsin the
working environment (Trybus, 2015), (Geuting, 2000), (Lunce, 2004, p.29).

Many authors dealt with an analysis of learning through play and
achieving results in real life simulations with an understanding of situations
in real life (Fink et al, 2014, pp.141-152), (Finkelstein et al, 2005, pp.1-8),
(Hunzeker, Harkness, 2014, pp.513-517), (Leger et al, 2011, pp.39-53),
(Prensky, 2001, p.128). All previous authors prefer this way of learning to
the traditional way.

The paper (Buck, 2013) recommends this method of learning in the
following fields: engineering, economics, medicine, marketing,
management, political science, international relations, foreign languages,
etc.
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Multi-criteria analysis of studies and learning

In this paper, a multi-criteria analysis (optimization) will be used for
the evaluation of possible study forms that seeks to take advantage of
information technology in order to modernize and improve teaching and
learning process.

Evaluation is carried out so as to observe four alternatives, but there
may be more of them.

ALTERNATIVES

As

Teaching is classical during the entire studies.

Ay Aluntil the last semester when the simulations course is introduced

A3:

A4:

CRITE

RI

and then in the form of games students are doing case studies. At
the end of the semester, the case studies are evaluated as a
graduation thesis.

Teaching is classical during the first half of studies. At the
beginning of the second half of studies, the course on simulations
is introduced where the basic principles and their applications are
taught. After this course, other subjects are also taught using
games (simulations). In the last semester, students use case
studies to work with simulations (games) and that is considered as
a graduation thesis.

Teaching is classical just at the beginning of the studies and in the
courses where it is more convenient. During the first course in the
subject of information technologies, students are introduced to the
basic concepts of simulations and games. In the cases where it is
possible to make a combination of classical teaching and
computer games, as a rule, the learning process is faster and
more efficient. In the last semester, simulations are used with case
studies to give students real life practice.

A

Assessment of achieved average results in learning

Rating of courses (advantage for organizers)

Assessment of the acceptability of studying modes for students
Assessment of the opportunities to integrate graduates in the
future business environment

Assessment of time required to achieve the desired results in
learning

Rating the proficiency of students to understand risks when
making decisions in the real environment and to minimize risks.
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It should be noted that more criteria can be applied; for example, the
following criterion could be added:

Assessment of the acceptability of modes of studying by potential
students.

This criterion would be very important for decision-making of the
management of higher education institutions regarding types of studying.
However, it was not taken into account here since the authors did nothave
adequate data.

It would also be possible to reduce the number of criteria, or togroup
some criteria which are overlapping (for example C4, and Cg), but we
believe they are better organizedin this way, and any overlapping of the
criteria is eliminated by the appropriate choice of the weight coefficients.

The evaluation matrix was created in cooperation with the
management of the Faculty of Health, Legal and Business Studies,
Singidunum University, which introduced this form of study within its study
programmes (A2 alternative), based on the results of the research carried
out among the students for which this form of teaching was introduced
(research performed by the teaching staff who teach business
simulations).

The weight coefficients of criteria were determined andthe evaluation
was carried out using a new method presented in the article (Miljkovic et
al, 2017). The control of the results was performed using some other
methods of multi-criteria analysis given in the literature (Nikoli¢, Borovic,
1996), (Radoji¢i¢, Zizovi¢, 1998) and the results are in a line with the
previous ones.

Table 1 — Criteria values by alternatives
Tabnuua 1 — SHayeHus anbmepHamue fno Kpumepusim
Tabena 1 — BpedHocmu anmepHamusa o Kpumepujymuma

¢ | ¢ | o lcl| ol c
4 | 6 9 | 5 [ 7 | 4 | 4
4, | 7 8 | 6 | 8 | 5 | 7
4, | 8 7 7 [ 8 |7 [ 7
4, 9 6 | 9 | 8 | 9 | 8

If we assume that all criteria are equally numerically important, and
that they occur in the following order

C—->C —>C->C —->C —>C

then
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1
Pr=Pr=Ps=Ps=Ps = Ps :g ’
and the order of the alternatives is
A, >4, —> A4, > 4.
If we assume that the most important criteria is C, and that the
complete sequence of criteria is

C,>(C—->C->C ->C->C,

and that the criteria C,, C,, C3, C4 Cs and Cs have the same numerical
value, for example,

P, =09, p=py=p,=ps=p,=0,02.
we get the following sequence of the alternatives
A >4 —> 4 —> A4,

It is interesting that the same arrangement is obtained if
P, 20.58333... and 0, = P; =P, = Ps = Ps. Also, it can be easy to get 4,
before other alternatives 0,5 < p, <0.58333..., then that 4, is ahead of
other alternatives for ©, <0,5 and £, =P =P, = Ps = Ps .

If we assume that the most important is one of the following criteria:
C or G, or G or G, then 4, is the best alternative.

In the event that the order of the criteria is C;, — C, — C,, and then
the rest of them, one can find a situation that 4, is the best alternative; for
example, for p, =06, p, =018, p, =0145, p; = p; = p, =0.025, the
order of the alternatives is
A —> A4 > A >4

Conclusion

To implement computer games in teaching, it is necessary to have
prepared teaching staff for this and appropriate software (games and
simulations) which, as a rule, must continuously improve. These
improvements should be made by teachers that already work on existing
courses in a "classical way". The advantages of this mode can be seen in
business situations, management case studies, in various fields where
randomized situations can happen, like in medicine, veterinary medicine,
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agriculture, etc. Also, they can be applied in many other significant fields
such as military education, especially for training reserve officers.
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MHOIOKPUTEPUANbHbIM AHAJIN3 BO3SMOXXHOCTEN
MPUMEHEHNA KOMIMBIOTEPHbBIX NP B NMPOLIECCE OBYYEHUA

Manuwa P. Xwxosu4y, KamapuHa I'. INne4yny

YHuBepcuteT CuHrMayHym, r. benrpag, ®akynbTeT ynpaBneHus
3[paBoxpaHeHueM, busHeca 1 lpUanYeCcKMX Hayk, r. Baneso, Pecny6nuka
Cepbus

OBJIACTb: matemaTuka
BWO CTATbW: opurmHansHas Hay4Has ctaTbs
A3bIK CTATbW: aHrnunckmn

Pe3swome:

B OQanHOU cmambe npedcmasrieH MHO20KpUmepuarbHbil aHanus
omoerbHbIX 803MOXHOCMeU M0 op2aHu3auyuu obpa3osameribHbIX
npoepamm 8 BY3-ax. Bcrnedcmeue  wWUpPOKO20  MPUMEHEHUS
COBPEMEHHbBIX  UHQOPMAUUOHHBIX — MmexHoroeul,  mpaduyuoHHas
obpasogamernbHasi cucmema mpebyem 6onbwux nepemeH. OOHOU
cocmaserisirouwel makux repeMeH siersiemcsi eHedpeHue crieyuarnsHO
pa3pabomaHHbIX KOMIMbIOMEPHbIX U2p, CUMYIUPYOUWUX peasibHyo
Oenosyto obcmaHoekKy. TpaduyuUoHHbIe raccusHble obpasosameribHbie
rpoepamMmbl cocpedomoYeHbl Ha OmOesibHbIE U Y3KO HarpaesieHHble
3HaHUSI, 8 KOHEYHOM Umoee, ucribimyemble npedcmassisiom 3ay4YeHHbIe
3HaHUs1, MpuobpemeHHbIeHa OCHOBaHUU ycCribliuiaHHo20. OOHaKo makoz0
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poda yceoeHue 3HaHul, Oaxe 8 criydae, Koeda OHU XOPOWO YC80EHbI, HE
rpedycmampusarom mo8edeHYeCKUX acreKkmos, KaKk camMozo yyaule2ocs,
mak u e2o 6ydyujux denosbix napmHepos. C nmomMouwibto ugp co3daemcs
owywieHuUe ydyacmusi 8 peasibHbIX CobbIMUSIX, OHU JTydlWie Momueupyom
yvyawuxcss  u  Oenarom  rfpouecc  obydeHue  UHMEPECHBIM.
UHmepakmusHbIl  ¢hakmop uep npusodum K 8bICOKOU cmerneHu
aHeaXupoeaHHOCMU  caMuX  y4acmHUKO8, Mpu  3mMoM  acriekm
paseriedeHuUss OCMENeHHO orlyckaemcs, Oeflasd uepy Cepbe3HbIM
UHCmMpymeHmom 8 ripouecce obyqeHus. Om 06bIYHbIX KOMIbIOMEPHbIX
uep dudakmuyeckue, 8 repsyto o4epedb, OMIUYaOMCs Uesbio, Komopasi
3aK/o4aemcsi 8 yC80eHUU 3HaHul. B makoeo poda dudakmuyecKux
KOMIMbIOMEPHbIX Ugpax, y4acmHUK 3aHUMaem akmueHyr Mo3uyuro, makx
Kak om e20 peweHull 3agucum pasgumue U Ucxo0 uegpabil.

Kniouesble crioga: MHO20KpumepuarsbHbIU — aHanus, Kpumepuu,
Kpumepuu CcroXxHocmu, ugpbl, MOOeuposaHue.

BUWEKPUTEPUJYMCKA OLIEHA MOIYRUX NMPUMEHA
PAYYHAPCKUX NTAPA'Y HACTABIN

Manuwa P. Xwxosuh, KamapuHa I'. [Nnehuh
YHuepanutetT CuHrnayHym beorpag, ®akynTteT 30paBCTBEHUX, MPABHUX U
NnocnoBHUx ctyauvja, Barseso, Penybnuka Cpbuja

OBJIACT: matematuka
BPCTA UJTIAHKA: opyrnHanHu Hay4Hu YnaHak
JE3WNK YJTAHKA: eHrnecku

Caxemak:

Y pady ce Odaje esuweKkpumepujymMcka oueHa HEeKOIUKo moayhux
npucmyna opeaaHusosary cmyoduja. Saxeasbyjyhu cee wupoj ynompebu
caspemMeHux  UHGOpMayuoHUX  MmexHosoauja, mpaduyuoHanHu
06pa3osHU cucmem cyodyasa ce ca 6eslUKUM rpomeHama. JeOHa 00 Hux
je u pa3eoj 036urbHUX u2apa Koje cumysupajy pad peasiHux rocsio8HUX
OKpyXXetba.

TpaduuyuoHanHu, nacusHu rpucmyrn obpasosary obyyasa Hac 3a Heke
ycke npoyedype, a 3amumM epuuu esasyauujy Ha ocHogy Hawiee cehar-a
Ha OHO WMo HaMm je pedyeHo. Yak u kala cMmoO ycriewHO caemnadasu
YurbeHuue U rnpouedype, Hawe roHaware y pasumM XUSOMHUM
cumyayujama  ocmaje HerpoeepeHo. Uepe noKywaeajy Oa peuwe
npobniem, mMomusuwly U npPoMosuwy y4yerse. Hbuxo8 UHMepakmueHU
acriekm 00800u 00 BUCOKE yK/bydeHOCMU caMux YydecHuka y
aKmueHoOCmU uepe, ra OHe sulle Hemajy cepxy UCK/by4ueo 3abase seh
rnocmajy o3burbaH anam 3a yveme. OO0 KracuyHux 3abasHux uezapa
odeaja ux npgeHcmeeHo dpyea4uju Uusb, mj. Mmo2yhHocm Oa ce y4eCHUKy
uespe, noped 3abaese, npyxu U edykamueHa KomrioHeHma. Takohe,
YYEeCHUK Huje nacusHU uzpad eeh ceojum odrykama U rocmynuyuma
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OUPEKMHO MOXe ymuuamu Ha MoK uepe, dosodehu 0o dAobpux umnu
nowux pesynmama.

KrbyyHe peydu: suwekpumepujyMcka aHanusa, Kpumepujymu, mexuHa
Kpumepujyma, uspe, cumynauyuje.
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Abstract:

Cross-axial or transverse sensitivity of an accelerometer can be
compensated by digital processing of the output signal. To perform this, it
is necessary to determine coefficients that describe a sensor’s response
to excitation experimentally. Many procedures advised by standards and
scientific papers use expensive equipment which is not available in every
laboratory. Therefore, a simple method is proposed, namely a variation of
the static tilt test, requiring no other measuring equipment than the sensor
itself and a flat surface. Results vary depending on sensor surface and
housing quality, but it has been shown that cross sensitivity effects can be
reduced from several percent usually associated with commercial three-
axial MEMS accelerometers down to 1% or less.

Key words: accelerometers, digital signal processing, acceleration,
sensitivity, transverse, sensors, MEMS.
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Introduction

There are various imperfections influencing accelerometer
performances. They are mainly non-linearity (including hysteresis), cross-
axial (also referred to as transverse) sensitivity, and dynamic
characteristics (primarily bandwidth limitations). Additionally, all of them
are subject to temperature fluctuations and aging (Lawrence, 2001).
However, some of these effects can be examined experimentally and
digital processing can be used to improve the quality of acquired data
subsequently.

Transverse sensitivity of three-axial accelerometers is caused mainly
by misalignment of their axes, which inevitably occurs in the process of
manufacture (Liu, et al, 2009, pp.196-200). Things get worse with
miniaturization. While new-generation micro-electro-mechanical (MEMS)
accelerometers are more practical than classical ones in many ways,
especially in terms of low power consumption (necessary for battery-
powered systems), small proof masses and electrodes are more difficult to
align properly. Therefore, commercial MEMS accelerometers exhibit
higher cross-axial sensitivities, typically equal to several percent (Sysoeva,
2006, pp.28-39).

Theoretical analysis

A simple method for calibration of accelerometers, for both main axis
sensitivity and cross-axial sensitivity, which can be performed in any
laboratory, is a so-called tilt test (VTI Technologies, 2005). An
accelerometer is placed into six perpendicular positions where g acts in
the directions of +x, -x, +y, -y, +z and -z (shown in Fig. 1), and the output is
analyzed. Cross-axial sensitivities are defined as follows:

2 2 [ 2 2 | 2 2
c. +c¢ c..+cC co +c
X Xz yx vz zx zy
r="+*—>= r=Yr_= qp=3X= = (1)
Cox cyy Cz

where T, is the cross-axial sensitivity for the axis i (x, y or z), and ¢; are
the coefficients from:

2@ i) | L

Figure 1 — Tilt test basic positions
Puc. 1 — OcHo8Hble MosoxeHus mecmuposaHusi cmamu4HO20 yaria HakioHa
Cnuka 1 — OcHosHe no3uyuje munm-mecma
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fx :cxxax +cxyay +CXZaZ +kx
fy=cpa,+c,a,+ca, +k, (2)
f.=cpa,+ca, +ca, ik,

describing the influence of the j axis excitation on the j axis output f. The
coefficients labeled k; denote zero offsets (outputs for zero excitation).
The cross-axial sensitivity T; is a parameter describing the quality of a
sensor (the manufacturer usually specifies its maximum value), but its
numerical value alone cannot be used for software correction (signal
processing). To do that, it is necessary to determine all ¢; and k;
coefficients.

The system of three equations with three variables is solved and the
inverse equations read:

(f k )(C ! zz yz zy)+(fy k )(cxz zy cxyczz)+(f k )( xy yz cxzcyy)
Cxx(cyy zz" yz zy)+cyx(crz zy” xy zz)+czx(c'cy vz~ xz yy)

_ ik )eyeeameynca) + (fyky e + (R )(6C ity )

cxy(cyz zx” yx zz)+cyy(cxx 227Cxz zx)+czy(cxz yx” Crx yz)

(f k )(ny zy” yy zx)+(fy k )(ny zx” xx zy)+(f k )(Cxx o xy yx)
O B (e '

3)

cxz(cyx zy” yy zx)+cyz(cxy x Cox zy xx yy xy yx)

Twenty-four position tilt test

(s4

Figure 2 — Rotation of the accelerometer
Puc. 2 — [Nosopom akcenepomempa
Cnuka 2 — Pomauyuja akuenepomempa

If there is a small angle a between the actual gravitational field
orientation and the three-axial accelerometer main axis, the transverse
axes are exposed to gravitational accelerations in the order of g-sin(a).
This function has large variations around zero thus preventing us from
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obtaining reliable coefficients of cross-axial sensitivity by a straightforward
tilt test. Let us observe a transverse axis, perpendicular to the main one
that is inclined by a small angle a to the vertical (as depicted in Fig. 2). The
angle between this axis and the horizontal plane varies in the -a to +a
range depending on the angle of rotation around the main axis 8 so that:

tgp =tga cos [,
counting B from the highest inclination point. It can be approximated by:
pracospf,

provided that a is small. Taking N arbitrary values of 8 which differ by
AB=2n/N (i.e. uniformly distributed points on the circle), the
corresponding average sin(g¢) and cos(¢) become zero. The
accelerometer rotation thus cancels the main axial sensitivity of each
transverse axis to the lateral component g-sin(¢p), but not the intrinsic
cross-axial sensitivity, the existence of which contributes to the output
signal.

A customary method of accelerometer cross-axial sensitivity
calibration is placing the sensor into two opposite static positions in each of
six basic planes and averaging the output (Sill, Seller, 2006, p.3). This is
equivalent to the described rotation with N=2 and AB=n. A disadvantage
of any static tilt test is the inability to place the sensor into repeatable
positions with good relative orthogonality, due to the flexibility of the
housing and the plastic board the sensor is attached to, and the
unevenness of the surface and the housing (which is prone to non-elastic
deformations over time). Another calibration method is to create variations
in one axis output of the accelerometer by rotating it in the perpendicular
plane, thus exposing it to inertial acceleration in two transverse directions,
and then record and process these variations (Dosch, 2000), (Veldman,
2012, pp.254-262). A disadvantage of dynamic methods is the need for
complex equipment, not available in every laboratory.

Although the proposed 24-position tilt test (N=4, AB=m/2) seems very
similar to the 12-position test (N=2, AB=m), four rotation positions are
better not only because there is more data to average. The operator can
keep track of the values and repeat the experiment if they do not follow the
symmetry rule, which is easily visualized. Four arbitrary angles differing by
90° should produce output equal to f;+k-cos(B), fo-k-sin(B), fo-k-cos(B), and
fork-sin(B), where f, is the mean value, and k is a constant depending on a
and cross-axial sensitivity. In other words, multiple symmetry must be
observed. The mean value from positions 1 and 3 must match the mean
value from positions 2 and 4 (to an achievable degree of precision); the
difference between positions 1 and 2 must match the difference between
positions 3 and 4; etc. Otherwise, the measurement has to be repeated.
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This kind of control cannot be implemented if only two positions per plane
are used.

The test has been discussed and performed experimentally with
three-axial accelerometers. It could also be conducted with two-axial
accelerometers although their smaller cross sensitivity makes it less
convenient. Single axis accelerometers have cross sensitivity too low for
this method to be feasible in most cases.

Experiments

The experiments were performed using a wireless sensor device
designed primarily for vibrations measurements in civil engineering
(Malovic¢ et al, 2013, pp.19-26). It is made in surface mount technology and
features LIS3LV02DL 3-axial 12-bit digital MEMS accelerometer, with up
to 3.5% cross-axial sensitivity according to manufacturer’s specification.

Figure 3 — Sensor device in its plastic housing
Puc. 3 - Ycmpolicmeo 8 nnacmukogom Kopriyce
Cnuka 3 — CeH3opcku ypehaj y nnacmuyHom Kyhuwmy

The range and frequency are programmable. Since the excitation in
the tilt test ranges within tg, the shortest range of £2g was used, as well
as the lowest sampling frequency of 40 Hz, for the lowest noise. The
accelerometer chip is embedded into a small plastic board and attached to
the housing (shown in Fig. 3), separately from the main board. Three
pieces were tested by moving the entire housing manually on an ordinary
surface such as an office desk. No measuring equipment other than the
sensor itself was used.

The devices were programmed to perform series of hundreds of
measurements and average the result for each position. Data was
acquired by a radio modem (a display could have been attached to serve
the same purpose). It is important in an experiment of this type to make
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sure that the accelerometer is allowed minimum freedom of movement in
the reference frame of the housing. The accelerometer boards were firmly
attached by bolts embedded into the housings.

Table 1 — Experimental results on three different surfaces
Tabnuya 1 — SkcriepumeHmarnbHble pesynbmambl 10 mpeM pasnuyHbIM MO8EePXHOCMAM
Tabena 1 — Pe3ynmamu ekcriepuMeHama Ha mpu pasfudume nodnoze

X1 Y1 Z1 X2 Y2 Z2 X3 | Y3 Z3
- -2.12 [+3.16 [+0.59 [+4.68 |-0.12 [-21.69 [-19.57 [-10.34 [+18.02
f(z) [+1.05 |-0.99* |+0.18 |+1.92 |-0.30 |-21.86 |-20.61 [-10.15 |+18.82
-1.52 |+4.30 |+1.38 [+1.34 |+1.68 [-21.44|-19.53 |-9.28 |+18.60
-32.16 |-18.46 [2069.1|+9.35 |+4.20 |2067.7/-9.69 |+7.36*[2071.4
Af(z)|-31.65 | -15.85 [2070.1| +12.64|+5.72 |2069.0(-9.95 |+3.75 [2071.6
-31.30 |-15.20 | 2069.4|+10.20|+3.37 |2068.6|-8.59 |+1.38 |2071.4
B -3.56 [+4.66 |+2.79 [+0.16 |[+10.45|-18.54 [-20.31 [-17.40 |+20.85
f(y) [+1.26 |+4.71 |+2.23 |+7.01%|+9.66 |-20.05 |-19.30 |-17.59 | +24.46
-8.48 |+4.60 |+3.67 |-4.69 |+10.19|-18.37 |-26.39 |-17.55 | +20.79
+27.76|2057.7| +25.75| +64.44| 2043.8| +5.11 |+38.53|2044.9(/+10.23
Af(y) | +38.07(2057.2|+21.64| +69.99|2043.8|-3.05 |+38.59|2045.1|-7.47*
+30.44|2057.2|+10.35| +64.13|2044.3|-5.84 | +49.52|2045.0|+2.63
_ +4.36 [-2.30 [-5.37 [-2.13 |-5.54 |[-26.61|-18.91 [-16.12[+12.50
f(x) |+4.45 |-2.44 |-6.13 |-1.18 |+0.18 |-24.56 |-19.06 |-8.70* |+15.08
+4.64 |-1.66 |-4.16 |-1.80 |-4.51 |-24.30|-19.02 |-15.43 |+15.26
2031.9(+3.65 |[+3.36 |2029.7|-30.31 |-40.75 [2017.0(-7.00 |[-17.98
Af(x) [2030.0|+5.01 |+3.83 |2031.2|-16.01 |-50.19 |2017.6|+8.48 |-22.59
2031.2|+10.29| +18.86|2030.5| -28.56 | -25.47* 2016.5|-3.55 |-3.53

The preliminary experiments with the ordinary tilt test in just six
positions yielded poor results. Variations of 1% g or more occurred
commonly, implying that transverse sensitivity already below 3.5% cannot
be compensated significantly. The results of three 24-position
experiments, expressed in raw quanta (the digital output of the chip; 1024
quanta correspond to g nominally) are presented in Table 1. They were
performed on a metal surface, a wooden surface, and a slightly sloped
wooden surface (1.5°), to show that a small slope does not influence the
results significantly. For clarity reasons, the results from different
experiments are displayed in different rows inside the same table cells.
The f(i) represents the average output of the channel i from +g and -g
excitation in the j direction. This would be zero offset if we suppose that the
transfer function is linear. The Af(i) denotes the difference between the two
outputs. It should be divided by 2g to obtain the coefficients ¢; from
equations (1)-(3). The column headers show the excitation axis j and the
sensor serial number. The sign was omitted for the main axial sensitivities
related numbers (i=j) which are always positive and have a nominal value
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of 2048 quanta. The result labeled with an asterisk has the highest
deviation from the average for that row. The maximum deviations between
the experiments were pointed out this way.

The housing sides are very different, as we can see in Fig. 3. The z
side (in the x-y plane), on which the housing is laid in Fig. 3, is relatively
flat and large. This causes the z-excitation-related coefficients to be most
reliable (these coefficients feature in the x and y cross-axial sensitivity).
The antenna on the y side can be detached when the housing is laid on
that side or the housing can simply hang over the edge of the surface (the
device center of mass is still above the contact surface). However, the total
surface of this side is smaller, causing the results to be of lower quality (the
same unevennesses cause larger orientation changes). Finally, the
switches on the front, x side, make the device unable to stand on two
supports so it must be hung over the surface edge, only this time the mass
center is off, and the operator must hold the device manually. Therefore,
the worst results are obtained for the y-direction-related coefficients. The
housings were the prototypes used intensively for about two years before
these experiments took place, so it is reasonable to suppose that better
results could be achieved with newer equipment.

It can be concluded that for the z (most suitable surface of the
housing) excitation coefficients, the maximum deviation from the mean
value from all experiments is about 3 quanta (one quantum equals
approximately 10° g), or 0.3%. For the y excitation coefficients, the
maximum deviation from the mean value is about 9 quanta (0.9%), and for
the worst case, the x excitation coefficients, the maximum deviation is
about 13 quanta (1.3%).

The highest measured cross-axial sensitivity is 3.3% (for the x-axis of
sensor 2) so we can conclude that this fits the manufacturer’s specification
(up to 3.5%).

Non-linearity analysis

According to the manufacturer’'s specification, the accelerometer has
the maximum non-linearity of 3% full scale. This sheds some doubts on
the validity of the model described by equations (2)-(3), without prior
examination of the transfer function of the accelerometer main axis. These
equations describe a simple linear transfer function. The experiments
(Table 1) have shown that the average value of the output 7, which should
ideally (assuming no non-linearity) always be equivalent to zero offset k;
(regardless of the excitation axis), varies by several per mille g in most
cases (as a function of the excitation axis). For small output changes (4) in
case of excitation in transverse directions, we can state that f£(i)
corresponds to the coefficient k; from equations (2) relatively accurately.
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While a good match between two transverse axes’ f values indicates that
an experiment was conducted well, a match between these and the main
axis f implies low non-linearity inside the applied range. Only one of nine
cases (Y2 in Table 1) features a deviation higher than 1%, so we can
conclude that typical non-linearity in the middle of the range (tg is one half
of the programmable range used in the experiments, but one sixth of the
maximum range of £6q) is significantly lower than the one declared for the
whole range. To study the non-linearity effects further, experiments with
more precise equipment are required.

Conclusion

The experiments with the 24-position tilt test have shown that it can
produce much more repeatable results than the tests with 6 or 12
positions, primarily because of the ability of the operator to control
experimental results quality (repeat measurements if necessary). It can be
concluded that it is possible to achieve certain degree of precision in cross-
axial sensitivity calibration of MEMS accelerometers embedded into plastic
housings without any external equipment. Theoretically, it is possible to
reduce the maximum cross-axial sensitivity to several parts per thousand.
Practical results depend on mechanical parameters (stiffness and
evenness of the base surface and the sensor housing, and the quality of
accelerometer embedment) as well as the quality of the accelerometer
(primarily non-linearity).

Like all electronic components, accelerometers age too, so this type
of calibration needs to be performed at least on a yearly basis to maintain
its level of accuracy.
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KOMMEHCALIMS MOMEPEYHOW YYBCTBUTENBHOCTM MAOMC
AKCENEPOMETPOB C NMOMOLLbHO TECTUPOBAHUS
CTATWYHOIO YIMA HAKITIOHA, MPOBEJEHHOIO B 24-EX
NO3ULIMAX

Muodpaz 3. Manosuy®, flunsHa M. BpaI7IOBVIH6, Tomucnag B. llekapa®

@ YuusepcuTeT B Benrpage, ®akynbTeT TEXHONOTMN U MeTanmnyprum,
VIHHOBaLMOHHLIN LEeHTP, I. Benrpaa, Pecnybnuka Cepbus

6 YuusepcuteT B benrpage, CtpouTtenbHbi akyneTeT, Kadenpa
MaTeMaTuKkn, hM3UKN N HavepTaTenbHon reomeTpuu, . benrpag,
Pecnybnuka Cepbus

® Yuusepcutet B benrpage, ®akynbTeT aNeKTPOTEXHUKH,
Kadbegpa curHanos n cucrem, r. benrpag, Pecnybnuka Cepbus

OBNACTb: anekTpoHuka
BWO CTATbW: opurmHanbHasa HayyYHas ctaTbsl
A3bIK CTATbW: aHrnuinckmn

Pe3some:

Kpocc-ocesasi unu ronepedHasi 4yecmeumeslbHoOCMb akcesiepomMempa
Moxem Obimb KOMMeHcuposaHa Uughposoli obpabomkoli 8bIXO0HO20
cueHana. lNpu amom HeobxoO0uMO 3KcriepuMeHmarbHO orpedesniume
KoaghgbuyueHms! peakyuu Oamyuka Ha cueHan. [ns nposedeHusi
Mo0o6HbLIX Meporpusmut, 8 Ccoomeemcmeuu C pPeKoMeHOauusIMu
cmarOGapmoe u Hay4HbIXx cmamed, npumeHsiemcsi docmamo4Ho dopozoe
obopydosaHue, Komopoe He ece nabopamopuu moaym cebe no38osumes.
B daHHoU ces3u npedcmasneH npocmol arbmepHamueHbiti Memood,
pasHOBUOHOCMb  MECMUPOBaHUsT CMAamuU4YHO20 Yyera Hak/ioHa, He
mpebyrowull HUKaKux usmepumersbHbIX rpubopos, Kpome OGam4yuka u
nnockol nosepxHocmu.Hecmompst Ha Mo, YmMo pe3yribmamel 3a4acmyto
3a8ucsam om KaJecmea rosepxHocmu U Kopriyca damyuka, Ha npakmuke
bb1710 JOKa3aHO, YMO 3HaYeHUs MoNepPeYHoU YyecmeumerisHoCcmu rpu
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maxkoM memode 3Ha4YuMesibHO CHUXEHbl (8 HECKObKO pas), u 4mo
murnuy4Hasi rioriepeyHass dyecmeumesibHocmb mpexocesoeo MOMC
akceriepoMempa C HECKOJIbKUX MPOoUeHmMo8 docmuaia 3HaYeHUsT HUXe
1%.

Knwyesble cnosa:  akcenepomempsl, uugposasi obpabomka
CUeHasios, YCKOpeHue, 4YyscmeumeslbHOCMb, rornepeyYHasl, dam4yuku,
MBMC.
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OBJIACT: enekTpoHuka
BPCTA YJTAHKA: opurvMHanHm HayyYHu YnaHak
JESNK YJTAHKA: eHrnecku

Caxemak:

Kpoc-akcujanHa, 00HOCHO MonpeYyHa ocemsbugocm akuyesiepomMempa
MOXe bumu KomreH3oeaHa OuaumarHuM MpoyecupareM Uu3a3Hoe
cueHana. [a 6u ce mo u3eesio, NompebHO je eKcrepuMeHmarsrHo
o0pedumu KoeghuyujeHme Koju onucyjy 002080p ceH3opa Ha rnobydy.
MHoze npouedype Koje ce 0OHOCe Ha moO, a Koje Cy rperopyvyeHe
cmaHOapduma U Hay4YHUM 4YiaHyuma, Kopucme CKyry orpeMy Koja
Huje OocmyrnHa y ceaKkoj nabopamopuju. 3amo je npednoxeH
JjedHocmaeaH anmepHamugHuU Memod, eapujaluja cmamuykoa musnam-
mecma, Koju He 3axmesa HuKakgy Opyay MepHy OfpemMy OCUM
CeH3opa u pasHe nospuwuHe. Pesynmamu eapupajy y 3asucHocmu 00
Keanumema rnospwuHe u Kyhuwma ceH3opa, anu je nokasaHo 0a ce
ehekmu ronpevyHe ocemsbugocmu Mo2y cmarkumu bap HEKOIUKO
rnyma, me 0a ce murnuy4Ha rorpe4yHa 0Cemsbugocm KoMmepuyujarnHux
mpoocHux MEMC akuenepomemapa 00 HEKOJIUKO ripoueHama MOoxe
Jniako ceecmu ucriod 1%.

KbyuHe pe4du: akuenepomempu, OuaumasiHa obpada cueHarna,
ybp3arme, ocemsbugocm, nonpeyHa, ceHzopu, MEMC.

Paper received on / Jata nonyyeHus pabotbl / atym npujema ynaxka: 07.02.2017.
Manuscript corrections submitted on / lata nony4eHus ucnpaeneHHo Bepcumn paboThbl /
Jatym goctaBrbana ncnpasku pykonuca: 17.03.2017.

660




Paper accepted for publishing on / [lata okoH4YaTenbHOro cornacoBaHus pabotsl / latym
KOHa4HOr nNpuxeaTana YnaHka 3a objasrbmeane: 19.03.2017.

© 2017 The Authors. Published by Vojnotehnicki glasnik / Military Technical Courier
(www.vtg.mod.gov.rs, BTr.mo.ynp.cp6). This article is an open access article distributed under the
terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/rs/).

© 2017 AsTopbl. OnybnukoBaHo B «BoeHHo-TexHu4eckmin BecTHuk / Vojnotehnicki glasnik / Military
Technical Courier» (www.vtg.mod.gov.rs, BTr.mMo0.ynp.cpb). [laHHas ctaTbsi B OTKPbITOM OCTYNE U
pacnpocTpaHsieTcsi B COOTBETCTBUM C nuueH3nen «Creative Commons»
(http://creativecommons.org/licenses/by/3.0/rs/).

© 2017 Aytopu. O6jaBuo BojHoTexHuukm rnacHuk / Vojnotehnicki glasnik / Military Technical Courier

(www.vtg.mod.gov.rs, BTr.mo0.ynp.cp6). OBo je unaHak OTBOpeHor Npuctyna n aguctpudyupa ce y
cknapgy ca Creative Commons licencom (http://creativecommons.org/licenses/by/3.0/rs/).

661

Malovi¢, M. et al, Twenty-four position tilt test for accelerometer cross-axial sensitivity compensation, pp.651-661



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2017, Vol. 65, Issue 3

PROPERTIES OF THE COATING
DEPOSITED WITH THE DIFFUSION
OF MO&O, OXIDIZED POWDER
USING THE APS PROCESS

Mihailo R. Mrdak

Research and Development Center IMTEL Communications a.d.,
Belgrade, Republic of Serbia,

e-mail: miki@insimtel.com,

ORCID iD: @http://orcid.org/0000-0003-3983-1605

http://dx.doi.org/10.5937/vojtehg65-11966

FIELD: Chemical Technology
ARTICLE TYPE: Original Scientific Paper
ARTICLE LANGUAGE: English

Summary:

Powder Mo&O, has an important role in the production of coatings with
increased resistance to slide in conditions without the use of lubricants.
Mo&O, coatings have the low coefficient of friction and good abrasion
characteristics in mechanical stresses. For the purpose of producing
coatings of high hardness, Mo&O, powder is plasma deposited with
optimal parameters. The surface shape of oxide powder patrticles and
the coating fracture surface are analysed by SEM, and the
microstructure of layers is examined by light microscopy. The coating
microstructure consists of Mo lamellae and MoO3z; and MoO, primary
oxide thin films, which surround the Mo lamellae. The analysis of the
obtained results showed that the Mo&O, coating layers with the diffusion
oxidized Mo particles have such a structure and mechanical
characteristics which enable its application in working tools under the
conditions of wear and sliding friction without lubricants.

Keywords: particles, friction, deposits, property, powders, oxidizers,
microstructures, lubrication, coatings.
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Introduction

The Mo&O, coating resistance to wear depends on the oxygen
content and the applied kind of technological process of coating
production (Mrdak, et al, 2005, pp.235-239), (Salhi, et al, 2005, pp.145-
150). Molybdenum powders containing oxygen Mo&O, can attain high
hardness values. The content of oxygen in the plasma spray coating
essentially depends on the applied gases and applied power devices.
After the production of Mo&O, coatings, the layers have sufficient
concentration of oxygen which gives to oxides high hardness the values
of which exceed 1000HV. Thus deposited coatings can increase fatigue
strength to friction up to 120% in working tool surfaces, thus preventing
loss of the material by friction. The friction that always occurs between
two movable contact surfaces causes damage such as friction wear and
friction fatigue. There are many research papers relating to the
mechanisms of friction wear and friction fatigue. Modes of friction are
standardized and used to study the behavior of different materials
regarding the mechanism of friction wear (Vencl, et al, 2011, pp.1281-
1288), (Mrdak, 2016a, pp.411-430), (Mrdak, 2016b, pp.949-965). By
microscopic examinations, the authors (Chen, et al, 2007, pp.2132-
2138), (Yonggqing, et al, 2000, pp.231-245) found that Mo lamellae and
MoO, and MoO; primary oxides from powder are present in the Mo&O,
coating. Oxides are present in the form of thin films that surround Mo
lamellae. The MoO, oxide phase increases hardness but also brittleness
which negatively affects the cohesive strength of lamellae (Modi, Calla,
2001, pp.480-486). The best structure is found in coatings where oxide
films are continuously arranged along the coating and act as a lubricant
while preventing metal contact and maintain a low coefficient of friction.
The crystal structure of MoO, is monoclinic while a-MoO3; and B-MoO;
oxides are of orthorhombic and monoclinic structures (Jullien, et al,
1995, p.235). Tests of the Mo&O, coating to wear determined that MoO,
oxide in the coating reduces the coefficient of friction under 0:15, and
MoO; oxide to the values in the range of 0.1 to 0.12 which is quite stable
(Lyo, et al, 2003, pp.413-421), (Solak, et al, 2003, pp.713-719), (Suszko,
et al, 2005, pp.319-324).

The aim of the study was to use atmospheric plasma for depositing
Mo&O, powder particles which will form hard slide-resistant coating
layers. The paper analyzes the mechanical properties of micro hardness
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and the tensile bond strength as well as the microstructure on a light
microscope and the morphology of powder particles and the coating
fracture surface on the SEM. The analyses of the layers confirm the
good mechanical and structural characteristics of Mo&O, coatings, which
make them reliable in conditions of sliding friction without lubrication.

Materials and experimental details

The Mo&O, powder used in the experiment had an oxygen content
of 3% made by the Amperite program arising from the HCST production.
Figure 1 (SEM) shows the powder particles of sharp and rounded edges,
with a range of grains of 5 - 45 um.

pm
e - .J,

Figure 1 — (SEM) surface shape of Mo&O, powder particles
Puc. 1 - (SEM) UzobpaxeHue nogepxHocmu Y4acmuy nopowka Mo&O;
Cnuka 1 — (SEM) O6nuk nospwuHe yecmuuya npaxa Mo&O;

The substrate for deposited coatings was made of steel (X15Cr13
EN10027) according to the standard (Turbojet Engine, 2002).
Microhardness was tested using the method of HV, 3 with five reading
values at the left end of the sample (A) in the middle (B) and at the right
end (C) of the sample. The paper presents min. and max. HV, 3 values.
The bond strength testing was done on five samples by tensile testing at
room temperature, and the average values are shown in the paper. The
shape of the surface of powder particles and the coating fracture surface
were analyzed by SEM.The microstructures of coating layers were
analyzed with light microscope and the quantitative analysis of the
average pore content in layers was carried out.

Mo&O, powder was deposited at atmospheric pressure by a SG-
100 plasma gun with the use of a mixture of Ar and He gases and power
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up to 40kW. The Mo&O, powder disposition parameters are shown in
Table 1. The coating was deposited in a thickness from 0.45 to 0.48 mm.
Table 1 — Powder deposition parameters

Tabnuua 1 — MNapamempbl HanblEHUS MopowKa
Tabena 1 — lNapamempu deno3uyuje npaxa

Deposition parameters Values
Plasma current, | (A) 600
Plasma Voltage, U (V) 31
Primary plasma gas flow rate, Ar (I/min) 48
Secondary plasma gas flow rate, He (I/min) 12
Carrier gas flow rate, Ar (I/min) 4.5
Powder feed rate (g/min) 35
Stand-off distance (mm) 100

Results and discussion

Figure 2 shows the values of the Mo&O, coating microhardness. At
the left end of the sample, the coating microhardness was in the range of
968 - 1260HV, 3, with the average value of 1114HV,3, the point (A). In
the middle of the sample, microhardness is in the range of 972 - 1334
HV,3 with an average value of 1153HV, 3, the point (B). At the point (C)
which was located at the right end of the sample, microhardness covers
the range of 934-1310 HVO0 ; with an average value of 1122HV 3.

The microhardness values were consistent with the oxygen content
in the powder and with the primary oxide content in the coating. The
microhardness values are quite high in comparison to conventional Mo
coatings. Since oxides are present in the coating, the coating
microhardness mean values are fairly uniform at all measuring points.
This is the first indication that the oxide distribution in the coating layers
is uniform (homogeneous). The coating had a mean value of the
adhesion strength of 38MPa with a fracture mechanism at the substrate /
coating interface.
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Figure 2 — The microhardness of the Mo&O2 coating, the measurement positions
Puc. 2 — Mukpomeepdocmb riokpbimusi Mo&O2 6 moykax uamepeHusi
Cnuka 2 — Mukpomepdohe nipesnake Mo&O2 Ha nosuyujama mepera

Figure 3 shows the microstructure of the plasma spray Mo&O,
coating recorded on a light microscope. At the substrate / coating
interface, there are not any abnormalities that would reduce the impact
on the coating adhesion strength. Light Mo lamellae are seen and
between them dark and thin films of primary oxides are precipitated. At
the inter-lamellar boundaries, there are black micro pores smaller than
10pm with a medium content in the coating of up to 3%.

"‘; '.l ‘-?‘T'l ..'_' LS . :_' .': v:}‘;" .-H""'- l.A':"' eI
Substrate Interface

Figure 3 — Microstructure of Mo&O; coatings
Puc. 3 — Mukpocmpykmypa Mo&O; nokpbimusi
Cnuka 3 — Mukpocmpykmypa Mo&O, npesnake
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Figure 4 shows the microstructure of Mo&O, coatings at a higher
magnification for the purpose of analysing the microstructure more
clearly. The structure is the same as in Figure 3, except that dark oxide
films can be more clearly noticed and that there are precipitates in the
structure as a product of collisions of drops of molten powder particles
with the substrate. There are neither cracks nor unmolten particles which
could reduce the cohesive strength and coating resistance to friction
fatigue. The coating primary phase is Mo with a centered cubic lattice in
which are present the phases of MoO, oxide with the monoclinic lattice
and MoOj; oxide with the orthorhombic and monoclinic lattice (Chen, et
al, 2007, pp.2132-2138), (Yongqing, et al, 2000, pp.231-245).

Figure 4 — Microstructure of Mo&O; coatings
Puc. 4 — Mukpocmpykmypa Mo&O; nokpbimusi
Cnuka 4 — Mukpocmpykmypa Mo&O. npeesnake

Figure 5 shows the Mo&O, coating surface recorded by electron
microscope (SEM).

Puc. 5 — (SEM) nosepxHocmb Mo&O; rnokpeimusi
Cnuka 5 — (SEM) nospwura Mo&O- npeenake
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On the surface it is possible to see two flattened disc-shaped
particles, created by the collision of drops of molten powder particles with
the substrate and by their subsequent cooling to the surface
temperature. These discs are separated by red lines. This kind of
deformation of liquid droplets in a collision with the substrate and
solidification is an indicator of good inter-lamellar cohesive strength. On
the formed discs, there are visibly noticeable micro cracks caused by the
solidification of liquid drops. They cannot gather since the substrate was
exposed to spreading due to the increase in temperature caused by the
amount of heat carried liquid drops and transferred to the substrate. At
the interface between the discs (lamellae), there are black micro-pores of
less than 10um in diameter. Micro pores of irregular shapes are
highlighted in yellow. Fine deposits on the surface of the discs and the
discs boundaries are marked in green.

Figure 6 shows the surface of an Mo& O, coating fracture recorded
on the SEM. Thin lamellae with clearly distinguished interfaces can be
seen on the coating fracture. The morphologies of micro pores and
precipitates are also clearly visible.

Figure 6 — SEM fracture of the Mo&O; coating surface
Puc. 6 — (SEM) lNoepexxdeHHasi nosepxHocms rnokpsimusi Mo&O;
Cnuka 6 — (SEM) nospwuHa noma ripesnake Mo&O2

The initial micro cracks occur in places with the highest stress.
These places are interlamellar pores and interlamelar boundaries. Under
the action of fracture forces on the substrate surface, initial micro cracks
spread rapidly into macro cracks propagating vertically from the
substrate surface through lamellae and micro pores up to the coating
surface. The fracture shows clearly Mo lamellae with columnar grains
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directed normally to the metal substrate. Columnar metal grains originate
from and are formed on the surfaces of the previously deposited drops of
melted particles cooled to the temperature of the substrate with
deposited layers (Vardelle, et al, 1994, pp.50-58). The fracture image
shows precipitates and micro pores smaller than 10 ym. The coating
fracture is brittle due to present oxides.

Conclusion

The paper presents the results of the analysis of the atmospheric
plasma spray deposited Mo&O, coating with a thickness from 0.45 to
0.48 mm. Based on the analysis of the layers, the following conclusions
have been derived.

The Mo&O, coating had a high average value of microhardness
1114 to 1153HV,; and the adhesive bond strength of 38MPa due to the
presence of oxide phases in the structure. The tensile testing showed the
adhesive fracture mechanism.

The structure of the Mo&O, coating is lamellar, consisting of Mo
lamellae and thin films of MoO, and MoO; primary oxides between the
Mo lamellae. Among the Mo lamellae, there are micro pores of irregular
shape up to 3%, and precipitates of less than 10um in size.

With its mechanical and structural characteristics, the Mo&O,
coating can significantly increase the resistance of working surfaces
exposed to dry sliding friction, which is what they are intended for.
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CBOWCTBA MOKPbITUA, HAHECEHHOI O JN®®Y3NOHHBIM
OKCWOHbIM MNMOPOLLUKOM MO&O, METOOOM APS

Muxauno P. Mpaak
LleHTtp nccnepgosanun n passutusa A.O. « MMTEJT koMMyHuKaummy, T.
Benrpag, Pecnybnuka Cepbus

OBJIACTb: xumn4yeckme TexHonormm
B[O CTATbW: opuruHansHas Hay4Has ctaTbsl
A3bIK CTATbW: aHrnuiickuin

Pe3some:

lpumeHeHue nopowka Mo&O, uspaem eaxHyr ponb 8 npouecce
HaHeCeHUS1 NMOKPbIMUSI C NMO8bILUEHHOU YCMOUYUBOCMbIO K CKOIbXEHUIO
8 beccma3zouHbix ycriosusix. lNokpbimus Mo&O, obnadarom HU3KUM
KoaghchuyueHmom hpuKkyuUu U 6bICOKUM rpedesioM fpoyYHocmu rpu
MexaHU4YeCcKOM HarpskeHuu. B uensx docmuxeHusi Haubosbwel
npo4YHocmu  MoKpbimusi, ropowok Mo&O, HaHocumcss Memodom
M1asMeHHO20 HarbIIeHUs, C y4emoM OnmuMarsibHbIX apamempos.
XapakmepucmuKku COCMOSIHUSI  [T0BEPXHOCMU  Yacmul, OKCUOHOZ0
ropowka U rnosepxHocmu Uu3fioMa MOoKpbIMusi ycmaHoeneHs! SEM
memodomM. A MUKpocmpyKkmypa C/l0e8 HaHEeCEHHO20 [OKPbIMUS
ucrisimaHa MemoOoM ceemosoll Mukpockornuu. Mukpocmpykmypa
rMoKpbImusi cocmoum u3 namesneld Mo u moHKUX OKCUOHbIX MPOCIIOeK
MoO, u MoOs eokpys nameneld Mo. AHanu3 nony4YeHHbIX
pesynbmamos 0okasasn, 4mo crnou  rnokpbimus Mo&O, ¢
Ougbpy3UOHHBIMU ~ OKCUOHbIMU ~ 4Yacmuuamu Mo  obnadarom
CMpyKmypoU U MexaHU4ecKUMU XapakmepucmuKamu, Mo380srowumu
HaHeceHuUe 0aHHO20 MOKPhIMUS Ha NogepxHocmu paboyux y4acmkos 8
YCII08USIX U3HOCA U CKOMbXXeHUSsT npu 6eccMa30yHOM mpeHUU.

Knouesble criosa: uyacmuubl, mpeHue, HaHeceHue, cgolicmea,
TMOPOWIOK, OKCUOENTIO,DI:I, MUKPOCMPYKMyphbl, CMa3kKa, rnokKpbimue.

CBOJCTBA MNPEBJAKE OEMOHOBAHE AN®Y3NOHO
OKCMONPAHUM NMPAXOM MO&O, NMPUMEHOM APS MNMPOLIECA

Muxauno P. Mpaak
VcTpaxusayku n passojHu ueHtap UMTEJST komyHukaumje a. 4., beorpag,
Penybnuka Cpbuja

OBJIACT: xemujcke TexHomnoruje
BPCTA YJ1IAHKA: opuruHanHun Hay4YHu YnaHak
JESNK YJTAHKA: eHrnecku

Caxemak:

lMpax Mo&O, uma 3HayajHy yrozy y npou3soOHU npeenaka ca
rosuweHoM omropHowhy Ha kKnu3arbe y ycrosuma 6e3 npumMeHe
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ma3suea. [llpesnake Mo&O, umajy manu koegpuyujeHm cppukyuje u
0obpe kapakmepucmuke Ha xabaH-e rnpu MexaHU4YKUM Haripe3arbuma.
Padu npoussodw-e npeenaka eucoke mepdohe, npax Mo&O, je
OerioHosaH rnasmom ca onmumarHum rnapamempuma.
Kapakmepusayuja obrnuka nospuiuHe Yecmuua OKCUOHO2 npaxa u
rnospuwiuHe rnpesioma rpeenake u3lgedeHa je memodom SEM, a
MUKpOCMpyKmypa criojeea MPUMEHOM C8EeMIIOCHE MUKPOCKOMUje.
Mukpocmpykmypa npesenake cacmoju ce 00 namerna Mo u maHKux
gunmosa rpumapHux okcuda MoO, u MoQOg3 koje okpyxyjy namesne Mo.
Ananusa dobujeHux pesynmama roka3ana je Oa criojesu rpesriake
Mo&O, ca OugpysuoHo okcudupaHum 4Hecmuyama Mo umajy
CMPYKmMypy U MexaHU4YKe Kapakmepucmuke Koje omoz2yhyjy HeHy
rpumeHy Ha rnospwuHama paldHux Oenosa y ycrosuma xabarma U
Krusarba mper-em 6e3 masuea.

KrbyuHe pedqu: yecmuue, mpere, 0erno3umu, ceojcmea, npax,
oKkcudamopu, MUKpocmpykmype, noomasugare, rnpeessakxe.
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Summary:

The paper presents many years of experience related to the activities of
technical maintenance of mechanical and electrical plants. It shows the
analysis of the cause of many malfunctions, faults, failures and system
failures that occur in mini hydropower plants. Systems of mini hydropower
plants are discussed in terms of improving the technical maintenance by
functional units: turbine regulator with turbine, mechanical assemblies
(multiplier and flywheel), flexible couplings that connect plant assemblies,
electrical circuits, lubrication systems, automation and high-voltage
installations. Below is a brief overview of the application possibilities of
technical diagnostics i.e. of a monitoring system in mini hydropower
plants.

Key words: technical maintenance, mini hydropower plants, faults,
malfunctions, system failures, bearings, flexible couplings, mechanical
assemblies, electrical circuits.

Introduction

The paper presents many years of experience in the
technical maintenance of rotating mechanical and electrical
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installations. The causes of many malfunctions, faults, operation
failures and system failures are assessed from the scientific point
of view while contributing to the improvement of technical
maintenance systems used for mini hydropower plants, which are of
particular importance for the production of electric power. Mini
hydropower plants are included in the power grid system with other
power systems: thermal and hydropower plants. The maintenance
of machinery, equipment and complex technical systems in terms of
necessary investments during their service life is directly connected
with the ways of defining and achieving the desired efficiency
(reliability, certainty and benefits for maintenance) in the design
phase as well as during operation. A well-chosen concept of
maintenance with a proper organization, programming and
realization of certain maintenance activities as well as with a good
level of personnel training and provided maintenance has a
significant impact on increasing the production of electric power,
reduction of maintenance costs, fewer faults, failures in operation
and system failures. The period of exploitation of systems is longer.
Maintenance of a technical system during its operational cycle
unites a series of accompanying activities, starting from the idea
and the definition of the concept of assessment of its cost-
effectiveness, implementation, and operation, to the end of the
plant exploitation.

An indispensable part of the plant operation cycle represents
revitalization, reconstruction and modernization of technical
systems or the process life cycle extension with an additional
technical and technological, economic and environmental
acceptability. Due to its structure, this process is extremely
complex and is often compared with the implementation of new
technical installations. The process of planning and implementing
the revitalization and exploitation of the plant itself within the
framework of the considered system is implemented with the aim of
achieving a high level of operational safety, including the definition
and detection of possible sources of uncertainty. The measures for
removing and mitigating their effects must be defined and the
criterion mostly used is the economic criterion (Milovanovi¢, 2014).

The processes of technical maintenance (intermediate
overhaul, general revision and general system overhaul) are
directly connected to the extension of the service life of mechanical
and electrical installations. This systematic and comprehensive
process applied in mini hydropower plants is an inevitable and
logical process in the plant operational life.
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Mini hydropower plants systems

The benefits of constructing mini hydropower plants (MHPs), (in

Serbian: MHE - mini hidro elektrane) in comparison to the construction of
other energy sources are numerous:

- In comparison to large hydropower plants (LHPs), there is neither
flooding of large areas (in order to provide space for water
accumulation) nor disruptions of local ecological systems,

- they can provide land irrigation and water supply for surrounding
communities, construction of ponds and flood protection,

- they reduce investments for the electrification of remote settlements
from the general power grid and the electrification of these rural
settlements contributes to their development,

- they have low-cost exploitation,

- their operational life is very long, practically unlimited; their average
life is 30 years, although there are MHPs already working for 80
years.

In the literature there is different information on how to define mini
hydropower plants. There are virtually no two countries with an
identical system division. The basic parameters to be used in the
classification of MHPs are (Zegarac, 2016):

Installed power of hydro units:

- Type of aggregate in relation to the turbine, and the method of
operation,

- the number of revolutions per minute (rpm),

- Operation in relation to the overall energy system,

- Installed head, etc.

Depending on their power, plants can be divided into micro-power

plants up to 100 KW, mini power plants up to 1 MW and small or medium-
sized power plants up to 10 MW. Also, in accordance with the available
head and power, they can be divided as outlined in Table 1.

Table 1 — Types of mini - hydro plants
Tabnuua 1 — Budbl MuHuU-2udpoanekmpocmaHyut
Tabena 1 — Bpcme muHu xudpoenekmpaHa

Zegarac, N., improving technical maintenance of systems of mini hydropower plants - analysis of causes of malfunctions, faults, failures and system failures, pp.673-702

Type Power Head (m) Head (m) Head (m)

HPPs (KW) small middle large
Micro HPPs to 50 below 15 15-50 over 50
Mini HPPs 50-500 below 20 20-100 over 100
Small HPPs 500-5000 below 25 over 130
Type HPPs | Power(kw) | PRI | TEREIY | M
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The division of MHPs depending on available head is accepted
in most countries that define their equipment in accordance with that
criterion. So, for example, a number of manufacturers of electro-
mechanical equipment in the United States produce standardized
hydro generators including a turbine, a synchronous generator with
an automatic control system, inlet valves, the control panel for the
maximum head of 15 m and a power of 10 to 5000 KW. MHPs are
further divided:

a) Depending on the procedure:
- Flow with a side intake from the main river,
- with a reservoir dam, with daily, weekly, annual or perennial
smoothing

b) Depending on the flow regulation:
- MHPs with an adjustable flow controlled at the turbine inlet
(manual or automatic control)
- with a constant flow rate, either because of the actual nature
of the load or due to the removal of excess energy,

c) Depending on the grid and operation mode:
- Isolated HPs-independent operation,
- Plants connected to the grid-parallel operation,
- Power plants operating under the regime of on-off
- Plants with one, two or more units,
- Plants that operate if necessary, depending on
consumption,

d) Depending on the installed capacity of hydropower :
- Pocket hydro electric power plants to 20 KW,
- Small HPPs from 0.5 to 1 MW,
- Small hydro power plants from 1 to 3 MW

Medium HPPs from 3 to 10 MW,

- Large HPPs over 10 MW.

At the request of purchasers, we mostly performed technical
maintenance (emergency, intermediate overhaul, general revision
and general overhaul of power plants) of systems of mini hydropower
plants in the Electrical Industry of Montenegro (EPCG). The general
scheme of such mini hydropower plants is shown in Figure 1
(Zegarac, 2016):
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Frotection belttransmission Protection fywheel
Measuring paint
Measuting noint
o 5 5 Measuring point
A — A

Measuring point

Frotective fence

A - Generator, B - Flywheel with flexible couplings type Flender series ARPEX K430,
C - multiplier with a Flender flexible coupling type N-EUPEX, D - turbine,

E - Turbine regulator with a belt drive, 1,2 - Generator bearings,

3,4 - Flywheel bearings, 5,6 - Bearings of the output shaft of the multiplier,

7,8 - Bearings of the drive shaft of the multiplier, 9,10 - Bearings of the turbine
controller

Figure 1 — Scheme of the plant and the measurement points of a mini hydropower plant
PucyHok 1 — Cxema ycmaHOBKU U mOYeK U3MepeHUst Ha ycmaHosKkax MuHuU-r'aC
Cniuka 1 — lllema nocmpojersa u MepHUX Mecma Ha rocmpojerby MUHU-XxudpoenekmpaHe

Technical maintenance of the HP plant
element: turbine with a controller

In the system of the Electrical Industry of Montenegro, mini
hydroelectric power plants of different capacity were installed many years
ago. At the locations of Podgor and Rijeka Crnojevi¢a, where there is a
large flow rate and a low head, 4 vertical hydro units were installed. The
power of each power unit is 1.2 MW with Kaplan turbine systems. The
bearings power system was realized with 3 sliding bearings. One type is
plain bearing — combined radial-axial bearing (turbine bearing) while the
other two bearings are radial plain bearings (Figure 2).
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Figure 2 — Kaplan turbine
PucyHok 2 — TypbuHbi! KannaHa
Cniuka 2 — KannaHoea mypbuHa

Horizontal mini hydropower plants were installed at other locations. At
the locations with high head, mini hydropower plants from 60 to 450 Kw
were installed. These mini hydropower plants do not have a toothed gear
drive for power and torque (multiplier). The hydroelectric power plant
power is realized through high head. Torque is transmitted directly to the
plant generator. At these sites, Pelton turbines (Figure 3) or Francis
turbines (Figure 4) are installed. Flow is controlled by adjusting wicket
gates (yellow on a Francis turbine).

Figure 3 — Pelton turbine Figure 4 — Francis turbine
Puc. 3 — KoBwwosble TypbuHbl MNenToHa Puc. 4 — TypbuHbl ®peHcuca
Cnuka 3 — NenmoHosa mypbuHa Cnuka 4 — ®paHuyucosa mypbuHa
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At the locations with a low head of water but a higher output at mini
hydropower plants, gear drives of power and torque (multipliers) are built in to
increase the speed (n) of the turbine rotation from n=450 - 500 (min™) to
n=1500 ((min™"), (frequency of the city grid f = 50 Hz). In this way,
hydroelectric power can be increased up to 600 kW. The turbine part is an
Ossenberg turbine with an associated turbine controller. The flow of water into
the turbine pipe can be horizontal or vertical (Figure 5a). The flow of water is
horizontal in the mini hydroelectric systems of the EPCG (Figure 5a).

harizental inflow vertical inflow

Figure 5 — Ossenberg turbine
Pucyrok 5 — OcceHbepe mypbuHbI
Cnuka 5 — Ossenberg mypbure

During system exploitation, there are malfunctions in the turbine
controller. The adjustment of turbine controllers is performed only by
authorized institutions and licensed technical staff. These tasks are
regularly performed by the Turbo Institute, Ljubljana (Slovenia) and the
Lola Institute, Belgrade. In the 1960s, there was a tragic accident at a
location in a mini hydropower plant. There was an uncontrolled rotation
speed and the flywheel was ejected from its housting, causing the death of
a person standing by. The turbine control is shown in Figure 6 (Tehnicka
dokumentacija za elektro hidrauli¢ni regulator tipa EHR-80 za male
hidroelektrane, 1968). Electromagnetic valves have a very important
function of opening and closing the water flow. Some well-known
manufacturers of electromagnetic valves are: DDR ORSTA Hydraulic,
East Germany and Prva Petoletka, Trstenik, Serbia.
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Figure 6 — Electro hydraulic controller type EHR-80 for MHPs
PucyHok 6 — Snekmpoaudpasnudeckut peaynsmop SP-80 dnst MuHu F'9C
Cnuka 6 — EnekmpoxudpaynuyHu peaynamop mun EHR-80 sa MHE

The turbine controller has a belt transmission which should be
particularly taken into account during maintenance. Only original belts of
the same length should be used, since there are more belts on the same
pulley. Belts are in the form of tapes - flat belts. To be able to perform
installation, the ends of belts are connected with special couplings.
Improvisation in connecting the belts is not allowed (Tehnicka
dokumentacija firme Flender, 1975), (Tehni¢ka dokumentacija za MHE,
1980).

During the operation of hydropower plants, the turbine rotors are
damaged, especially at places of higher flows of water and higher
hydropower. Various types of damage and pitting occur on turbine blades.
Common wear includes cavitations, fatigue fractures and abrasion due to
solid particles in water. Steel parts are repaired by welding. When repair
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is not possible, a new part is made. Specialized manufacturers are
Turbo Institute, Ljubljana, Litostroj, Slovenia and Lola Institute, Belgrade.

For example, Lola Institute in Belgrade has made a very successful
design and production of the generator for the MHP "Seljasnica” near
Prijepolje (Razvoj, projektovanje i proizvodnja radnog kola Peltonove
turbine, 2010). The maintenance of the bearings in the turbine system will
be described in more detail in the next chapter.

Maintenance of mechanical assemblies in mini
hydropower plants

Very important assemblies in the system are mini hydropower plant
mechanical assemblies: gearbox and flywheel with its bearings. Multipliers
used to be designed as single-gear assemblies. The transmission ratio
ranges from i =n; / n, <1, where n; =450 to 500 (min™) - speed turbine -
driveshaft multipliers, n,=1500 (min™) - speed output shaft multipliers. The
gears are cylindrical with inclined teeth. The module of a gear tooth ranges
from m= 6 to 8 mm. The tooth inclination angle is usually =12 °. Drive
and output shafts are in the horizontal plane of the multiplier assembly.
During the regular exploitation of hydropower plants, another problem is
an uncontrolled flow of groundwater. In a season when there is a large
flow of water in the plant, water spills from the supply channel; in addition,
there is a large influx of rain water and all that water goes underground
beneath the MHP facility. Besides, another big problem is caused by
branches and floating wood carried by flow to the inlet channel of
hydropower plants. Since this is a karst terrain, this leads to subsidence
and cracking of the concrete foundations of power plant assemblies.
Multipliers are especially sensitive, since they rely on a small surface of
the foundation. Their weight is over 500 kg. During operation, there are
large shock loads in the transmission of energy. These phenomena lead to
the damage of multipliers, gear teeth, casings of the drive and output
shafts, and flexible couplings that connect other assemblies of hydropower
plants. Figure 7a shows the damage to the flexible coupling type Flender
ARPEX K430 series, which is a kinematic connection to the flywheel. The
periphery of the flange is distorted. Figure 7b shows the damage on the
flexible coupling type Flender N-EUPEX series A 480, which is a kinematic
connection to the turbine. Figure 7c shows the damage to the pinion -
broken teeth. Figure 7d shows the damage to the seals and the assembly
side cover. These phenomena occurred at all sites after 6 years of
operation of hydropower plants. At these locations, gears and damaged
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parts were replaced several times (Vujkovié, Zegarac, 2012) (Vujkovi¢,
Zegarac, 2013). A new multiplier from the German manufacturer Siemens-
Flender was purchased last time for one location since a replacement of
the damaged parts was not possible.

Figure 7 — Damaged parts of the muiltiplier of a hydropower plant
PucyHok 7 — M13obpaxeHue nospex0eHHbIx Oemarnel mynbmuriiukamopa [3C
Cniuka 7 — MNpuka3 owmeheHux 0erioga Mynmuriiukamopa xudpoesieKkmpaHe

Civil engineering professionals perform the recovery of the multiplier
foundations. At the base, there are threaded sleeves into which six
M30x3x100 screws are fixed thus securing the assembly to the foundation.
It happens that, during accidents, the heads of these screws break off.
During the dismantling of the multiplier from the foundation for replacing
damaged parts or for installing a new assembly, it is important to align the

682



assembly in the 3-D system compared to other assemblies. The alignment
is done using laser technology (Easy-Laser). The device manufacturer is
the company Damalini AB of Sweden. Below the assembly there are metal
sheets of various sizes (Figure 8). If this job is not done properly, system
breakage can occur again.

TMAS 360

Figure 8 — Set of special metal plates for multiplier adjustement
PucyHok 8 — Komrinekm onopHbIX nnacmuH 01151 peayniuposku My ibmuriiukamopa
Cnuka 8 — Cem cneyujanHux noOnoxHUX 1UMosa 3a ueHmpauujy Mysmurnsiukamopa

Figure 9a shows the flywheel with its bearings (cases of rolling
bearings and flywheel carriers). The function of the flywheel is to perform
dynamic stabilization of the system operation and to eliminate undesirable
vibrations that occur due to changes in dynamic processes at different
speeds. Due to its inertia when changing the speed of rotation, the
flywheel accepts or releases excess energy.

During operation, permanent deformations of the flywheel shaft
sleeves (distortion) may occur as well as their excessive wear during
improper disassembly (so-called cold dismantling is very bad) of flexible
coupling flanges which are rigidly mounted on the sleeves (element
overlapping) and secured with wedges. Damage to the flywheel can be
caused by improper disassembly of the flywheel shaft. Figure 9b presents
a broken flywheel ear, left screw - view from above. For these reasons,
professionals should use a device for dismantling and assembling parts of
assemblies difficult to detach in mechanical and electrical plants.

In the process of replacing roller bearings on the flywheel, it is very
important to align the flywheel in the 3-D system compared to other
assemblies. Otherwise, system failures occur. The technical maintenance
of flywheel bearings will be described in the chapter Maintenance of plant
bearings.
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Flywheel GD =284 kgm®

Pedestal
fiywheel

a) b)
Figure 9 — Flywheel of a hydroelectric plant and its bearings

PucyHok 9 — Maxosuk N'OC u e2o nodwunHuK
Cnuka 9 — 3amajay, xudpoeriekmpaHe U He2080 yrnexuwmere

Technical maintenance of electrical circuits, automation and high-
voltage systems of a hydroelectric plant

The vital electrical circuit is the plant generator. At the locations of
MHPs of the EPCG, generators of Uljanik, Pula and Rade Koncar, Zagreb
are installed. Only in one location there was a need to rewind the
generator stator, although the systems had been installed during the
1960s. At many locations there was a need to replace rolling bearings of
the generator rotor.

Technical maintenance of automation and high voltage installations
requires the engagement of experts in the field. Hydropower plant system
failures occurred due to the failures of automation during operation. Hydro
systems are connected to the main power grid. Automation failures caused
a "crash” between hydropower plant high voltage and main power grid
voltage. In these cases, fractures and severe damage to the rotating
assemblies occurred. Fractures occur on the parts of the flexible couplings
on the rotating system. In addition, damage on other parts of the machine
and electrical circuits is inflicted. Earlier construction of hydropower plants
provided that fractures occured at the weakest points in the system. In this
case, prevention is obligatory, components that can cause this type of
failure must be controlled and replaced if necessary. In contemporary
structures of power plants, other protection systems are provided.
Additional protective features are incorporated into the automation.

684



Technical maintenance of mini hydropower
plant bearings

The rotation system of mini hydro power plants comprises: a turbine
with its shaft in the bearings, rotating parts of toothed gear multiplier- drive
shaft and its bearings, output shaft and its bearings and a gear pair, which
is a flywheel mounted via its shaft on roller bearings, generator rotor and
its bearings, as well as various types of flexible couplings that connect the
power assemblies. The flexible coupling type depends on the type and
power of a plant.

The turbine shaft is built in the turbine casing on 2-row barrel self-
adjustable bearings with conical bushings, Figure 10a. In most cases,
bearings SKF 22218 CK + H 318 or SKF 22230 CK + H 3130, with normal
internal clearance are fitted. The C-designation indicates the performance
of the bearing, the mark K denotes a taper-bearing 1:12. The bearings are
lubricated with the prescribed type of grease. When replacing a bearing, its
correct installation is very important. These tasks are performed by highly
skilled staff (SKF Priru¢nik za odrzavanje lezaja, 1998). A particular
attention should be paid to the inner radial bearing clearance, Figure 10b.
The internal clearance is changed by tightening the nut using a tapered
sleeve. The gap sizes shown in Table 2 should be achieved. It is strictly
necessary to take into account the engraved markings on the bearings.
The inner bearing clearance, C class, is marked as follows:

C1 - internal gap is less than C2,

C2 - internal gap smaller than normal,

C3 - internal gap larger than normal,

C4 - internal gap larger than C3,

C5 - internal gap larger than C4.

It is important to know the size of the cone of the bearing inner ring -
whether the cone is 1:12 or 1: 30. In mini hydropower plants, the cone is
1:12.
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a)
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b)

Figure 10 — 2-row barrel bearing with a bushing,
PucyHok 10 — U3zobpaxkeHue 08yxpsiOH020 NOOWUNHUKa ¢ 8myrikol
Cnuka 10 — lNpuka3 dsopedHoe baysacmoe fiexaja ca Yaypom

Table 2 — Data for a correct installation of a bearing
Tabnuua 2 — [aHHbie 0nsi npasusibHOU yCmaHOoBKU MOOWUMHUKa
Tabena 2 — [Nodayu 3a ucrnpasHy MOHMaxy fexaja

. . Axial displacement s' Minin_1u_m aIIov_ved
Bearing Radial retaining radial
bore clearance clearance? after
diameter d reduction Cone 1:30 Cone 1:12 installing a bearing with
the initial clearance
_over min | max | min max min max | Normal Cc3 C4
including
mm mm mm mm
24 |30 0.015 {0.020 |0.3 0.35 - - 0.015 0.020 |0.035
30 |40 0.020 [0.025 |0.35 |0.4 - - 0.015 0.025 |0.040
40 |50 0.025 [0.030 |0.4 0.45 - - 0.020 0.030 |0.050
50 |65 0.030 [0.040 |0.45 |0.6 - - 0.025 0.035 |0.055
65 |60 0.040 [0.050 |0.6 0.75 - - 0.025 0.040 |0.070
80 100 |0.045 |0.060 |0.7 0.9 1.7 2.2 0.035 0.050 |0.080
100 (120 |0.050 |0.070 |(0.75 (1.1 1.9 2.7 0.050 0.065 |0.100
120 |140 |0.065 [0.090 (1.1 14 2.7 3.5 0.055 0.080 |0.110
140 (160 |0.075|0.100 (1.2 1.6 3.0 4.0 0.055 0.090 |0.130
160 |160 |0.080 |0.110 (1.3 1.7 3.2 4.2 0.060 0.100 |0.150
180 (200 |0.090 |0.130 (1.4 2.0 3.5 5.0 0.070 0.100 |0.160
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. . Minimum allowed
Axial displacement s

Bearing Radial retaining radial
bore clearance clearance?’ after
diameter d | reduction Cone 1:30 Cone 1:12 |installing a bearing with

the initial clearance
over . . .
. . min | max | min max min max | Normal C3 C4
including
mm mm mm mm

200 (225 [0.100 [0.140 (1.6 2.2 4.0 5.5 0.080 0.120 |0.180

225 |250 |0.110 [0.150 |1.7 24 4.2 6.0 0.090 0.130 |0.200

250 |260 |0.120 [0.170 |1.9 2.7 4.7 6.7 0.100 0.140 |0.220

280 (315 [0.130 [0.190 (2.0 3.0 5.0 7.5 0.110 0.150 |0.240

315 |355 |0.150 (0.210 |2.4 3.3 6.0 6.2 0.120 0.170 |0.260

355 |400 |0.170 [0.230 |2.6 3.6 6.5 9.0 0.130 0.190 |0.290

400 (450 ]0.200 [0.260 (3.1 4.0 7.7 10 0.130 0.200 {0,310

450 |500 |0.210 |0.280 (3.3 4.4 8.2 11 0.160 0.230 |0.350

500 |560 |0.240 [0.320 |3.7 5.0 9.2 12.5 ]0.170 0.250 |0.360

560 |630 |0.260 [0.350 |4.0 5.4 10 13.5 |0.200 0.290 (0.410

630 |710 |0.300 [0.400 |4.6 6.2 115 (1565 ]0.210 0.310 |0.450

710 |600 [0.340 [0.450 (5.3 7.0 13.3 |17.5 |0.230 0.350 [0.510

600 |900 |0.370 [0.500 |5.7 7.8 143 195 ]0.270 0.390 |0.570

900 (1000 [0.410 [0.550 (6.3 8.5 158 |21 0.300 0.430 |0.640

1000 (1120 |0.450 |0.600 (6.8 9.0 17 23 0.320 0.480 |0.700

1120 |1250 |0.490 |0.650 (7.4 9.8 185 |25 0.340 0.540 1|0.770

! Applicable only for solid steel shafts.

2 Retaining clearance is checked in the cases when the initial internal radial clearance is in the lower
half of the tolerance range and when there are significant temperature differences between two bearing
rings during operation. Retaining clearance values must not be lower than the minimum values given in
the Table.

A control of the internal radial clearance of a bearing is carried out
with measuring ballots by the prescribed methodology. If the clearance is
less than the required clearance, the bearing will overheat. If the gap is
larger, the bearing will also overheat and the rotating system will vibrate. In
some variants of turbine housings, it is not possible to control lubrication.
There is no inspection opening and it cannot be seen whether the bearing
is filled with the right amount of grease. There was a case where the
bearings were not sufficiently lubricated, since the inlet tubes supplying
grease into the bearing were clogged. Control was possible to be done
only by examining how much grease was left in the hand grease nipple for
lubrication. Even that was not satisfactory. There is a possibility that the
grease feed tube cracks and grease goes inside the turbine housing. As a
result, the bearing on the conical bearing sleeve was tourned. A rapid
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intervention of the operating personnel at the plant prevented the system
failure. Taper roller bearings were built into the toothed multiplier. At the
site of Podgor, two bearings marked SKF 32034 X were built on the drive
shaft of the multiplier and two bearings marked SKF 32226 J2 on the
output shaft. These bearings were paired and they had a pre-defined axial
internal clearance of 0.310 to 0.370 mm and 0.240 to 0.280 mm,
respectively (SKF Priru¢nik za odrzavanje lezaja, 1998), These bearings
were installed by the principle "forehead to forehead” (Figure 7c and
Figure 11a). The gaps were adjusted by installing shim rings under the
bearing side caps of different sizes and thicknesses, Figure 11b. If the gap
is not within the prescribed limits, this leads to an eccentric shaft rotation,
dynamic imbalance, overheating of bearings, shocks and vibrations in the
rotation system. If the clearance is not within the prescribed limits, this
results in system failure. Bearings are lubricated with gearbox oil TOTAL
CARTER gradation EP 320 (France) and INA EPOL (Croatia) gradation
220. Since the assembly works at high temperatures, oil in the multiplier
housing is water cooled through the spiral tubes placed at the bottom of
the housing.

17

_._><__

|

i
2

a) b)

Figure 11 — Mounting of taper roller bearings and adjusting the axial clearance
PucyHok 11 — YcmaHoeKka KOHUYECKUX POITUKO8bIX MOOWUMHUKO8
U peayrnuposKka 0cegozo 3a3opa
Cnuka 11— Yepadr-a KoHUYHOBarbKacmux fexajesa u rnodewasarbe akcujasniHoe 3a3opa

The hydropower plant flywheel is mounted on two self-adjusting
barrel bearings with conical bushings, marked SKF 22220 CK + H 320 and
SKF 22222 + H 322. The bearings are installed in the bearing housing
type SKF SN 520 or SKF SN 530 (Figure 12). Two rings, marked SKF
FRB 12/180 and SKF FRB 17/270, will be installed in the bearing housing
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to the side of the turbine, fixing the outer bearing ring and preventing the
axial movement of the entire rotating system of the hydro power plant -
"fest lager” (see the bearing housing SKF SN 520 or SKF SN 530, left side
flywheel in Figure 9a, position1). In the bearing housings SKF SN 520 and
SKF SN 530, the bearings are lubricated with the prescribed grease. The
amount of grease is 0.70 kg and 1.80 kg.

The rings for bearing fixing - floating bearing are not installed in the bearing
housing towards the generator, Figure 9a, pos. 2. The bearing allows the
thermal dilatation of the entire rotating system of the plant. This is a very
important rule in the installation of such bearings of rotation machines. So, a
"fest-lager” is always on the driving side, and a floating bearing - "los-lager” on
the output side. Many technicians were installing rings for axial fixing into both
types of bearing housings, so bearings overheated or they were installing rings
on the output side. The bearing housing is tightened by bolts, with a prescribed
torque (SKF Hauptkatalog, 2007, pp.1031-1066). The adjustment of the inner
radial clearance is carried out using the same methodology as in turbine
bearings. Lubrication and replacement of the bearing is carried out by
dismantling the top cover of the bearing housing and the bearing is lubricated
manually. Grease is set within the bearing on one side and the other side
through the rollers. Grease is not put into the housing itself.

The method of bearing lubrication is important. The same type of
grease used previously in the bearing is always used. Some types of
grease lose their properties when mixed with other types of grease.
Grease types that are not compatible (different bases (Ca) (Na), (Li) or a
mixture of grease (Li / Ca) should never be mixed. High-quality lubricating
greases are used such as those of SKF or Shell. Grease Shell Alvania
Grease G3 is of extremely high quality and is often used for lubrication.

The bearing housing is not washed with chemical agents; it is all done
by hand. The instructions for bearing lubrication should be carefully
followed. The amount of grease put into bearings is very important. If there
is no prescribed amount of grease, the following formula for determining
the amount of grease is used:

Ga=0.005-D-B

where the mark Ga is grease content (in grams), D is the outer diameter
of the bearing (mm) and B is the total width of the bearing (mm).
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Figure 12 — Construction of the bearing housings SKF SN 520 and SKF SN 530

PucyHok 12 — N306paxeHue KoHCmpyKyuu Kopryca nodwurnHuka SKF SN 520
u SKF SN 530

Cniuka 12 — lNpuka3s koHecmpykuuje Kyhuwma nexaja SKF SN 520 u SKF SN 530

The rotors of the hydroelectric power generator of 600 KW rests on
two ball bearings marked SKF 6322 / C4 , at the end of the generator and
SKF 6326 / C4 on the side towards the flywheel. In the hydroelectric power
plant of 450 KW, at the end of the generator, there is an SKF BS 6319 /
C3 bearing built in, and on the side of the flywheel there is an SKF 6324 /
Cs. (Figure 13). These bearings have increased radial clearance due to
increased amounts of heat radiated by the generator during operation.
Generator bearings for hydroelectric power plants of greater power have a
greater radial clearance C,. If radial clearances were smaller, bearings
would "scuff”. The bearings are lubricated with a hand grease gun. In the
generator housing, there are control openings for controlling the quantity of
grease or for the exit of excess grease.
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Figure 13 — Ball bearings of the generator of increased radial clearance Csz and Cy
PucyHok 13 — M306paxeHue wapukosbix MoOWUMHUKO8 07151 2eHEPamopos
C yeesniu4yeHHbIMU paduarbHbiMu 3a3opamu Cs u Cy
Crniuka 13 — lNpuka3 Kyanu4yHUXx rnexajesea eeHepamopa
rnosehaHe padujanHe 3pa4yHocmu Cz u Cy

Slide bearings in mini hydropower plants (vertical hydropower plants)
are lubricated by lubricating oil of the prescribed quality and gradation. The
sliding layer has a thickness up to 30 mm, and it is applied to the outer
two-piece steel sleeve of the bearing.

Technical maintenance of flexible couplings in mini
hydropower plants

In the mini hydropower plants of the EPCG, flexible couplings of
well-known manufacturers such as German companies Siemens and
Flender-Stromag are installed. In some hydropower plants, between the
turbine and the multiplier, there are Flender A 480 N-EUPEX couplings
(Figure 14) and Flender RWN 710 ones (Figure 15). The numbers of 480
and 710 indicate the outer diameter of the coupling in mm.

AR

B

\ EPP& b Y{(//;%\
W

Figure 14 — Flexible coupling type Flender N-EUPEX version A 480
PucyHok 14 — OnacmuyHas mycgoma @neHdep N-EUPEX mun A 480
Cnuka 14 — Enacmuy4Ha cnojHuya muna Flender N-Eupex, ussedba A 480
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105-400 450-630 710-2000

Figure 15 — Set of a flexible coupling type RWN version Flender RUPEX 710
PucyHok 15 — Komnnekm anacmuyHbix my¢pm RWN mun ®nendep RUPEX 710
Cnuka 15 — Komninem enacmuy4Hux crojHuya muna Flender Rupex, ussedba RWN 710

On the side of the turbine shaft, the hub left side is mounted while the
hub right side of the coupling is mounted on the multiplier drive shaft (see
Figure 15). The flexible connection consists of rubber elastic elements
(usually 10 pieces make a set), H-shaped or barrel-shaped. There are various
hardness values of rubber elements and they are marked by different colors.
The standard hardness value of 80 Shore (A) is used here, marked in blue.

Once a year, the correctness of the rubber elements is checked in
accordance with the prescribed methodology (Figure 16). The
measurement value ASv is obtained by measurements taken while the
plant does not function. Two marks are made at the same level on the
coupling hubs, and then one coupling hub is held fixed while the other is
rotated manually. The measured value of ASv for the N-EUPEX coupling
has a maximum value of ASv=15.5 mm (Technische dokumentation
Flender elastische Kupplungen N-Eupex, Bauarten A und B, pp.1-
36, Bocholt, 2003). If the value is higher, the rubber elements must be
replaced immediately. Rubber elements are changed regularly every 3
years, due to the natural aging of rubber. Elements must be changed if
deformed, damaged and if they have cracks, which may cause failure of
mechanical assemblies, which has already happened in practice.

Figure 16 — Testing the rubber elastic elements of the couplings Flender N-480
and A-EUPEX RUPEX RWN 710
PucyHok 16 — TecmupogaHue pe3uHosbix aracmuydHbix Mychbm muna N-480
u A-EUPEX RUPEX RWN 710
Cnuka 16 — lNposepa ucrnipagHoCcmu 2yMeHUX eflacmu4yHuUX efieMeHama criojHuya muna
Flender N-Eupex A 480 u Rupex RWN 710
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During dismantling and assembling the hydroelectric power plant
assemblies, system assemblies alignment norms should be strictly
observed. It is necessary to carry out measurements, calculations and
comparisons of the measured values and the calculated values. The
alignment of assemblies is carried out in the 3-D system. For these types
of flexible couplings, a similar technology is prescribed for overhaul and
control calculations of deviations during installation. Figure 17 presents the
checking of values Sinn and Sina, axial deviations AKa, angular
deviations AKw and radial deviations AKr.

Simin _u_:,_

Axialversatz Winkelversatz Radialversatz
Einstellung des Mégliche Versetzungen / Possible misalignments / Décalage possible
Ad'usézﬁ?l;ntﬁ:spa“ef . wo| " Radversal 4 Winkelversatz 9 Axialversatz
e 1 Caupiing gap *3y Radial misalignment Angular misalignment Axial misalignment
Réglage de I'écart axial enlre Désalignement radial des axes Déviation anqulaire Déplacement axial des abres
les deux plateaux
g AK
1 min

B e | A

B 0 B L

51 max

Folgenda max. zuléssige Versétze diirfen wéhrend des Betriebes auf keinen Fall Gberschritien werden:

Figure 17 — Display and calculations of discrepancies of elastic couplings in the 3-D system
PucyHok 17 — 306paxeHue u pacdyem pacxoxoeHuli anacmuyHbix My¢hm e cucmeme 3-D
Cnuka 17 — lNpuka3 u npopa4vyH oOcmynarba enacmu4HuUXx criojHuya y 3-D cucmemy

For A480 N-EUPEX elastic coupling the values Si,i,=5 mm and
Simax=10 mm are prescribed. The permitted values of axial deviations
AKgay, radial deviations AKr,,, angular deviations AKw,,, and the
difference between the maximum and minimum clearance AS1,,=S1max -
Simn are prescribed. The values of clearances of these gaps are:
AKry=AS 1 20=AKw=1.1 mm, AKw,,=0.11° and for RUPEX coupling RWN
710 - Simin=5 mMm, S1mx=9 mm and the maximum permissible deviation
values AKr =AS 1u=AKezu=1.1 mm, AKw,,=0.12°. The measured values
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of deviations after the overhaul had far lower values compared to the
calculated values.

The calculation of deviations in the 3-D system is carried out
according to the formulas:

d, . 40
Lzul./ perm./ aut. = AKa zul./ perm./ aut. = (01 + 1000) ’ E

The calculation of the angular deviations is carried out according to
the formula:

AKr

zul./ perm./ aut.

=AS

AS
AKw_, in Rad ==z
da
AS
A]<M}zul in Gl"ad = @ T lzul
V4 d

a

where the mark da - means the outer diameter of the coupling, and n is
the number of revolutions per minute of the turbine shaft on which a
flexible coupling is mounted.

For each type of flexible couplings, the equipment manufacturers
prescribed permitted values of all deviations and values for screw
tightening torques in flexible couplings (Elastische Kuppllungen Flender
Bauart RUPEX RWN, 2003, pp.1-30), (Betriebsanleitung BA 3100 DE
07.03, 2003, pp.1-36).

The Periflex flexible couplings connecting the drive system of the
power plant and the hydropower plant generator do not require special
maintenance. The coupling is presented in Figure 18. The producer of
couplings is the German company Flender. Couplings used to be
produced by the company Pobeda, Novi Sad. In the process of
replacement, the installation dimension marked with the letter "O"” must be
maintained and the tightening of the clamping screws must be carried with
a prescribed torque. Rubber elastic elements of the coupling should be
changed in accordance with the maintenance instructions (Antriebtechnik
von Stromag, 1996, pp.1- 40).
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Figure 18 — Flexible coupling of Stromag Periflex Version PNA type, size 225 R and 426 R
PucyHok 18 — OnacmuuHbie Mychmel Stromag Periflex mun PNA, pasmep 225 R u 426 R
Cnuka 18— EnacmudHe crigjHuye Stromag muria Perifiex, ussedbe PNA, senuquHe 225 R u 426 R

Flexible couplings Flender type ARPEX series K 430, with the outer
diameter @270 or 320 mm, mounted in the hydropower plants in the
EPCG, are particularly highly sensitive mechanical components in the
system of hydropower plant maintenance. Couplings are installed in the
system drive, between the multiplier and the flywheel (drive side of the
system) and on the output side (the other side of the system), between the
flywheel and the generator. A set of couplings is shown in Figure 19a. In
Figure 19b, tolerance measures when installing the set of couplings are
marked. The values Simin, S1max are measured in 6 measurement points
after the assembly. Before the assembly, it is very important to measure
the dimensions of flanges (Figure 19a, pos.1, lamellar packs, pos. 2 and
shaft couplings pos. 3) in order to achieve the required measures in 6
measurement points, according to the installation instructions.
Unacceptable radial deviations of the flange and the shaft present a
particular problem. They create large centrifugal forces and break the plate
packs. Screw holes in the flanges and the shaft in conjunction with bolts
must be within the tolerances of “gentle folding”.

The dimensional tolerances of the intermediate shaft, deformed
during operation, must be controlled in particular. If the couplings are
mounted incorrectly, there occurs a system breakdown. The axial direction
is particularly sensitive, if coupling lamellar packs are stretched due to
incorrect installation, in the longitudinal axis of the rotation system. The
control calculation and the measurement of tolerances after the installation
of the coupling set are done according to the manufacturer's technical
documentation (Technische dokumentation Flender Betriebsanleitung BA
8700 DE 08.95, 1992). The thickness of the lamellar pack S1 for the
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coupling of @270 mm is S4=23 mm and the prescribed values for Simin
=224 mm and Simax =23.6 mm. For the coupling outer diameter of
@320 mm, the thickness of lamellar packs is S;=27 mm and the
prescribed values for S4,i,=26.3 mm and Simax=27.7 mm. Figure 21
shows the variables taken into the calculation of the allowed deviations.
The value L is the average distance between the lamellar packs,
expressed in mm. S means the distance between the flanges of flexible
couplings expressed in mm, Figure 21b. The value L is calculated using
the formula:

L=8§-5,

If the axial distance between the flanges is AKa=0 mm, the values for
AKw are read in the manufacturer tables, then AKw = 0.7°. If AKa=0.6 mm
the value AKw=0.5°. for couplings of &270 mm and &320 mm, the value L

is in the range L from 194 to 220 mm. In this case, the maximum values
are calculated using the formula:

AK, =1g(AK, - L)

and they are AKr =1 to 2 mm. In our assembly procedures, the AKr
values amounted to a maximum of AKr=0.4 mm, indicating a very high
quality of assembly.

Figure VI
Sy = gap between coupling flanges
Stmin = see table 3
S e = see table 3

M = measuring point
a) b)

Figure 19 — Display of flexible couplings ARPEX Flender series K 430 sizes 80 to 820
PucyHok 19 — UzobpaxeHue anacmu4Hol mygpmel murnia ARPEX ®neHdep
cepuu K 430 paamepom om 80 do 820
Cnuka 19 — lNpukas enacmu4He criojHuue muna Arpex Flender, cepuje K 430,
genu4yuHe 80 do 820
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S + AK.

a) b)

Figure 20 — Measurement of variations in the 3-D system in flexible couplings
Flender ARPEX series K 430
PucyHok 20 — UsmepeHue pacxoxdeHuli 8 cucmeme 3-D anacmudyHol Myghmb|
muna Flender ARPEX cepuu K 430
Cnuka 20 — Mepere odcmynara y 3-D cucmemy Ha eflacmuyHUM criojHUUama
muna Flender Arpex, cepuje K 430

Technical diagnostics and monitoring systems in mini
hydropower plants

Mini hydropower plants built in the past did not possess modern
measuring equipment and devices. Modernization of measuring
techniques and systems has become more and more advanced.
Nowadays, regardless of the installation time, many systems for
monitoring operating parameters have been subsequently built on many
systems. Instruments and gauges showing and measuring many
dimensions and operating parameters have been built in for temperature,
pressure, water flow, vibration levels and electrical parameters. On-Line
Monitoring systems that consistently show measured values were installed
on some hydropower plants (Zegarac, 2005). On much older systems,
measurements of functional parameters are carried out periodically - Off-
Line-Systems. Such measurements are recommended every 15 months. It
is very important to measure vibration parameters on mechanical
assemblies and to analyze them. There are a lot of possibilities for data
analysis in modern measurement systems, such as data archiving during
the plant operation period, etc. Figure 21a presents a modern monitoring
system in a mini hydropower plant at one location. (Zegarac, 2005). Two
hydro units are in parallel operation in a system. There is a possibility that
the hydro aggregates are stopped in case of alarm messages if some of
the measured values are not within the permitted limits. The system has
an automatic control and monitoring of technical safety. Figure 21b shows
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modern monitoring for measuring relative vibrations and the degree of
wear of sliding bearings (Zegarac, 1989), (Zegarac, 1993).

a) b)

Figure 21 — On-line monitoring system and the monitoring system for sliding bearings
PucyHok 21 — UNsobpaxeHue oHnalH cucmeMbl MOHUMOPUHaa U CUCmeMbl MOHUMOPUH2a
10 MOOWUMHUKaM CKOJIb)XEHUST
Cnuka 21— lNpuka3 on-line MoHUMOpUHe cucmema U MOHUMOPUHe CUCIMEMa 3a KIU3He Jiexajese

Conclusion

This paper describes the author’s experience in performing technical
maintenance of complex energy systems, mini hydropower systems in
particular. Mini hydroelectric power plants are renewable sources of
energy. At the present time and in the future, they have significant
advantages compared to other energy systems. This paper presents an
analysis of many causes of malfunctions, faults, operation failures and
system failures that occur on some machine parts, electrical circuits or
other parts of installations and equipment that are integral parts of power
plants and play an important role in the proper functioning of the system.
Examples of failures, accidents and causes of their occurrence are
displayed in detail. The main goal is to perform preventive and planned
technical maintenance of the system. The paper shows numerous
examples of how to use technical documentation of equipment
manufacturers which contains prescribed standards of technical
maintenance of systems. Major damage to systems may occur due to
neglecting or not knowing the instructions, standards or technical
documentation. Some energy systems were installed long time ago so
end-users do not have complete technical documentation, which makes
serious problems during technical maintenance. Thanks to valuable
experience and knowledge of our qualified personnel in the maintenance
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of other complex systems such as large hydro and thermal power plants
and systems for process industries, this part of the problem is successfully
addressed. Such knowledge and experience are gladly communicated to
technical staff of the system end users. Technical training is particularly
important for persons responsible for systems in operational work so that
they can react in time in case of an extraordinary event. Previous
experience and knowledge show that many phenomena can be predicted
in advance. The expertise and training of the personnel performing
overhaul is of particular importance for high quality performed overhaul. In
addition, they must be equipped with professional tools, accessories and
other equipment for high quality overhaul. Such complex systems do not
allow improvisations in performing overhaul; one mistake leads to several
new problems for which there are certain consequences in the plant
exploitation (known cases from practice). It is especially important to use
modern measuring equipment, and to measure some parameters in the
plant itself. Measuring equipment can be permanently installed (use of
modern monitoring systems) or measuring equipment can be transferred
so certain parameters are periodically measured on the spot where the
system is installed. Some failures and faults cannot be predicted. At many
locations, there are energy systems the exploitation period of which has
been expired. A particular problem is the production and procurement of
original spare parts. The process takes a long time so the systems are out
of use. End users must plan a purchase of new mini hydropower plants.

In the current technical maintenance of mini hydropower plants,
significant results have been achieved. Accidents, system faults and
failures are prevented, which is very important, since these systems are of
a production character. It is particularly important that systems operate
properly in the season when there is large influx of water into hydroelectric
power plants.
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MOBBLIWEHNE KAHYECTBA TEXHUYECKOIO OBCJTY>KMBAHNA
CUCTEM MUHWN IF3C 1 AHANTU3 MPUYNH X BbIXOOA N3
CTPOS, CEOEB 1 ABAPUW

Hukona TN. XXerapay,
Cepbckas akagemusi usobpetarenen u yyeHslx, r. benrpag,
Pecny6nuka Cepbusi

OBNACTb: MalMHOCTPOEHNE, IHEPreTHKa, ANEKTPOTEXHMKA, SNTEKTPOHNMKA,
KOHTPOJb M HaA30p, TEXHMYECKas ANarHocTuka

TUMN CTATbW: opurnHanbHas Hay4yHas cTaTbst

A3bIK: aHrnuiicknin
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Pesome:

B cmambe npedcmaenieH MHO20/1emHuUll onbim pabombl, C8si3aHHbIU C
0essImenibHOCMbK 110 MEXHUYECKOMY  OBC/Ty)KUBAHUO  MawuH U
3/1€KMPOYCMaHOBOK. lNMpueedeH aHarnus 2r1aeHbIX npu4uH
HeucnipasHocmel, cboes u aeapul, criydaroujuxcs Ha MuHu-FoC. B
cmambe ripednazaemcs eHedpeHue cucmembl Ha MuHu 'OC, komopas
bydem crnocobcmeogamb  yIyHWEHUIO — Kadecmea  MEeXHUYECKO20
obcnyxueaHusi 3Hepzobriokos: mypbuHHO20 6ri10Ka C peazynsimopom,
MexaHU4YeCcKux y3r108 (Mynbmuriiukamop u maxosuk 'OC), anacmuyHbix
Mygbm, COEeOUHSIIOWUX Y3/bl  YCMaHOBKU, CMa304HbIX —cUCMeM,
asmomamu3sayuu U 8bICOKOBO/IbMHbIX YCMaHOBOK. B cmambe makxe
npedcmaerieH Kpamkuli 0630p 803MOXHOCMeLU MPUMEHEHUST mexHuU4YecKkoU
OQuazHoCMUKU U MOHUMopUHeaa cucmem Ha MuHU-I'SC.

Knrouesnie crioga: mexHudeckoe obcnyxueaHue, MuHu 'OC, omkassl,
cbou, asapuu, MOOWUNHUKU, 371aCMUYHble Mygmbl, MexaHu4YecKue
Y3/1bl, 371€KMPUYECKUE CXEMBbI.

YHAMPEBEHE TEXHUYKOI OOP>XABAHA CUCTEMA
MUNHU-XNOPOENEKTPAHA, AHATTM3A Y3POKA
HEMCIMNPABHOCTIN, KBAPOBA, OTKA3A Y PALLY N XABAPUJA

Hukona . XKerapay,
Cpnicka akagemuja usymutersa n HayyHuka, beorpaa, Peny6nuvka Cpbuja

OBNACT: MalLIMHCTBO, EHepreTuka, eNeKTPOTEXHUKA, ENTEKTPOHMKA,
ayToOMaTCKO ynpaBrbake U Haf30p, TEXHUYKA AujarHOCTHKa

BPCTA UJTAHKA: opyruHanHu Hay4Hu YnaHak

JE3UK YJIAHKA: eHrnecku

Caxemak:

Y pady cy npukasaHa Oyeo20dulirba UCKycmea Ha [ocrosuma
mexHUYKo2 o0pxKasara MalWUHCKUX U efleKmporiocmpojersa. N3epuwieHa
Je aHanusa MHO2UX y3poKa HeucrnpasHoCmu, Keaposa, omka3a y pady u
Xxaeapuja, Koju ce rojassbyjy Ha MUHU-xudpoesnekmpaHama. Cucmemu
MUHU-XuQpoeriekmpaHa pasmampaHu Cy ca acriekma yHarnpehera
mexHuU4Ykoe odpxxaearba o (YHKUUOHANMHUM yeruHama: mypbuHCKu
cknon  ca  peaynamopoM — mypbuHe,  MexaHU4YKU  CK/I0rosu
(Mynmunnukamop U 3amajaly eriekmpaHe), eslacmudHe CriojHuUue Koje
rosesyjy  ckrornioge rocmpojerba,  e/IeKMpPOCKIIoNosy, — cucmemu
rnodmasusarba, aymomamuka U 8UCOKOHarloHCcKa rnocmpojersa. lNpukasaH
je Kpamak ocepm Ha Moz2yhHocmu fpuMeHe MmexHU4YKe OujaeHOCMUKe,
OOHOCHO MOHUMOPUH2 cucmemMa Ha MUHU-XxudpoesiekmpaHama.

KrbyyHe peyqu: mexHUYKo o0pxaeare, MUHU-XUOpoesekmpare,
Keaposu, HeucrnpasHOCMU, xasapuje, nexajesu, enacmuy4He criojHuue,
MalUHCKU CKITOMo8U, e/1eKmpOoCK/I0rnosu.
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Abstract:

This paper presents the creation of a table for obstacle course scoring
results, for female cadets. The table is created based on the results
obtained by female cadets during four years of studying at the Military
Academy in Belgrade. After creating and applying the scoring table, its
influence on female cadets scoring results is investigated. The
investigation has shown that the implementation of the scoring table has
improved the results of female cadets in the obstacle course test for more
than 45 seconds but less than 56 seconds in average.

Key words: scoring table, obstacle course, female cadets, z-test,
cumulative distribution, repetition frequency.

Introduction

A standard obstacle course is used in the Serbian Army for training,
obtaining, developing and maintaining physical activity as well as some of
motor skills and personality traits. An obstacle course is made of artificial
obstacles where the members of the Serbian Army are practicing in order
to develop skills useful for performance of specific tasks during the
peacetime (reconnaissance, field trips, camping, overcoming natural
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obstacles) and in war conditions (Ministarstvo odbrane, 2011),
(Generalstab Vojske Jugoslavije, 1995a).

At the end of each year, for the evaluation of the physical skills of the
Military Academy cadets, specific groups of tests are used. One of these
tests is an obstacle course. An obstacle course is a test used for the
evaluation of general physical readiness (aerobic anaerobic endurance) of
cadets, by measuring the time required for correctly overcoming the
obstacles. The time necessary for completing the obstacle course
successfully is transformed into points and, together with the points from
other tests (pull-up, push-up, crunch and 2400m running), used for the
evaluation for the final mark in the subject Physical Education.

The obstacle course has to be passed by running, crawling, climbing,
jumping, swiping, bowed movement, and skipping. In an obstacle course,
specific motor skils (strength, speed, stamina, coordination, agility,
flexibility) and personality fraits (confidence, resourcefulness,
perseverance, determination, courage, boldness, courage) are developed
(Ministarstvo odbrane, 2011), (Generaldtab Vojske Jugoslavije, 1995a),
(Kukolj, 2006).

After accepting the first generation of female cadets at the Military
Academy (year 2007/08), the content of the Physical Education syllabus
had to be adapted for female cadets. Besides the adaptation of class
methods, due to the specificity of female population, the criteria for
evaluating knowledge had to be adapted as well as the criteria for motor
skills evaluation in female population, i.e. an appropriate scoring table for
female cadets had to be created.

There are few precise data about research works on the participation
of females in sports education and sports activities at the Military Academy
and the Serbian Army. There are presumptions that research had been
carried out, but there are no published papers on this subject (Rodi¢ et al,
1985), (Peri¢, 2000), (Zori¢, Puki¢, 2010). During the first generations of
female cadets testing, the only criterion for the satisfactory grade was
passing the obstacle course test regardless of the time. The lack of time
restrictions for taking the test led to significantly worse results in average
for female cadets in comparison to male cadets. Because of that, a table
showing obstacle course scoring results became necessary. The
additional research showed the influence of the introduction of such a table
into a testing process on average scoring results.

The aim of this paper is the creation of a table for the evaluation and
assessment of the general physical readiness of female cadets based on
the time achieved in the obstacle course test and testing the influence of
such a table on the achieved results. This research has been done under
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the assumption that the table is going to be officially used in the subject of
Physical Education at the Military Academy.

Methodology

Taking in to account that, there were no tables for female cadets for
the obstacle course test, there was a necessity to collect data needed for a
statistical analysis. For that purpose, a sample group of female cadets
tested without time limitation was formed. The only condition for this
sample group was to overcome all the obstacles in an appropriate manner.
The time was recorded in seconds.

The collected data were statistically processed. The repetition
frequency was calculated, and a visual inspection of the repetition
frequency was used to check whether the data distribution can be
considered normal. Numerical normality distribution tests were not
implemented.

Afterwards, cumulative distribution was calculated. On the basis of the
calculated cumulative distribution, top 5% of the results were discarded.
Since the scoring table ranges from 20 to 100 points, the worst 25% of the
results were also discarded from the initial sample. Thus obtained time
limit values corresponded to 20 i.e. 100 points. Since the points are
integer numbers, as well as the achieved time values, the linear
distribution of the points was not possible. The point interval for worse
results is larger than the one for better results. The larger interval for worse
results was taken since it is easier to improve worse results than better ones.

The influence of the existence of the scoring table on the achieved
results was tested by the help of a female cadets sample tested with the
implementation of the table. The results of female cadets tested with the
table are compared with the results of the female cadets tested without the
scoring table. For the comparison of the obtained results, the z-test was
used (Winer et al, 1971), (Moore, 2007), (Kanji, 2006).

Four hypotheses were set and tested. The first zero hypothesis was:
the average results of these two samples is equal. The next zero
hypothesis: these two samples differ by a difference in their average
results. Afterwards, a series of tests with diverse values of average results
differences was conduced. The aim of these tests was to determine a
difference of the average results for which it can be said that the
hypothesis can be rejected. In such a manner, last determined limit can be
used as limit of results improvement.
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Test sample

The test sample used for table creation consisted of 189 female
cadets (out of 202) from the generations enrolled between 2008 and 2012,
aged from 18 to 24. Measurements were conducted at the end of each
academic year (Jun, July), so each female cadet had at least one and at
most four measurements (Table 1). From this sample, 734 results
(measured times) were used for statistical processing.

Table 1 — Test sample of female cadets used for table creation
Tabnuua 1 — O6pa3seu, Ha 0OCHOBaHUU KOmopoeo pa3paboma oueHoYHass mabnuya
Tabena 1 — Y30pak Ha 0CHO8Y Kojee je udpalfjeHa mabnuya 3a 6odosar-e

Total
No | sampe | ETEledn | "G | fonai sttt
cadets
1 A 2008/2009 34 32 2009 2010 2011 2012
2 B 2009/2010 32 28 2010 2011 2012 2013
3 C 2010/2011 58 56 2011 2012 2013 2014
4 D 2011/2012 37 35 2012 2113 2014
5 E 2012/2013 41 38 2013 2014
Total 202 189

For testing the scoring table influence on the accomplished results, a
sample consisting of 114 female cadets (out of 122) enrolled in 2011,
2012, 2013 and 2014, aged between 18 and 24, was used. This sample
was tested according to the scoring table formed from the previous
sample. The testing of this sample was conducted at the end of school
year 2014/2015 (Table 2). For statistical processing of this sample, 114
results (measured times) were used.

Table 2 — Test sample of female cadets used for checking the table influence on the
achieved results
Tabnuua 2 — O6pa3sey dns aHanu3a enusiHUs oueHoYHoU mabnuybl Ha ocyuecmerneHue

pe3yrnbmamos
Tabena 2 — Y3opak 3a mecmupare ymuuyaja mabnuye 3a 6o0osar-e Ha ocmeapeHe
pesynmame
Enrolled Total number Tested Testing year
No | Sample ; of female female .
in year with the table
cadets cadets
1 D 2011/2012 37 35 2015
2 E 2012/2013 41 38 2015
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Enrolled Total number Tested Testing year
No | Sample : of female female . gy
in year with the table
cadets cadets
3 F 2013/2014 28 28 2015
4 G 2014/2015 16 13 2015
Total 122 114

All female cadets were located at the Military Academy campus. All of
them had the same living and working conditions. All of them were healthy
and regularly attended the classes of Physical Education.

Test description

The obstacle polygon consists of 18 different elements, obstacles,
which are positioned in three lines on a 240m long course. The obstacles
are set in the following sequence: belly crawl, twigs fence, wall, balancing
beam, two beams, scaffolding, horizontal ladders, wire fences, horizontal
bar, combined ladders, three beams, apertures doors and windows, tunnel,
stumps, hallway, inclining wall, foot beam and trench. There is more than
one way for passing these obstacles and each female cadet chooses an
allowed one which best suits her. A way of passing obstacles for female
cadets is slightly different from the way of passing them by mail cadets.

Ways of passing obstacles for female cadets:

1. belly crawl overcomes by crawling (stomach, back, sideways);

2. twig fence overcomes by jump (take off with one foot and landing
on the other foot or take off with one foot and landing on both feet);

3. wall overcomes by hooking undemeath the armpit and below the knee;
by running, jumping and swinging over and by chinning and a push-up;

4. balancing beam overcomes by straight stepping, moving in astride
posture, on the knees and hands (on all fours).

5. two beams overcomes by jumps:
by run-up, stepping on the one lower beam and by jump over the
higher beam;
by run-up stepping with one foot on the lower beam and with other
foot on the higher beam;
by run-up stepping with one foot on the lower beam and by leaning
with one foot and one hand on the higher beam;
by take-off with both feet from the lower one with support with both
hands on the higher beam with a lean jump over the higher one;
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- by take-off with both feet from the lower beam, jumping on the higher
beam by supporting on belly, jumping over the higher beam;

6. scaffolding overcomes by climbing:

- climbing and by moving on hands upwards, catching each transverse
and longitudinal rods, jumping over the horizontal rod and landing at
the end;

- by swinging and catching the fourth transverse rod jumping over the
horizontal rod and landing at the end,;

7. horizontal ladders overcomes by oversteps:

- overstepping every transverse rod;

- leaning on hands and by overstepping with legs in front;

- leaning on hands and overstepping with legs in back;

8. Wire fence overcomes by:

- front jump with leaning by one hand on the pylon;

- side jump with leaning by one hand on the pylon;

9. horizontal bar overcomes by:

- crossing the bar and the pylon by leaning on the stomach (it is
allowed to use the vertical bar);

- hanging on the bar, leaning below the knees and swinging rising
body, crossing the bar with the other leg and landing at the end;

- by frontal turn;

10. combined ladders overcomes by climbing (between the first and
the second horizontal bar), and by passing the horizontal part by stepping,
climbing with hands and feet along the vertical ladder, with alighting along
the ladders from the opposite side with a jump;

11. three beams overcomes by:

- leaning on one hand and foot, by a jump and a pull under;

- leaning on both hands leaping on one side of hands and pulling

under;

- leaning on one hand, stepping over and pulling under;

12. apertures, doors and windows overcomes by passing through;

13. tunnel overcomes in the first part in a bent position, and in the
second part by crawl,

14. stumps overcomes by jumps (stepping jump from one foot to
another over each stump and stepping jumps from one foot to the other
over each second stump) with obligatory stepping on the land line and a
leap over the trench at the end;

15. hallway overcomes by passing (walking or running forwards,
sideways, backwards);

16. inclined wall overcomes by:

- hooking underneath the armpit and below the knee;

- hooking underneath the armpit and below the knee, using the side

bar;
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- running, jumping on the wall with a support on the hands and leaning
he body forwards and downwards and shifting legs over the wall, with
landing;

- running, raising the body using hands, stepping with one foot on the
wall, jumping over the wall;

17. foot beam overcomes by a run-up stepping on one foot and

landing on the other or both legs;

18. trench overcomes by a run-up jump, a take off with one foot and

landing on the other foot or a take off with one foot and landing on both
feet.

Work description and measurement procedure

During regular classes, female cadets had obligatory classes of
learning and exercising obstacle polygon passing and, during the year,
opportunities for individual exercising. As precaution measures, before
beginning of the obstacle test, the whole obstacle polygon functionality is
checked and during the test, at some (more difficult) obstacles, cadets are
placed as additional security. The worm up lasts from 10 to 15 minutes,
with jogging and standing shaping exercises.

The equipment for obstacle polygon passing is military (shirt, trousers,
military boots) without a beret and without a military strap (Ministarstvo
odbrane, 2011), (Generalstab Vojske Jugoslavije, 1995a), (GeneralStab
Vojske Srbije, 2010), (Generalstab Vojske Jugoslavije, 1995b).

Female cadets start separately. The commands for the start are GET
SET, READY, GO. On the command GET SET, a female cadet takes the
starting position, lying down on stomach in such a way that the starting line
is in line with her shoulder. On the command READY, she concentrates,
and on the mark GO she moves towards the first obstacle. On the
command GO, the teacher starts a stopwatch and observes the regularity
of obstacle passing. In case some obstacle is not passed appropriately,
the command is AGAIN, and a female cadet is obliged to go back and to
repeat that obstacle until the obstacle is passed in the prescribed manner
or to give up. The stopwatch is stopped when a female cadet passes the
finish line with the whole body. Female cadets have two attempts, and a
better score is recorded. Time is measured with 1s precision (Ministarstvo
odbrane, 2011), (Generalstab Vojske Jugoslavije, 1995a).
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Results and discussion

Figure 1 shows the repetition frequency of the results of the female
cadets tested without a scoring table. From Figure 1, one can see that
excluding a few aberrations, the distribution can be considered normal.

The best score is 167 seconds, while the worst score is 15 minutes or
900 seconds.
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Figure 1 — Scoring results repetition frequency
Puc. 1— HacmomHocmb nogmopsiemMocmu pesynbmamos
Cnuka 1 — ®pekseHyuja noHas/bara pesynmama
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Figure 2 — Cumulative distribution
Puc. 2 — KymynsamusHoe pacrnipedesneHue
Cnuka 2 — KymynamueHa pacrnodena
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If, according to the cumulative distribution (Fig. 2), 5% of the best results
are rejected, the best time 207s (3 min and 27s) is obtained, while the worst
time obtained by rejection of 5% the worst results is 6 min and 18s.

Table 3 — Scoring table for female cadets in the obstacle course test
Tabnuua 3 — OyeHo4yHasas mabuya mecmupoeaHusi KypcaHmoK o rnpoxoxo0eHUr
nosnocs! npensmemeuti
Tabena 3 — Tabnuuya 3a 60008ar-e kaBemKura y mecmy caenahusare nosnu2oHa

newadujcKkux npernpeka
Points Result | Points | Result | Points | Result Points Result

100 3:27 80 3:47 60 4:09 40 4:49
99 3:28 79 3:48 59 4:11 39 4:51
98 3:29 78 3:49 58 4:13 38 4:53
97 3:30 77 3:50 57 4:15 37 4:55
96 3:31 76 3:51 56 4:17 36 4:57
95 3:32 75 3:52 55 4:19 35 4:59
94 3:33 74 3:53 54 4:21 34 5:01
93 3:34 73 3:54 53 4:23 33 5:03
92 3:35 72 3:55 52 4:25 32 5:05
91 3:36 71 3:56 51 4:27 31 5:07
90 3:37 70 3:57 50 4:29 30 5:09
89 3:38 69 3:58 49 4:31 29 5:11
88 3:39 68 3:59 48 4:33 28 5:13
87 3:40 67 4:00 47 4:35 27 5:15
86 3:41 66 4:01 46 4:37 26 5:17
85 3:42 65 4:02 45 4:39 25 5:19
84 3:43 64 4:03 44 4:41 24 5:21
83 3:44 63 4:04 43 4:43 23 5:23
82 3:45 62 4:05 42 4:45 22 5:25
81 3:46 61 4:07 41 4:47 21 5:27

20 5:29

Having in mind that the scoring table starts from 20 points, 25% of the
worst resuts were rejected so the newly obtained worst result was 329s (5
min and 29s). Since linear distribution was not posible with integer values
of seconds, the scoring table was obtained by taking 1s for spacing time
between better results and 2s between worse results. In such a way, the
obtained boundary between better and worse results was at 62nd point
(Table 3). Time values were distributed in such a manner that each point
coresponds to integer time values in seconds.
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The obtained table is used for ranking the female cadets from the test
sample. Descriptive statistics (http://www.excel-easy.com, 2016), of both
samples is shown in Table 4. From Table 4, one can see that the mean
value of the results obtained by the female cadets tested with the table
implementation (sample for testing) is 309.3097-264.2632 = 45.0447
seconds better than the mean value obtained by the female cadets tested
without the table (sample for table creation).

Table 4 — Scoring, descriptive statistics
Tabnuua 4 — JeckpunmusHasi cmamucmuka
Tabena 4 — [JeckpunmueHa cmamucmuka

Sample for table creation Sample for table testing
Mean 309.3079 Mean 264.2632
Standard Error 3.845998 Standard Error 5.580216
Median 285 Median 253
Mode 270 Mode 264
Standard Deviation 104.1974 Standard Deviation 59.5804
Sample Variance 10857.11 Sample Variance 3549.824
Kurtosis 7.763746 Kurtosis 0.535174
Skewness 2.262072 Skewness 0.84566
Range 793 Range 283
Minimum 167 Minimum 167
Maximum 960 Maximum 450
Sum 227032 Sum 30126
Count 734 Count 114

In order to confirm the claim that the table has influenced the
improvement of the results, the zero hypothesis is set:

HO: The mean values of the obtained result of both samples are
statistically equal.

Taking into account that the sample has more than 30 results, the z —
test is used for hypothesis testing (https://support.office.com, 2016). The
results of the test are shown in Table 5. From Table 5, one can see that
the value of the z statistics is higher than the critical values of the z
statistics, which means that the zero hypothesis can be rejected, meaning
that the mean values are not statistically equal.
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Table 5 — Z-test with the zero hypothesis that the mean values are statistically equal
Tabnuua 5 — Z-mecm ¢ Hyneesou aurnome3ol 0 MOoM, YmMo CPedHUEe 3HaYeHUs

cmamucmu4yecKu pasHb|
Tabena 5 — Z-mecm ca Hynmom xuriome3om Oa cy cpedre epedHocmu pe3ynmama
y30paka jeOHake
Z-Test: Two Sample for Means
Without the table With the table
Mean 309.3079019 264.2631579
Known Variance 10857.11 3549.824
Observations 734 114
Hypothesized Mean Difference 0
z 6.646507348
P(Z<=z) one-tail 1.50064E-11
z Critical one-tail 1.644853627
P(Z<=z) two-tail 3.00129E-11
z Critical two-tail 1.959963985

New zero hypothesis is set:

HO: The mean values of the obtained results of both samples are
statistically different for 45s.

The results of testing this zero hypothesis are shown in Table 6. From
Table 6, one can see that the z statistics for this zero hypothesis is smaller
than the critical values of the z statistics. According to the results of the z
statistics for this hypothesis, it can be claimed that the mean values are
statistically different for 45s.

Table 6 — Z-test for the zero hypothesis that the mean values differ for 45s
Tabnuua 6 — Z-mecm ¢ Hyneesou aurnome3ol 0 MOM, YmMo CPeOHUEe 3HaYeHUs
cmamucmu4yecku pasnudyaromcs Ha 45 cex.

Tabena 6 — Z-mecm ca Hynmom xuriome3om 0a ce cpedHe epedHocmu pesynmama
y30paka pa3snukyjy 3a 45 s

Z-Test: Two Sample for Means

Without the table With the table
Mean 309.3079019 264.2631579
Known Variance 10857.11 3549.824
Observations 734 114
Hypothesized Mean Difference 45
z 0.006602133
P(Z<=z) one-tail 0.497366149

z Critical one-tail

1.644853627

P(Z<=z) two-tail

0.994732298
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Z-Test: Two Sample for Means
Without the table With the table
z Critical two-tail 1.959963985

Since the standard deviations of these two samples are different, a
series of hypotheses which take other options of mean values differences
into account was tested. The results of two characteristic hypotheses:

HO: The mean values of the obtained results of both samples are

statistically different for 56s

and

HO: The mean values of the obtained results of both samples are

statistically different for 57s
are shown in Table 7. From Table 7, one can see that the hypothesis
stating that the mean values differ for 56 seconds can be accepted while
the hypothesis stating that the mean values differ for 57 seconds should
be rejected. This analysis leads to a conclusion that the introduction of the
scoring table in the testing process improves the results of female cadets
in the test, but not for more than 56 seconds.

Table 7 — Z- test with the zero hypothesis that the mean values differ
for 56 seconds (left) and 57 seconds (right)
Tabnuua 7 — Z-TeCT C HyNneBOW rMnoTe30M O TOM, YTO CPeHUE 3HAYEHUS
CTaTUCTUYECKM pasnmyatoTcs Ha 57 cek.
Tabena 7 — Z-TeCT ca HyNnTOM XMMNOTE30M Ja Ce CpeAHe BPeQHOCTM pe3ynTara y3opaka
pasnukyjy 3a 56 s, o4HOCHO 3a 57 s

Z-Test: Two Sample for Means Z-Test: Two Sample for Means
Without With Without With
the table the table the table | the table
Mean | 309.3079 | 264.2631 Mean | 309.3079 | 264.2631
Known | 14857 11 | 3549.824 Known | 44857 11 | 3549.824
Variance Variance
Observations 734 114 Observations 734 114
Hypothesized Hypothesized
Mean 56 Mean 57
Difference Difference
z | -1.61648 z | -1.76403
P(Z<=2) | ( 05299 P(Z<=2) | ( 13886
one-tail one-tail
z Critical |\ 4 54485 zCritical | 4 e1485
one-tail one-tail
P(Z<=2) | ( 10598 P(Z<=2) | ¢ 97772
two-tail two-tail
zCritical | 4 g5996 z Critical | 4 g5996
two-tail two-tail
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Conclusion

Significantly worse results in obstacle course testing of female cadets
compared to male cadets are attributed, among other reasons, to the fact
that female cadets did not have standards in a form of a scoring table.
Regardless of the absence of time limitation, the competitive spirit of
female cadets provided the normal distribution of results, i.e. the results
which could be used for table creation. Some of female cadets were not
motivated to compete, so their results were significantly below the rest of
the sample thus giving a higher mean value and a higher variance.

The table is made based on a sample of 189 female cadets from the
population of 202 female cadets, which can be considered as a
representative sample. The table testing was performed on the sample of
114 female cadets out of 122 female cadets, which also can be considered
as a representative sample. The best time was determined by rejecting 5%
of the best results, while the worst time, due to the fact that the scoring table
starts from 20 points, was determined by rejecting 25% of the worst results.
In such a manner, the best time was 3 minutes and 27 seconds for 100
points, while the worst time was 5 minutes and 29 seconds for 20 points.

Having in mind that time is measured in seconds, it was not possible
to do linear distribution of time values according to the point table. That is
why the spacing between neighboring points for better results is set to 1
second, while the spacing between neighboring points for worse results is
set to 2 seconds.

The obtained table was used to test four generations of female cadets
in 2014/2015 academic year. The descriptive statistics of the sample for
table creation and the sample for table testing has shown that the mean
values of the samples are different. By applying the z test, it is shown that
the mean values are statistically different, meaning that the introduction of
the table improved the mean value of the achieved results.

The zero hypothesis that the mean values differ for 45 seconds could
not be rejected, meaning that it can be claimed with statistical confidence
of more than 95% that the implementation of the table improved the
achieved results in average for 45s.

Two more hypotheses were set, where the mean values differ for 56
seconds and 57 seconds. By applying the z test, it was shown that the
hypothesis in which the mean values differ for 56 seconds cannot be
rejected, while the hypothesis in which the mean values differ for 57
seconds can be rejected, which leads to the conclusion that the
implementation of the table improved results, but for not more than 56
seconds.

715

Randelovi¢, M. et al, Table of obstacle course scoring results for military academy female cadets, pp.703-718



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2017, Vol. 65, Issue 3

The conduced research has shown that the implementation of a table
in the process of scoring of female cadets in obstacle course testing
undoubtedly improves the achieved results. It is shown that better results,
i.e. physical fitness of female cadets, are achieved by limiting the time for
passing obstacles, which is done by introducing a table. For future
research, it is suggested to keep track of scores of female cadets for the
next four years and, according to the same methodology, to form a new
table for the evaluation according to the proposed table from this paper.
The table should be created periodically until the mean values of the
results achieved by female cadets tested in accordance with new tables
are not statistically different from the mean values of the results of the
female cadets tested for table creation. In such a manner, after a few
cycles of research, a table which would be a real description of physical
skills of female cadets would be created.
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PA3PABOTKA OLIEHOYHOW TAB/NLLbI PE3YNTIBTATOB,
OCYLLECTBEHHbIX KYPCAHTKAMU BOEHHOW AKAEMUW,
MO TECTUPOBAHMUIO MPOXOXOEHWA MPEMATCTBEHHOW
Monockl

Mure M. Panaxenosuy?®, bosH Y. MunaHosuy®
YHuBepcuTeT 06opoHbl B benrpage, BoeHHas akagemusi, r. benrpaa,
Pecny6nuka Cepbusi
@ Kacbenpa h1snu4ecKoit KynbTypei
Kadbenpa BOEHHOM 9NEKTPOHHOWN TEXHUKN

OBNACTb: mexgucuunnuHapHas (ncmxogusnyeckas NoaroToBka,
ncuxonorus, pmsnyeckas noaroToBka)

BWO CTATbW: opuruHanbHas Hay4Has ctaTbs

A3bIK CTATbW: aHrnuickumn

Pe3some:

B daHHOU cmambe npedcmasrnieH rpouecc pas3pabomku OUEHOYHOU
mabnuubl M0 OCYUEeCMesIeHUr0  Pesynibmamos  KypcaHmkamu  rnpu
mecmupoegaHuu  MPoXox0eHUs1  npensamcemeeHHol  nonockl.  Tabnuya
paspabomaHa Ha  OCHO8aHUU  Pe3ysibmaimos,  OCYUecmerieHHbIX
KypcaHmkamu, 8 medeHue ux 4JembipexriemHe20 obydeHuss e BoeHHoU
akalemuu e berniepade. Mo paspabomke u eHeOpeHuUU OaHHOU mabnuubl
rposedeHo UCCIed08aHUE, C UESbIO YCIMAaHOBNEHUS 6MUSIHUSI OUEHOYHOU
mabnuybl Ha  OOCIMUXKEHUsSI Pe3yribmamos KypcaHmkaMmu 8 rpouecce
mecmupoeaHusi. AHanu3 uccriedosaHusi  fiokasas, 4mo  eHedpeHue
OUeHOYHOU mabnuypl  Moenusyiio  Ha  YIydweHUe  pesysibmamos
mecmupogaHUsI 1Mo MPOXOXOeHUIO MPersimcmeeHHOU 10sioCkl, 8 CPedHeM
YCKOpU8 MeMIT NMPOXOX0eHUSs Ha 45 cekyHO, Ho He ripesbicus 56 cexyHO.

Knrouesbie crosa: 4acmomHOCmb 108MOPSEMOCMU, KyMY/simugHoe

pacnpedeneHue, Z-mecm, KypcaHmMKU, oueHo4yHass mabnuya o
MPOX0XOEeHUI NMPensimcmeeHHOU rosioChl.
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M3PALA TABJIMUE 3A BOOOBAHE OCTBAPEHUNX PE3YJITATA
KAOETKMHA BOJHE AKAOEMWJE Y TECTY CABIIABUBAHA
MONNITrOHA NELWAONJCKNX MPEMNPEKA

Mure T. PanRenosuh?®, GojaH Y. Munatosuh®
YHuBep3auteT ogbpare y beorpaay, BojHa akagemuja, Beorpag,
Peny6bnuka Cpbuja
@ KaTegpa uanuke Kyntype
KaTeqpa BOjHOENEKTPOHCKOT MHXeHepCcTBa

OBNACT: nHTepgucumnnnHapHa (pasBoj Ncuxogusmyke CnpeMHOCTH,
ncuxornoruja, uandka obyka)

BPCTA YJTIAHKA: opyruHanHu Hay4Hu YnaHak

JE3WNK YJTAHKA: eHrnecku

Caxemak:

Y pady je npukasaH nocmynak u3pale mabnuue 3a 6odosar-e
ocmeapeHux pesynmama Kalemkurba  fpusiukoM  caenahuearba
rnonueoHa newadujckux npenpeka. Tabnuya je u3spaheHa Ha OCHog8Yy
pesynimama Koje cy kabemkure ocmeapursie MoKOM H4emeopo200ulliH-e2
wkonosaka y BojHoj akademuju y beoepady. HakoH chopmuparka u
umrnnemeHmauuje mabnuuye crnposedeHo je ucmpaxusaH-e Koje je
odzoeopusio Ha numare Oa nu ysohewe mabnuye 3a b6odosar-e y
npoyec mecmuparba Kademkur-a ymudye Ha ocmeapeHe pesynmame.
lMokasaHo je Oa je yeofjere mabrnuue 3a 6o0dosare KademKurba
ronpasusio ocmeapeHe pesynmame Ha 0fU2OHY  newadujcKux
rpenpeka y npoceky 3a 45 cekyHOu, anu He 3a suwe 00 56 cekyHOu.

KrbyuHe peyu: ghpexkseHuuja roHaerbarba, KyMyramueHa pacriofena, Z-mecm,
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Abstract:

The existence and uniqueness of a Kronrod type extension to the well-
known Gauss-Turan quadrature formulas were proved by Li (1994, pp.71-
83). For the generalized Chebyshev weight functions and for the Gori-
Micchelli weight function, we found explicit formulas of the corresponding
generalized Stieltjes polynomials. General real Kronrod extensions of the
Gaussian quadrature formulas with multiple nodes are introduced. In
some cases, the explicit expressions of the polynomials, whose zeros are
the nodes of the considered quadratures, are determined.

Keywords: Stieltjes polynomials, Kronrod extension, Gori-Micchelli
weight function.

Introduction

Let @ be an integrable weight function on the interval (-1,1). It is
wellknown that the Gauss-Turan quadrature formula with multiple nodes

,[_lla’(f)f(f)dt = i_zzsAi,vf(i)(Tv)-i_ E, (f)(neN;seN,) (1)
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is exact for all algebraic polynomials of degree at most 2(s+1)z—1, and
that its nodes 7, are the zeros of the corresponding (monic) s -ortogonal
polynomial 7, (f) of degree n which minimizes the following integral

2542

¢(a0 s al 7"'an71 ) = J:ll ﬂ-n (t) a)(t)dtn Where ﬂ-n (t) = tn + anfltnil +...+ Cllt + aO .

In order to minimize ¢, we must have

'[_ll o(t)r, (t)zs+ltkdt =0, k=01,.,n-1. 2)

which are the corresponding orthogonality relations. For s=0, we have a
case of the standard orthogonal polynomials.

Following the well-known idea of Kronrod (Gautschi, Milovanovi¢,
1988, pp.16-18), S. Li proposed to extend formula (1) to the formula (Li,
1994, pp.71-83):

n 2s ) n+l

[ o) a=>30,rC)+ > K, 1E,)+R,,(/) 3)
v=l i=0 u=1

where 7, are the same nodes as in (1), and the new nodes 7, and new

weights o,

iv?

K ,are chosen to maximize the degree of exactness of (3). It

is shown in (Li, 1994, pp.71-83) that we can always obtain the maximum
degree 2(s+1)n+n+1 by taking 7, to be the zeros of the polynomial

A

7., which we call the generalized Stielties polynomial, satisfying the

n+l>°
1

orthogonality property L ot)z,, (pt)r, () dt=0, al peP.

At the same time, Li showed that 7,,, always exists and is unique if it

_ 1
is monic. In the special case when o(r)= (l—tz) %2 he determined z,.

explicitly and obtained the weights in (3) for s =1 and s = 2.
Consider the following four generalized Chebyshev weight functions

olt)=0,0):0,()=1-) ", 0,()= -],

o, (t) _ (1 _ t)—l/Z (1 n t)1/2+s o, (t): (1 _t)1/2+s (l +t)1/2 .
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Bernstein (1930, pp.127-177) showed that the monic Chebyshev
polynomial (orthogonal with respect to a)l(t)Tn(t)/Z”_l) minimized all
. X ﬂn(l‘lkﬂ S
integrals of the form L m dt (k>0).

This means that the Chebyshev polynomials 7, are s—orthogonal on
(-1,1) for each s> 0. Ossicini and Rosati (1975, pp.224-237) found three
other weight functions @,(¢)i=2,3,4) for which the s—orthogonal

polynomials can be identified as the Chebyshev polynomials of the
second, third, and fourth kind: U,V ,W,, which are defined by

Un(t):sin(nﬂ)e v cos(n+%)t9 - sin(n+%)0

sing " t cos(6/2) e sin(6/2)
respectively, where ¢ = cos 0. Itis easy to see that W,(~1)=(-1)"V,(t).

Explicit expressions of the generalized Stieltjes
polynomials

For an arbitrary integrable weight function a)(t) on [-1,1], Li proved

that the generalized Stielties polynomial 7, exists and is unique up to a

n+l

constant factor. He considered the case when ()=, (¢), see (Galjak,
20086). In this case, it is known that 7z, (¢)="T,(¢)/2"" . Li obtained that

;%2(;)%(@@)_%%@)} and for 1> 2
O = (T, (0)=T,, (O) == -1, ),

2" 2"
Let first (¢)be w,(¢). In this case, it is known that 7z, (¢)=U, (¢)/2".

We have just proved the previous statement (Milovanovi¢, Spalevi¢, 2006,
pp.171-195), (Milovanovi¢ et al, 2006b, pp.22-28) and (Milovanovi¢ et al,
2009, pp. 246-250).
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Theorem 1. Let 7,,be the monic polynomial of degree n+1
satisfying the orthogonality relation

[[0=2)""% (@plo)z, ()" de=0, all peP,. @)
Then
. 1
ﬂ-nﬂ (t) = 2_;1 Tn+1 (t) (5)
Proof: In this case, orthogonality conditions (4) have the form
J'_ll (1-2)"2 (0% [U, ()" dt=0,k=0,L,...n (6)
We have
(1 - tz )S [Un (t)]2S+1 = Z ﬂjUn(2j+1)+2j (t)’ (7)
Jj=0
) (2s+1
Where 8, =27% (- 1){ . J
s=J

Conditions (4) can be written in the form
J: Vi-222, (@) (=2 [U, ()" de =0, k=0,1,...n. (8)

By using (7), the last conditions (8) obtain the form
\ ! \/—2~ k _
> B[ N1=02, (0 U 0y, (0)dE =0, k=0l1,...m. )
=0

Let #,,(t) be T,,(t)/2". By using (Monegato, 1982, pp.137-158)
2T, (1)U, (t)=U,, ,(¢) the integral under the sum in (9) for j =0 has the
form fl 1-£°T, , (t)tkUn(t)dt:%j_llx/l—tztkUzm(t)dt, and it is equal to 0
for k=0,1,....2n.

For j=1, the integral under the sum in (9) has the form
J'l\/l T, (t)'U,,, (¢)dt it | k=0, i
NI=27T,, o~ , and it is equal to 0 for k£=0,,...,n, if
3n+2>2n+1, which is always fulfilled. As for j=1, the same

conclusions for j>2 are obtained. Therefore, conditions (9) are fulfilled.

Finally, (5) holds because of the uniqueness of the generalized Stieltjes
polynomial.
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Let now o(¢)=w,(¢) and we have just proved the previous statement

(Galjak, 2006), (Milovanovi¢, Spalevi¢, 2006, pp.171-195), (Milovanovic,
Spalevi¢, 2003, pp.1855-1873).

Theorem 2. Let fznﬂ(t) be the monic polynomial of degree n+1
satisfying the orthogonality relation

[L0=0" 00 2, Op(0)a, (e =0.a pe B, (10
Then
n 2
(0= 2 e (11
(2n)
where Pn(l/z’fl/z)(t) is the orthogonal polynomial with respect to the weight

function w(t) = 1=t
1+¢
Proof: In this case, it is known that the corresponding monic

s —orthogonal polynomial of degree n is

n 2
T, (t):anVn (t)= 2"(n) P72)(1) where P""*2)(¢) is the ordinary

(2n) "

1+¢

orthogonal polynomial with respect to the weight function ()= T In
—t
this case, orthogonality conditions (10) have the form
1 12 s+
[[a=0) Q2,00 B> =0, for
4 um n (12)
k=0.1,....n
We have (Ossicini, Rosati, 1975, pp.224-237)
s | 5 (-1/2./2) s+l N
(+2) [P0 Zy, o (0), (13)

s cj”l 2S +1
where 7; =2

= 1 /(227 (1!
Catorn U8 iy Jand c, (2n) /(2 (n) )

The above conditions (12) can be written in the form

j1/1+ 70O (o) [POP (O] de = 0, fork = 0,1,....m. (14)

By using (13), the last conditions (14) obtain the form
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z J' \,1+ n+1 t P ZICill/fj( )dt 07 k:()’l’"'an' (15)

n (12 1.1
2(2(’1'))' (t—l)Pn[z’ 2j(t). By using
n)
11 11

A 00 20,0, where. , =(21-10(2n}) (Monegato

1982, pp.137-158), the integral under the sum in (15) for j =0 has the
form

j\/—P[2 2J(z)[ jzdt_kj«/——tU (¢)*dt,

Let 7,,,(¢) be

anditisequalto 0 for k=0,1,...2n—1. For j=1,2,...,s, the integrals
under the sum in (15) have the form

_[ 1/1+ )k PRI )P (¢)ek de, and they are equal to O for

k—O,l,...,n, if 2n+1<3n+1< n(2j+1)+j , Which is always fulfilled.
Using these conclusions, we have that conditions (15) are fulfilled. Finally,
(11) holds because of the uniqueness of the generalized Stieltjes
polynomial.

Let @ be an integrable weight function on the interval (a,b). Take
now a sequence of nonnegative integers o = (s,,s,,...) Forany ne N,
we denote the corresponding finite sequence (sl,sz,...,sn) by o, and

consider a generalization of the Gaurss-Turan quadrature formula (1) to
rules having nodes with arbitrary multiplicities

b n 2s, . o
[t} (@de=3"> 4,r"(,)+R(/) (16)
v=l i=0
Where 4,, = 4"z, =7 (i=0,1,...,25,;v =1,...,n). Such formulas
were derived independently by Chakalov and Popoviciu. A significant

theoretical progress in this subject was made by Stancu see (Milovanovic,
2001, pp.267-286).

In this case, it is important to assume that the nodes 7, =r£”’") are

ordered, say
7,<7,<..<7,,7T, € [a,b], (17)
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with odd multiplicities 2s, +1,2s, +1,...,2s, +1, respectively, in order to
have the uniqueness of the Chakalov-Popoviciu quadrature formula (16)
(Karlin, Pinkus, 1976, pp.113-141). Then, this quadrature formula has the

maximum degree of exactness d,, =2> s, +2n—1 if and only if
b n 2S|/+l
[TI-7) #olt)de=0, k=01..n-1.
a v=I1

The existence of such quadrature rules was proved by Chakalov,
Popoviciu, Morelli and Verna, and the existence and uniqueness subject to
(17) by Ghizzetti and Ossicini (Ghizzetti, Ossicini, 1995), (Milovanovic,
2001, pp.267-286), and also by (Milovanovi¢, Spalevi¢, 2002, pp.619-637).
Conditions (17) define a sequence of polynomials

T T (t)= ; t—rlno) T(”’”)<r(”’”)<...<r(”"’), o) ¢ a,bl,
{ ”,O'}neNo n,a() H( v 1 2 n v

v=l
2s,+1

b n
such that [z, ([ Te—r")  ole)dr=0, k=01,...n-1.
a4 v=l
These polynomials are called o - orthogonal polynomials and they
correspond to the sequence o z(sl,sz,...). We will often write simple 7,

instead of 7,"). If we have & =(s,s,...), the above polynomials reduce to

the s - orthogonal polynomials.

General Kronrod extensions of the Chakalov-
Popoviciu quadratures

Let o, =(s7,53,055 ) (5], € Ny, st =1,2,..,m)  Following the well-
known idea of Kronrod (Gautschi, Li, 1990, pp.315-329), we extend
formula (16) to the interpolatory quadrature formula

n+l 25

ff (=33 B, £ )+ S5 C O )R, (1) (18)

v=l i=0 u=1 j=0
where r, are the same nodes as in (16), and the new nodes z'; and new

weights B Cﬂf’ ;.. are chosen to maximize the degree of exactness of (18)

IR

which is greater than or equal to
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i(st +1)+i(2sz +1)+m—1:2(2”:sv +is;j+n+2m—l.

v=l u=l v=l u=1

We called quadrature formula (18) the Chakalov-Popoviciu-Kronrod
quadrature formula. The particular case is the Gauss-Turan-Kronrod

quadrature formula, if s, =s,=...=5, =s. In the theory of the Gauss-
Kronrod quadrature formulas, the important role is played by the Stieltjes

polynomials Enﬂ(x) whose zeros are the nodes r;, namely

n+l

En+l(x):H(t_T;)

Gori and Micchelli (Li, 1994, pp.71-83) have introduced for each n an
interesting class of weight functions. Consider a subclass of the Gori-
Micchelli weight functions,

,,(t)= {UTl(l)} (1 —tz)H/z, 1e{0,l,...,s}. (19)

In the particular case /=0, (19) reduced to the Chebyshev weight
function of the first kind o, (1 t )1/2 In this case,

(n 2,00, =((s=1)/2,5—1.. l,(s—l)/2)) when quadrature formula
(18) has the form (r] = 1% 1)

n_2s n_2(s=I)

[ 100, 0= 338, 7006, )+ 3 5260, b H(E ) € 70,

yz]o

(20)

Theorem 3. In the Kronrod extension (20) of the Gauss-Turan
quadrature formula (16) with the weight function (19), and for n>2, the
corresponding generalized Stieltjes polynomial

E,Ei?(r)(o-,m (s=1)/2,5=Lss =1,(s~1)/2)) is given by

n+1 (t _1)U" \( .i.e., the nodes 7, (1 =2,...,n) are the zeros of
U,, (t) (the Chebyshev polynomial of the second kind of the degree
n-1),and 7, =—1,7,,, =1.

When quadrature formula (18) has the form
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n+l 2s

f A=) a=3 38, /) ST R () @

v=l i=0 p=1 j=0
we have just proved the previous statement (Galjak, 2006), (Milovanovi¢
et al, 2006a, pp.291-305), (Milovanovic et al, 2006b, pp. 22-28).

Theorem 4. In the Kronrod extension (21) of the Gauss-Turan
quadrature formula (16) with the weight function a)z(t):(l—tz)lms the
corresponding generalized Stieltjes polynomial E( )( ) (0;1 = (s,s,...,s)) is

n+l1
given by EC)(()=7 (1), i.e., the nodes 7 (1 =1..,n+1) are the zeros
of T

n+l

When quadrature formula (18) has the form (z'l* :—1)

If M- () =3 Y B, 1)+ 83, 10 s gc:,lf‘”(—nmn(f), (22)

v=l i=0 u=2 j=0

we have just proved the previous statement.

(t) (the Chebyshev polynomial of the first kind of the degree 7 +1).

Theorem 5. In the Kronrod extension (22) of the Gauss-Turan
quadrature formula (16) with the weight function @, (r)=(1—7)""(1+¢)"*
the corresponding generalized Stieltjes polynomial
ES)0) (05, =(s/2.5....5)) isgiven by E)(0)= 1+

2

)
() (the

Chebyshev polynomial of the fourth kind of the degree n), and rl =-1.

. . B /2,1
ie. the nodes 7, (u=2,.,n+1) are the zeros of P!

When quadrature formula (18) has the form (7. T, =1).
J‘f 0)4 dt zszvf zzcj,yf(/)(r;)+ch,n+1f(/)(1)+Rn (f)’ (23)
v=l i=0 u=1 j=0 Jj=0

where 0)4(t)=(1—1)‘1/2(1+t)l/2” is the Chebyshev weight of the fourth

kind, in a similar way as in the previous case, the previous statement can
be proved.

Theorem 6. In the Kronrod extension (23) of the Gauss-Turan

quadrature formula (16) with the weight function o, (t): (l—t)_l/2 (l—r—t)w”
the corresponding generalized Stieltjes polynomial
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ET)0) (07, =(s.5.....5/2)) is given by E7)(r)= (¢ =1)P1212)(r),

n+l n+l

ie., the nodes 7 (u=1..,n) are the zeros of P">"?(¢) (the

Chebyshev polynomial of the third kind of the degree ), and 7., =1.

n+l
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SKCIMIMMUNTHBLIE BbIPAXEHNA OJ1A OBOBLWEHHBLIX
NMOOMHOXECTB CTUNTBLECA

JlunsHa P. MNayHoBWY
YHuepcuTteT B lNpuwtnHe—Kocosckon Mutposuue, Negarornyeckun
dakyneTeT B [NpnspeHe—Tlenocasuye, Jlenocasud, Pecnybnunka Cepbus

OBJNIACTb: maTtemaTtuka
BWO CTATbW: o63o0pHas ctatbs
A3bIK CTATbW: aHrnuickuin

Pe3some:

YHUKanbHOe rpuMeHeHuUe meopuu pacwupeHusi yHkyul KoHpoda
omHocumernbHO keadpamypHol ¢hopmyrnbl [aycc-TiopaHa dokasan Jlu
(Li, 1994, cmp.71-83). OnpedenieHbl 3KCrMUUUMHBIE 8blpaxeHusi Ons
0606UeHHbIX MoOMHOXecme Cmunmbecarno OMHOWEHUK K8eco8bIM
yHKyusm  Yebbiwwesa u eecosbiM  pyHKyusam  opu-Muwennu.
OnpedeneHo pacwupeHue @yHKkyuli KoHpoda o keadpamypHol
gopmyrne [aycca ¢ y3rnamu MHO204/IeHa.

B omlernbHbix criydasix  onpedesieHbl  SKCAMUUUMHbIE  8bIPaXEHUs
MHOXecms, Hyfu  KOmOpbIX Sefsomcesi  y3namu — uccredyembix
kealdpamyp.

Knouesbie  criosa:  nodMHoxecmea Cmunmbeca,  pacuwupeHue
¢yHkyul KpoHpoda, opu-Muwennueecosasi QoyHKUUSI.

EKCMIIMUNTHU N3PA3W YOTTWUTEHMX CTUNTJECOBNX
NMONMMHOMA

JburbaHa P. NayHoBuWh
YHusepautet y MpuwtnHu — Kocosckoj MutpoBuLM, Yunterscku gakynteT y
Mpu3speHy — Ilenocaswuhy, llenocasuh, Peny6nuka Cpbuja

OBNACT: maTemaTuka

BPCTA YJ1IAHKA: npernegHu ynaHak
JE3VK YJTAHKA: eHrnecku
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Caxemak:

EasucmeHyujy u jeduHcmeeHocm KpoHpodosux ekcmeHsuja 3a 0o6po
nosHame [ayc-TypaHoee kealOpamypHe ¢hopmyne Ookasao je [lu (Li,
1994, cmp.71-83). O0pefieHu cy ekcruyumHu u3pasu 3a yornumeHe
Cmunmjecose nonuHome y o0OHocy Ha Yebuweerbege MEXUHCKe
yHKYUje, Kao U y OOHOCYy Ha MeXUHCKY cpyHkUuujy [opu-Mudenu.
HegpuHucaHa je KpoHpodosa ekcmeH3uja 3a [aycoee keaOpamypHe
gopmyrie ca euwecmpykum 4eoposuma. Y HeKUM CriydYajesuma
o0pefieHU cy eKkcnnuyumHu uspasu rosluHoOMa, Yuje cy Hyse 4e8oposu
rnocmamparux keadpamypa.

KrbyuHe peyu: Cmunmjecosu rnonuHomu, KpoHpodosa ekcmeH3uja,
meXXuHcKa ¢byHkyuja Mopu-Mudenu.
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Abstract

The international ISO 9001:2015 standard for quality management system
(QMS) is widely implemented in this country, especially in business
organisations and in public administration. The Standard was created in
1987; it was revised and amended in 1994, 2000 and 2008, the latest
amendments being of the largest scope. Compared to the previous ISO
9001:2008 standard, this standard does not require a complicated manual
fo be devised: instead of six, it needs no documented procedures now and
only 18 prescribed reports are required in comparison with 21 in the
previous version. The organisations that have already certified their
standards to comply to the earlier ISO 2001:2008 standard have to adopt
the new standard now, and no later than 2018. One of the greatest
problems in this transition is designing the required databases necessary for
the practical implementation of the new standard. The solution proposed by
the authors is a general model with six priority databases: Documented
information database; Measuring, control and testing equipment database;
Qualified personnel database; Complaints on process output nonconformity
database; Costs of process output nonconformity database and Plant and
work equipment maintenance database.

Key words: Priority databases, Quality Management System, ISO
9001:2015 standard.
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Introduction

International Quality Management System (QMS) ISO 9001:2015
(ISO 9001:2015) Standard implemented in this country in business
organisations and in public administration comes as a replacement of the
earlier, ISO 9001:2008 standard. Hence the organisations that have
already certified their standards to comply with this earlier standard now
have to adopt the new standard of the quality system model,
ISO 9001:2015, no later than September 2018. General preparations in
the international 1ISO organisation commenced with the CD version (May
2013), then the DIS material was prepared for the accreditation bodies
(February 2014), followed by creating the FDIS materials for the
certification bodies (March 2015) and for organisational transition, as
presented in the chart in Figure 1. The genuine ISO 9001: 2015 standard
(ISO/TS 9002: 2016), (ISO 9000: 2015), (ISO/TC 176/SC 3ISO/NP 10015)
eventually appeared in September 2016.

2013 2018 08 2016 2008

May February  March September September  September

[=+] DIs FDIS fonal dard
150 9001:2008
1S09001:201§ 2 mmmmmmmssm--——-——

I =" Natons Standard
Tramlaton 1 Releared l
National Standardisation Bodies™ = = = = = === %
Accreditation Bodies @=0o0o_ @ m e [
| Accreditaton Update Trameon I

Cantification Bodles) . oo ST s TR0 | 150 90012015 CorvAcation
Trainers
Auditorupgrade === =z@zw 0z 0m=mss=====
Certified Organisations - .-. R
SectorSchemes = 320w mmememse---

Figure 1 — Official transition from ISO 9001: 2008 standard to ISO 9001: 2015
Puc. 1 — OgbuyuanbHbil nepexod ¢ ISO 9001: 2008 cmarHdapma Ha ISO 9001: 2015
Cnuka 1 - lponucaHu npena3 ca cmaHOapda ISO 9001:2008 Ha ISO 9001:2015

The number of international standards in the integral management
system increases and organisations are faced with the problem of
updating. It is expected that the majority of organisations in Serbia will
have successfully adopted the new standard by the given deadline (by
September 2018), whereby it is necessary that our organisations should
revise and amend the required 18 prescribed reports and, on the basis of
these, design the databases necessary for an effective and rational
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implementation of the quality management system. The previous
considerations have shown that the metal industry, on the basis of the
requirements of the earlier versions of ISO standards, as of ISO 9001: 1994
and I1SO 9004-1: 1994, requires the implementation of six priority
databases: 1. Quality and work assurance procedures database;
2. Customer complaints and claims database; 3. Qualified personnel
database; 4. Measuring, control and testing equipment database;
5. Complaints on process output nonconformity database and 6. Costs of
process output nonconformity database and 6. Plant and work equipment
maintenace database (Mileti¢, 2001a). Under the assumption that these
six databases are also priority databases for the practical implementation
of new ISO 9001: 2015 standard, this paper presents a comparative
analysis of a large body of information and data required to form a QMS
subsystem, in compliance with the previous version of ISO 9001:2008
standard and ISO 9001: 2015 standard. Following the requirements of
ISO 9001: 2015 standard, priority databases have been designed in order
that an organised and systematic gathering, processing and permanent
storage of necessary information and data should be provided for the QMS
subsystem of the organisation.

QMS Subsystem According to ISO 9001:2008

ISO 9001: 2008 standard presented in the chart in Figure 2 (Popovic,
2014), (ISO 9001: 2008), (ISO 9000: 2005) replaced an earlier adopted
ISO 9001:2000 standard which, as a model of quality management
subsystem (QMS), was considered to rely too much on paperwork hence
increasing the risk, the uncertainty and the costs of quality management
(Sroufe, Curkovic, 2008, pp.503-520). ISO 9001:2008 standard is one
model of the System of business organisation subsystem that observed
the key principles of quality management (Popovi¢, Todorovi¢, 1998) listed
in ISO 9000 and ISO 9004 standards. Internationally recognised, it makes
a quality framework for product and service monitoring and improvement.

Similarly to the earlier version, the implementation of ISO 9001:2008
standard is based on observing customer requirements; however, the
terms are changed. Hence the term “qualifications® is replaced by the term
“‘competence”, “service is replaced by “service provision®, and “product
release” is replaced by the term “product acceptance®.
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Continual improvements of the
Quality management system

ISO 9001
consu- [ @ Mo CONSU-
anagemen
MERS respobsibility 4 MERS
(STAKE- (s ) (STAKE-
HOLDERS) 1SO 9001 1SO 9001 @ HOLDERS)
Item 6 Item 8 ) .
Assets Measuring, === Satisfaction
management analyses and
1SO 9001 [
Requirements Item 7 Process
outputs 1t

Figure 2 — Relations between the QMS subsystem and ISO 9001: 2008 standard
Puc. 2 — Cxema nodcucmem QMS u ISO 9001: 2008
Cnuka 2 — lllema nodcucmema QMS npema cmaHdapdy ISO 9001:2008

ISO 9001:2008 standard requires a process-based quality
management model where the effects were the efficiency and customer
satisfaction improvement, improvement of quality, cost reduction as well as
financial performance improvement of the business (Armistead, Machin,
1997, pp.886-898) and it has an impact on effective planning and control
of necessary activities (Vanhaverbeke, Torremans, 1999, pp.41-52). The
process approach encompasses all the requirements of the standard
(4. Quality management system, 5. Management responsibility,
6. Resource management, 7. Process output accomplishment, 8. Testing,
analyses and improvements). In terms of requirements concerning
information and data on operations procedures, this standard (ISO 9001: 2008)
also requires six documented actions. These are: 1. Document
management procedure, 4.2.3; 2. Record management procedure, 4.2.4;
3. Internal audit procedure, 8.2.2; 4. Defect treatment procedure, 8.3;
5. Corrective action procedure, 8.5.2; 6. Preventive action procedure, 8.5.3
as well as creation of 21 Records (1. Record on the subsystem to be
submitted by the management 5.6.1; 2. Record on education, training,
knowledge and experience 6.2.2; 3. Record on evidence that processes
and outputs satisfy the requirements 7.1d; 4. Record on input elements for
design and development 7.3.2; 6. Record on design and development
audit 7.3.4; 7. Record on design and development recognition 7.3.5;
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8. Record on design and development validity 7.3.6; 9. Record on design
and development assessment 7.3.7; 10. Record on supplier assessment
7.4.1; 11. Record on the realisation process validity 7.5.2d; 12. Record on
the process output traceability 7.5.3; 13. Record on the customer property
7.5.4; 14. Record on equipment not being calibrated due to absence of
national standards 7.6a; 15. Record on equipment non conforming to
calibration 7.6; 16. Record on the calibration of measuring, control or test
equipment 7.6; 17. Record on internal subsystem audit 8.2.2; 18. Record
on the authority to control process outputs 8.2.4; 19. Record on
nonconforming process outputs 8.3; 20. Record on corrective action 8.5.2e
and 21. Record on preventive action 8.5.3d).

QMS Subsystem According to ISO 9001:2015
Standard

The new ISO 9001:2015 standard also has a quality management
subsystem (QMS) as presented in the chart in Figure 3. This is a
subsystem within the Organisation System.

g

4. Context of .~ Quality assurance system '\\
organisa-- \
tuion | i
: S — k\‘ I Customer
i ! satisfaction
Planning Executio !
4 ! Al
Customer 4 . S -
requirements; : N / S
| |
<> < »| ] I
| / > \ / |
' o \/ S
Y o A I\
_ i 43 X i -
g i Adjustme Testing i Process
4.2 | = ) i output
Understanding - — i
stakeholders’ " i
needs ~. < -

Figure 3 — Relations between the QMS subsystem and ISO 9001: 2015 standard
Puc. 3 — Cxema nodcucmem QMS u ISO 9001: 2015
Cnuka 3 — lllema nodcucmema QMS npema cmandapdy ISO 9001:2015

Its implementation is expected to: 1. establish the vision of a long-
term development of the organisation and the process output quality policy
meant to meet customer needs and requirements; 2. enhance the
introduction of business planning for the purpose of: achieving business
goals, preventing problem emergence and involving the interest of
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stakeholders (owners, customers, employees) while simultaneously
establishing the criteria and actions for tracking the achievement of goals
and assessment of the results achieved, 3. establish a clear internal
allocation of competence and authority based on documented actions for
the purpose of minimizing employees’ errors, and create basis for fact-
based decision making through documented tracking of work execution
and 4. improve the relationship between the owner(s)/management and
the employees through fostering open communication. This standard
does not require any documented procedures at the moment
(ISO/TC 176/SC 3ISO 10002: 2014), (ISO/TC 176/SC 31SO 10004: 2012),
(ISO/TC 176/SC 21SO 9004: 2009). Also altered are the requirements as
regards the earlier ISO 9001:2008 standard; however, a relationship
between individual standards as shown in the chart in Figure 4 can be
established.

No. Database titles 1ISO9001:2008 | 1SO 9001: 2015
1 Database for subsystem review by the 56.1 3. PERSONNEL
management (KAD):

2 Database for education, training, knowledge 6.2.2 931,72
and experience
3 (?fatarlcl))gsses\g:h evidence of conformity 7.1d 5 QUALITY
P . COSTS (TRO):
Database for process output review
4 . X 7.2.2 8.1,8.2.2
and for required actions
Database for input elements of design and
5 7.3.2
development
6 | Database for design and development review 7.3.4 1. DOCUMENTED
Database for design and develepment INFORMATION
7 R 7.3.5 INF):
verification 633 (8 y 4)' 636
8 | Database for design and development validity 7.3.6 e
9 | Database for design and development review 7.3.7
10 | Database for supplier assessment 7.4.1 4. COMPLAINTS
. . (REK):
11 | Database for realisation process validity 7.5.2d 84.1,842 85.1,
12 | Database for process output traceability 7.5.3 8.5.2
13 | Database for customer property condition 754 6. MAINTENANCE
14 Database for uncalibrated equipment without 76a (ODR):
national standards ’ 8.5.3,7.1.5
15 Database for equipment nonconforming to 76 2. MIK
calibration ) EQUIPMENT
Database for calibrated measurement, testing (MIK):
16 . 7.6
and control equipment 715
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No. Database titles 1ISO9001:2008 | 1SO 9001: 2015
17 | Database for internal audit of the system 8.2.2 3. PERSONNEL
18 | Database for process output auditor authority 8.24 g(mD;Q
19 | Database for process output nonconformity 8.3 4. COMPLAINTS
20 | Database for corrective actions 8.5.2e 8.4.1 ,(EEE),:S.S.L
21 | Baza podataka za preventivne akcije 8.5.3d 8.5.2

Figure 4 — Overview of the priority databases according to ISO 9001:2015
Puc. 4 — O630p npuopumemHbix 6a3 0aHHbIX 8 coomeemcmesuu ¢ ISO 9001: 2015
Cnuka 4 — lNpeaned npuopumemHux 6ba3za nodamaka npema ISO 9001:2015

The new ISO 9001:2015 standard now requires the following 18
records to be kept: 1. Record on the quality policy 5.2; 2. Record on the
quality objectives 6.2; 3. Record on the results of the audit conducted by
the management 9.3; 4. Record on education, training and experience
7.2f; 5. Record on the scope of trust that the planned processes have been
accomplished 8.1c; 6. Record on the results of the preview of
requirements for process outputs 8.3.3; 7. Record on the information
describing the provider valuation results 8.4.2; 8. Record on the
documented information for external suppliers 8.4.3; 9. Record on
documented information on external suppliers’ characteristics 8.4.3;
10. Record on the unique identification of the origins of process outputs
7.5.3; 11. Record on customer’s property that is lost, damaged or
unsuitable for use 7.5.4; 12. Record on the results of change preview and
employees that approve of change 8.5.6; 13. Record on the conformity of
monitoring and control devices 7.1.4; 14. Record on the programme
implementation and audit results 9.2e; 15. Record on the authorised
employees who accept the outputs of processes for customers 8.7;
16. Record on the nature of nonconformity with subsequently undertaken
actions 8.8; 17. Record on the nature of nonconformity of subsequently
undertaken corrective actions 10.2 and 18. Record on the results of
monitoring and audit (measuring, testing, control) 9.1.1.

Priority Databases According to ISO 9001: 2015

In order that a company successfully release and launch new
products, it is necessary that it should understand and correctly meet the
requirements of its customers, of the market and of its competition, as well
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as manage the product life cycle and integrate people, data, processes
and business systems (Day, 1981, pp.102-124). As an intellectual product,
software is a significant investment that has to be justified in terms that it
satisfies the user's needs at an expected level (Pordevi¢, 2017, pp.102-
124), which is accomplished in practice by using various models (Pavlovi¢,
Karovi¢, 2015, pp.144-149).

The integrated database model, according to ISO 9001: standard
model, enables retrieving and using data and information essential for
quality achievement throughout all the phases of the product life cycle
(Chang, Mills, 2015) as well as an effective and rational management in
the organisational quality subsystem. The new standard can be expected
to require maintenance of a number of necessary databases. However, it
has been proven that, to satisfy the requirements of the subsystem of
quality for quality management in business organisations it suffices to start
from the following six established priority Databases: 1. Documented
information database (INF); 2. Measuring, control and testing equipment
database (MIK) (Popovi¢, 2002), (Mileti¢, 2001b) 3. Qualified personnel
database (KAD); 4. Complaints on process output nonconformity database
(REK) (Miletich, Richkova, 2010, pp.8-10), (Popovi¢, Todorovi¢, 2000);
5. Costs of process output nonconformity database (TRO) (Mileti¢, 2001c)
and 6. Plant and work equipment maintenace database (ODR) (Popovic,
1993). Figure 5 presents the requirements of the standard concerning the
priority databases.

Quality management is in the area of system management where a
set of instantaneous actions or actions conducted during a space of time
affects the system with the aim to accomplish the objectives of the system,
namely, of management. Management involves the tasks of defining the
method of management out of a set of admissible managerial actions as
well as conducting managerial actions. The method of management is
defined using either exact methods or in an empirical/intuitive manner. The
former procedure requires the system model, the management goal, the
management criterion and a defined set of applicable managerial actions,
with variable values (of input, management, state and output) in order that
accurate and reliable results be obtained. In the latter case, defining the
method of management is based on experience, good practice, behaviour
of other similar systems, intuition of people responsible for defining the
method of management as well as other methods that cannot be
measured, the result, of course, being less accurate and less reliable
outputs. Figure 6 presents an example of the ,Database“window.
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Documented information database (INF)

7.5 Documented information

6.4 Work environment

4.1 General requirements L
E £ | 4.2 Understanding organisation and its
i3 context
g § | 4.3 Establishing the object and area of. 1.1 General regulations
= E" quality management system 1.2 Implementation > 3
4.4 Quality management system @ 4.1 General requirements g ?:,i
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i 4.2 Requirements of I
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S
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E 5.3 Roles, responsibilities and 5.2 Orientation towards
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=
|
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7.6 Measurement, control and
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7. Process output realisation

8.7 Management of process output
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10. Improvement

10.1 Improvement implementation

“ 8.5 Quality management system|
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<
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<
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Figure 5 — Overview of the prescribed a requirementsccording to ISO 9001: 2015
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and ISO 9001: 2008
Puc. 5 — 0O630p ycmaHoeneHHbix mpebosgaHul, 8 coomeemcmeuu ¢ ISO 9001: 2015
u ISO 9001: 2008
Cnuka 5 — lNpeaned nponucaHux 3axmesa ripema ISO 9001:2015 u ISO 9001:2008
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The first priority Process database (documented information, INF),
according to the ISO 9001:2015 standard requirements 8.3.3, 8.3.4 and
8.3.6 includes: a manual, process maps, process flow diagrams and/or
process descriptions, procedures, instructions for work or for testing,
organisational schemes, job descriptions, quality plans and measurement,
testing and control methods, plans of business operations, audit, training,
internal audit and similar information.

This database makes it possible to describe the quality management
system of the organisation, to provide information to related organisational
parts to ensure a better understanding of their relationships, to help the
employees understand their role in the organisation and to create a clear,
efficient work framework, establish a basis for order and harmony in the
organization, ensure compatibility in work based on documented
information as well as to ensure documented bases for Quality
management system verification.

=| Microsoft Werd - Document]
=| File Edit View Insert Format Jools Table Window Help
= Pragram Manager [=1=1el

7| File Options Window Help =

Baze podataka [=1=1

=

Fostupci Mema,
cbezbedienja | kontrolna i
kvaliteta. | ispitna oprema

eeeeee

| Baee pod:

[l ]]

[&x Ln Cal [1z38 | [REC| [MEE| [E=T]| [OVR| FA/FH

Figure 6 — "Program Manager” window with the window ,Databases*
Puc. 6 — OkHo "Program Manager" ¢ okHomMm "ba3bl 0aHHbIX"
Cnuka 6 — lNpo3op ,,Program Manager” ca npo3opom ,ba3e nodamaka”

The starting point is the "Main Menu” and the List of procedures field
(List of procedures, Preview of the quality assurance procedures records,
Preview of the work procedures records, Entry of a new quality assurance
procedure, Entry of a new work procedure) whereby the choice of
equipment enables: a) search of already entered assurance procedures,
b) search of already recorded work procedures, c) entry of a new
assurance procedure or work procedure, d) recording a new assurance
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procedure or work procedure, e) assignments regarding an assurance
procedure or a work procedure and f) final activation.

a) The search of already filed procedures is effected by: 1. Groups of
procedures (U1, U2, U3, M, R1,R2, N, P, T, K1, K2, K3, I, S, A, S and O)
and 2. Procedures (e.g., from group N: N1 Selection of eligible supplier
procedure, N2 Procedure of data collection on suppliers, N3 Selection of
eligible supplier procedure, N4 Procedure of preparing a contract on
material procurement, N5 Procedure of complaining of nonconformity of
the materials, N6 Acceptance of procured material procedure, N7
Procedure of recording procured materials).

b) The search of already filed work procedures is carried out by
Organisational units (Research of market demand (IST), Management of
organisaton (RUK), Process output quality management and assurance
(UPR), Process output design and development (PRJ), Planning and
preparation of execution (PLA), Personnel training and record keeping
(OBU), Material and equipment procurement and storage (NAB),
Technology realisation (REA), Process output quality control (KON), Process
output sales or distribution and storage (PRO), Process output installation
(UGR) and Process output servicing or maintenance (SER). Figure 7
presents the window Search in selection of the N group of procedures and the
provision procedure N3 Selection of eligible supplier procedure.

c) Entry of a new provision procedure or work procedure, by
procedures or by organisational units, involves filling-in the record cards,
namely, “Product or service provision procedure record“ and “Work
procedure record® forms that include the following data: Number of
procedure, ldentification of procedure, Work identification, Identification of
operation, Identification number, Title of procedure, Objective of
procedure, Responsibility record with a procedure sample, Controller,
Manager, Archivist, Director, This procedure is conducted following, This
procedure affects the procedures, Responsibility for this procedure is
delegated to, Authorised person for procedure execution, Authorised
person for interpretation and alterations in the procedure, This procedure
is designed by, Date, Surname and name, Signature sign, This procedure
is approved by, Date, Surname and name, Signature sign, Responsibility
record with a procedure sample, Controller, Manager, Archivist, Director.

d) Record of a new procedure of the (product or service) provision
procedure or a work procedure contains the following data: Record of
responsibilities of the Quality assurance controller with a sample of the
procedure that is kept in his/her work documentation, Record of
responsibilities of the Operations assurance manager with a sample of the
procedure that is kept in his/lher work documentation, Record of
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responsibilities of the Archivist in the design department with a sample of
the procedure that is kept in his/her Quality management manual, Record
of responsibilities of the Quality department director with a sample of the
procedure that is kept in his/her Quality management manual, Date of
assuming the responsibility, Number of issue, Copy number, Surname and
name, Job position, Signature sign.

Preg dnih postupaka rada

VN [ [ IO O G2 N G 2 1 N
Grupe postupaka: Postupak obezbdenja kv aliteta

On Postupak obezbedenja kvaliteta u nabavci

Pregled pre ftampe élampanje

Figure 7 — Example of the window “searching” according to the group of processes
and the providing procedure
Puc. 7 — lNpumep okHa "Mouck" no epynne npouyeccos u npouedypbi obecrnevyeHust
Cnuka 7 — lNpumep nposopa ,[lpempaxusara” no epynu nocmynaka
u nocmynyuma obe3behera

e) Assignment of the assurance procedure or work procedure by
procedures or organisational units contains the following data: Quality
assurance controller, Organisational sector manager, Archivist, Quality
department director, Date of assuming the responsibility, Number of issue,
Copy number, Surname and name, Job position, Signature sign.

f) Final activation (Print preview and Printing).

Measuring, Control and Testing Equipment
Database (MIK)

The second priority database, Measuring, control and testing
equipment database (MIK), according to 7.1.5 requirement of ISO 9001: 2015
standard includes planned, procured, metrologically approved,
metrologically verified, recorded, distributed and maintained measurement,
testing and control equipment. It starts from the “Main Menu“window and
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the “Select type of equipment (Measurement equipment, Testing
equipment, Control equipment)” field; this selection of type of equipment
enables: a) search of already filed data, b) entry of data about new
equipment, c) position of the metrological verification of the recorded
equipment, d) preview of recorded equipment and e) final activation (Print
preview and Printing).

a) The search of already entered data is done by: 1. identification
number, 2. inventory number, 3. standard name of equipment,
4. workshop in which the equipment is to be used, 5. process output or
6. part of the process output for which the equipment is used,
7. method of processing or 8. installation in which the equipment is used
as well as at 9. processing or installation line in which the equipment is
used.

b) Entry of new data about new equipment involves filling in the
forms: “Measurement equipment record®, “Control equipment record” and
“ Testing equipment record“, where the following is recorded: General
data, Data on metrological verification, Data on adjustments, Data on
repairs, in such a manner that one piece of the existing and one piece of
the newly procured equipment is entered in each of the records. General
data include the following data: registration (Registry book, Sequence
number, Identification number, Inventory number, Number of pieces,
Factory, Process output, Part, Operation, Line), Names (Standard name,
Manufacturer's name, Manufacturer, Type, Model, Factory number, Year
of manufacture, Accessory equipment, Instructions), characteristics (Name
scope, Least value, Inaccuracy, Uncertainty) and metrological comparison
(Standard, Periodicity). Data on metrological verification contain the
following: Date of verification, Verified by the laboratory, Following date,
Verification result, Seal and Signature signs. Data on adjustments include
the following: Date, Adjustment result, Seal and Signature signs. Data on
repairs include the following: Date, Repair result, Seal and Signature
signs. Figure 8 shows a window with an example of the measuring
equipment record for the Sliding calliper, identification number 1001.
Figure 9 presents a window with an example of testing equipment for a
Spectrometer, identification number 2881501. Figure 10 shows a window
with an example of the record of control equipment for Control fork 71*30
(-0.1), marked with number 13.

¢) The position of the metrological verification of recorded equipment
includes the following data: metrological verification (callibration, gauging,
adjustment), repair and inspection of equipment. Equipment callibration
contains the following data: issuing an order for callibration and verifying
the state of callibration. Issuing the order for callibration involves a certain
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authorised laboratory, following an entry of data into the ”Order for
metrological verification of equipment® form in order to obtain legalisation,
i.e., get a licence for work and implementation in industry, with verifications
(date, name of laboratory, next date of inspection, verification result, Seal
and Signature of the person responsible signs).

MIK oprema

Osnovni podaci | Podaci o kalibrisaniu | Podaci o daterivaniu | Podaci o popravkama |

Registracija:

Knjiga: Redni broj: Identifikacioni broj: Inventarski broj: Broj primerka:
1 1 1001 1
Fabrika-Pogon: Proizvod: Deo: Operacija: Linija:
Istra, alatnica

~ Nazivi:
Standardni naziv: Proizvodatev naziv: Proizvodat:
kljunasto merilo GDM
Tip: Model: Fabricki broj: Godina proizvednje
Dodatna oprema: Uputstva:

zaduzen;Vojinovi¢ Milan

~ Karakteristike:

Nazivni opseg (mm, pm, rad, sr): Najmanja vrednost (mm, pm, rad, sr):
0-200mm 0,02
Netatnost (Ya): MNesigurnost (mm, pm, rad, sr):

~ Metrolosko poredenje (treeability):
Etalon: Perioditnost:
1 god

Record: 14| « [ ¢ | vi|v#] of 113 (Filkered)

Figure 8 — Example of the window ,Measuring equipment card”
Puc. 8 — lNpumep okHa " XKypHan uamepumernbHo2o obopydosaHus*”
Cnuka 8 — lNpumep npo3opa ,,KapmoH mepHe onpeme”

ISPITNE (814D 1002881501  Spektrometar

Dsnovni podaci | Podaci o kalibrisaniu | Podaci o doterivaniu | Podaci o popravkama |

Registracija:

Knjiga: Redni broj: Identifikacioni broj: Inventarski broj: Broj primerka:
1 2881501 2881-501 1

Fabrika-Pogon: Proizvod: Deo: Operacija: Linija:

Laboratorija

~ Nazivi:

Standardni naziv: Proizvodatev naziv: Proizvodat:

Spektrometar ESLAB

Tip: Model: Fabritki broj: Godina proizvodnje

Dodatna oprema: Uputstva:

T Karakteristike: - i
Nagzivni opseg (mm, pm, rad, sr): Najmanja vrednost (mm, pm, rad, sr):

Netainost (%6): Nesigurnost (mm, pm, rad, sr):

~ Metrolotko poredenje (trceability):
Etalon: Perioditnost:
2god

Record: 14| « [0 » [ v1es] of 6(Fiterad)

Figure 9 — Example of the window , Testing equipment card*”
Puc. 9 — lNpumep okHa "KypHan ucribimamesibHo20 obopydosaHus"
Cnuka 9 — lNpumep nposopa ,KapmoH ucriumHe onpeme”
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The establishment of the state of the metrological verification of
equipment enables a check of the date or the next date of verification in
order that it should be determined whether a given piece of equipment is
allowed to be used, or when the said piece should undergo the next
metrological verification (Date, Laboratory, Next date, Verification result,
Signature sign and Verified). Adjustment includes the following data: Date,
Adjustment result, Seal and Adjustment expert signature signs). Repair
includes the following data: Date, Repair result, Signs for seal and
signature of the person who did the repair.

KARTON KONTROLNE OPREME [¥] 71*30(-0.1)
P | Osnovni podaci | Podaci o kalibrisaniu | Podaci o dotstivaniu | Podaci o popravkama |
Registracija:
Knjiga: Redni broj: Identifikacioni broj: Inventarski broj: Broj primerka:
1 13 13 ] 1
Fabrika-Pogon: Proizvod: Deo: Operacija: Linija:
Strugara
= Nagzivi:
Standardni naziv: Proizvodatev naziv: Proizvodai:
T1#30(-0.1) Kontrolna raéva "ISTRA™
Tip: Model: Fabritki broj: Godina proizvodnje
Dodatna oprema: Uputstva:
T Karakteristike:
Nazivni opseg {mm, pm, rad, sr): Najmanja vrednost (mm, pm, rad, sry:
29.9-30mm
MNetatnost (%) Nesigurnost (mm, nm, rad, srj:
~ Metroloiko poredenje (trceability):
Etalon: Perioditnost:
2god.

Record: 4] « [0 v [ w1 4] of 288 (Filtered)

Figure 10 — Example of the window ,Control equipment card*”
Puc. 10 — lNpumep okHa ">KypHan koHmMponsHo2o obopydosaHus"
Cnuka 10 — Npumep npo3sopa ,KapmoH KOHMporiHe onpeme”

d) The inspection of recorded equipment includes the following data:
inspection of the measuring equipment for metrological verification for the
next month, the current and the next dates.

e) Final activation (Pre-print preview and Printing).

Qualified Personnel Database (KAD)

The third priority database — Qualified personnel database (KAD),
according to requirements 9.3.1 and 7.3 of ISO 9001: 2015 standard,
includes planned and employed professionals in the organisation. It starts
from the windows “Main Menu“ and the “General data“ field (Personal
data, job position data), Data on the employee’s qualifications, Results of
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the employee over the probation period (of work), Data on the employee’s
training, Data on the employee’s experience and Data on the employee’s
motivation; this choice of the type of data enables: a) search of the already
filed qualified personnel, b) entry of data on new qualified personnel,
c) preview of the qualified personnel file, d) preview of the general data
related to qualified personnel and e) final activation.

a) The search of the already filed qualified personnel is carried out by:
1. general data (Personal data, Data on the job position/workplace),
2. data records on the employee’s results during the probation period,
3. data records on the employee’s education, 4. data records on the
employee’s experience and 5. data records on the employee’s motivation
at his/her workplace.

b) Data entry on new personnel includes recording in the form:
“Qualified employee record“ where the following is filled in: 1. Personal
data (Surname, father’s name, (maiden name) and the first name, Day,
month and year of birth, Place and county of birth, Unique master citizen
number, Identification card and passport number, Residence address,
Apartment, Home phone number), 1. Workplace data (Organisational unit,
Workplace number, Workplace name, Workplace complexity coefficient,
Type of employment, Location, Workplace phone number), 3. Records on
the employee’s performance during the probation period (Type of
probation work, Name of workplace, Workplace number, Length of
probation period, Evaluation grade on probation), 4. Data records on the
employee’s education (Type of education, Degree of education, Course
route or profession, Course profile, Internal title, Length of education, Has
a diploma of), 5. Data records on the employee’s work experience (Type of
work experience, Experience in profession, Experience in academic rank,
Experience in professional rank, Experience in the course route,
Experience in profile, Period of experience) and 6. Data records on the
employee’s motivation at his/her workplace (Type of motivation, Level of
motivation, Degree of motivation).

c) The preview of the personnel database is conducted on: General
data, Records of performance during the probation work period, Data
records on the employee’s education, Data records on the employee’s
work experience and Data records on the employee’s motivation at his/her
workplace.

d) The preview of general data is conducted on: Personal data and
Workplace data.

e) Final activation (Print preview and Printing).
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Complaints on Process Outputs Nonconformity
Database (REK)

The fourth priority database - Complaints on process outputs
nonconformity database (REK), according to requirements 8.4.1, 8.4.2,
8.5.1 and 8.5.2 of ISO 9001: 2015 standard, includes complaints on
nonconformity of own and others’ process outputs (semi-products,
products, documentation or services). It starts from the window “Main
Menu“ and the “Sales programme* field (Code of process output, Name of
process output, Unit of measure and single cost of process output) and
filing these data on the process output that was complained about enables:
a) search of complaints on nonconformity, b) notification of a complaint,
c) processing a complaint, d) resolving a complaint, e) preview of resolved
complaints and f) final activation.

a) The search of sales programme is conducted by: 1. Purpose of
complaint (ldentification of complaint, Process output consumers,
Contract, Dispatch note, Name of process output, Structure, Part and
Material of process output, Number of nonconforming and Mass of
process outputs, Description of a complaint, Date of a complaint, Date and
Name of person making a complaint and Claimant signature sign),
2. ldentification of a complaint (Identification number, Level 1-5),
3. Process outputs (Code, Name, Unit of measure, Price of process
output), 4. Resolving a complaint (ldentification of a complaint, Factory,
Organisational unit, Process output, Design, Workplace, Material of
process output, Number of nonconforming, Consumed mass, Wasted
mass, Description of a complaint, Date of a complaint, Date, Name and
Signature of person making a complaint and person entering a complaint,
as well as Costs of a complaint), 5. First identification (ID 1A, ID 11, Name
1), Second identification (ID 2A, ID 12, ID 22, Name 2), Third identification
(ID 3A, ID 13, ID 23, ID 33, Name 3) and Fourth identification (ID 4A, ID 1,
ID 2, ID 3, ID 4, Name 4). Figure 11 presents a window with an example of
nonconformities.
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B 02naka reklam Bl Resavanie reklamacij '7 i Cetvita oznaka I
—la T
IBR A 2 IBRR
Oznaka 18O
Kupac Fabrika
Ugovor Organizaciona jedinica
Otpremnica Proizvod
Proizvod Deo
Sklop Crtez
Deo - Radno mesto
Materijal Materijal
Br_neispravr Br_neispravnih
Masa Utroseno sati
Opis Baufena masa Co—
Datum Opis
Ime b Datum
Potpis j Ime
B Potpis
Uneo
Troskovi

Figure 11 — Example of the window ,search for claims on nonconformities”
Puc. 11— lNpumep okHa "nouck npemeH3uli no degpekmam”
Cnuka 11 — lpumep npo3opa 3a ,Apempaxusare peknamayuja HeucripagHocmu”

b) Notification of a complaint includes completing the “Notification of a
complaint” form by entering the following: Sequence number, Customer
name, Contract number, Dispatch note number, Process output name,
Structure, Part and Material of the process output, Number of
nonconforming and Mass of process outputs, Description of a complaint,
Date of a complaint, Name of the person making a complaint, Signature
sign, Identification of a complaint (Level 1-5). Figure 12 shows a window
with an example of Notification of a complaint.

== == Hedni broj:
Prijava reklamacije “
& || Kupac: Ugovor: Otpremnica: Proizvod:
1IBC 12734 165 KFR-ventil
Sklop: Deo: M aterijal: Br_neispravnih:| Masa:
182.534 Opruga &.1312 10 3.40
Opis:
Veniil se ne ponasa kao nepovraini jer opruga ventila ne pokazuje dobru
fleksibilnost
D atum: Podnosilac reklamacije: Potpis:
05-01-98 |Marko Jovié &
Oznaka lnivo: 2mnivo: 3.nivo: 4nivo: Snivo: Uneo:
reklamaciie: 1< I 1 l Ky I Py I 16 l M.Jovic

o= =

Record: 14| <[] 1 > |»1|r*%]| of &

Figure 12 — Example of the window ,Notification of complaints”
Puc. 12 — lNpumep okHa "Ydyem npemeH3ul"
Cnuka 12 — Npumep npo3opa ,[Npujasa peknamayuje”
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c) Processing a complaint is done by organisational wholes (IST,
RUK, UPR, PRJ, PLA, OBU, NAB, REA, KON, PRO, UGR, SER) as well
as by process output.

d) Resolving a complaint is conducted by: Identification of a
complaint, Factory, Organisational unit, Process output, Part of process
output, Design, Workplace, Material of process output, Number of
nonconforming, Wasted mass, Description of a complaint, Date of sending
a complaint, Names and Signatures of claimants and the person that filed
a complaint, Costs of the complaint and the Name of the person who
resolved the complaint.

e) Preview of resolved complaints by organisational whole as well as
by process outputs.

f) Final activation (Print preview and Printing).

Costs of process output nonconformity database (TRO)

The fifth priority database - Costs of process output nonconformity
database (TRO), according to requirements 81 and 822 of
ISO 9001:2015 standard includes planned and incurred costs related to
process output nonconformity (semi-products, products, documentation or
services).

The fifth priority database - Costs of process output nonconformity
database (TRO) includes all planned and incurred costs related to process
output nonconformity. It starts from the window “Main Menu®“ and the
“Select the type of equipment® field (Measuring equipment, Testing
equipment, Control equipment); such a selection of equipment type
enables the following: a) search of already filed data on costs, b) reporting
new data on costs, ¢) preview of diagram charts and d) final activation
(Print preview and Printing).

a) The search of already recorded data on costs is conducted by:

I. Organisational wholes (1. Research into market needs (/ST),
2. Designing process outputs (PRJ;), 3. Development of process outputs
(PRJ,), 4. Planning and preparation of execution (PLA), 5. Procurement
and storage of materials and equipment (NAB), 6. Realisation of
technologies (REA), Fitting or installing process outputs (UGR) and
Servicing or maintenance of process results (SER), 7. Management and
quality assurance of process outputs (UPR) and process output quality
control (KON) and 8. Sales or distribution and storage of process outputs
(PRO)); Il. Organisational competences (1. Prototype design, 2. Making of
prototype, 3. Inspection of prototype, 4. Prototype storage, 5. Process
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output creation, 6. Delivery, 7. Servicing, etc.); lll. Organisational business
(1. Processing, 2. Installing, 3. Transport, etc.); IV. Cost caused by
(1. Energy, 2. Material, 3. Information); V. Organisational phases (1. Prior
to process, 2. During the process, 3. After the process); VI. Organisational
processes (1. Shaping, 2. Misshaping, 3. Separation, etc.);
VII. Organisational operations (1. Forming from liquid, 2. Forming from
pulp, etc.); VIII. Cost elements (1. Raw material, 2 Tools, 3. Auxiliary tool
set, 4. Machinery, 5. Management) and IX. Cost caused by (1. Length
values, 2. Values of forms, etc.).

b) Notification of new data on costs includes filing in a “Notification of
nonconformity costs“ form where the following data are entered: Sequence
number, Factory name, Organisational whole, Process outputs, Part, Design
and Material of process results, Workplace, Number of nonconforming items,
Number of hours spent, Amount of recovery costs, Wasted mass of material,
Description of costs, Names of the controller and software developer, Signature
sign and nine identifications of cost levels (1, 2, 3, ..., 9).

c) Preview of diagram charts is conducted by: Factory name,
Organisational whole, Process outputs, Workplace and Part of process output,
Number of hours spent, Amount of recovery costs and Wasted mass of
material and nine identifications of cost levels (1, 2, 3, ..., 9). Figure 13 presents
the window for the preview of costs due to nonconformity at level 1.

= Microsoft Access S[EFEEEAE] [=1=]

Baza p o troskovi kvalitreta
[ E[ID1S) ] (=) U [ o]

=| Graficki pregled rezultata 1. nivo

Upisati naziv firme!
Troikoviu organizacionim celinama
LEGENDA:

200 272
|EILllrusenn sati

350 B Broj neispraunih

OBacena masa

Form View 1 7
Figure 13 — Example of the window for search of the nonconformities costs at level 1
Puc. 13 — lNpumep okHa 0nsi noucka 3ampam no 0echekmam Ha yposHe 1
Cnuka 13 — lpumep npo3opa 3a rpeanedare mpowkosa HeucrnpasHocmu Ha 1. Hugoy
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The presented cost values at level 1 demonstrate that they are
highest in the second organisational whole (Designing process outputs
(PRJ;) due to a wasted mass of 372 kg of material.

Figure 14 presents the window for the preview of costs incurred by
nonconformities at level 2. These results show that the highest costs are
incurred in prototype making (Development of process outputs (PRJ,)) due
to a wasted mass of 204 kg of material.

d) Final activation (Print preview and Printing).

= Microsoft Access FEEEEEEEE

Baza podataka o troskovima nekvalitreta
[ EEDE] ) EE EIEI e o]
=

Graficki pregled rezultata 2. nivo
Troskovi u razvoju prototipova Upisati naziv firme!

Troikoviu delatnostima

250

= Troskovi u delatnostima 2. nivo

-
.
i —t 39
50 P}
o

Foim vieo ] o o 5 ]
Figure 14 — Example of the window for search of the nonconformities costs at level 2
Puc. 14 — MNpumep okHa Ansi noucka 3ampam rno 0eghekmam Ha ypoeHe 2
Cnuka 14 — lNpumep npo3opa 3a rpeanedarbe MpPowKosa HeucrnpasgHoOCmMu Ha 2. HU8oy

Power and work equipment maintenance database
(ODR)

The sixth priority database, Power and work equipment maintenance
database (ODR), according to requirements 8.5.3 and 7.1.2 of ISO 9001: 2015
standard, includes the organisation’s own power equipment (generators,
compressors, ventilators, water, water purifiers) and technological
equipment (machinery, tools, auxiliary equipment, cranes, transporters)
and enables a complete inventory record of equipment and the overall
maintenance of equipment. It starts from the window “Main Menu“ and the
“Power and work equipment® field (Machinery, Tools, Auxiliary equipment,
General data); this choice of equipment type enables: a) search of already
entered data, b) entry of data on power and work equipment, c) preview of
filed equipment and d) final activation.
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a) The search of already recorded data is done by: 1. Machinery
(Records, Maintenance, Maintenance staff), 2. Tools (Records,
Maintenance, Maintenance staff), 3. Auxiliary equipment (Records,
Maintenance, Maintenance staff) and 4. General data (Classification of
machinery according to purpose, Type of machine, Machine group,
Classification of machines according to overall dimensions, Classification of
machines according to speed of operation, Machine subsystems, Company
name). Figure 15 presents the window used to search General data.

B3 Opsti podaci

Podela matina po nameni:

Vrsta matina: Obradne Grupa: Magine za odeecanje
Vista: - Naziv:

Matine za odsacanje Tastera krufna

Maiine za obradu krajeva Tastere okvirme

strugovi Teastere trakaste

Butilice

Glodalice

Brusilics
T

Namena:
Obradne
Montaine
Radne
Fogonske

D

i3
E3

# [ ]I+

P TR TTI
cord: 14 4 cord: 14 4 b | M rE| of

[Record: 1o | > [ e e

Podela magina prema gabaritu: Podela magina prema brzini rada: Podsistemi madine

Gabarit: Brzina rada: Podsisiem masine: -
sporohodne | Elektricni
Nottaalne Preumatski =
Etzohadne Hidranlidki

Sistemn podmazivanja
Mehanicki

Record: 14 4 b [ #1|e#||[ Record: 14 4 b | ML |b#| of | Record: 14 4

Naziv firme: I il Zatvori

Figure 15 — Example of the window for General data research
Puc. 15 — lNpumep okHa 0nsi noucka Obwux ceedeHuli
Cnuka 15 — lNpumep rpo3opa 3a npempaxusare onwmux nodamaka

Male
Sredije
Velike

b) Entry of data on power and work equipment involves recording
data in the “Equipment record® form, where the following data are filled in:
Sequence number, General data on equipment (Photography, outline or
scheme of equipment, Name of equipment, Manufacturer, Manufacturer’s
name of equipment, Type of equipment, Factory number, Year of
manufacture, Year of procurement, Work field of equipment, Inventory
number, Work position, Group of equipment), Data on the driving power of
equipment (Power kW, Voltage V, Electricity A, Frequency of turn min™),
Data on parts of equipment (Equipment part name, Part manufacturer,
Equipment part type, Power, Frequency of turn), Annexes to equipment
(Instructions for use, Schemes, Designs, Electrical scheme, Hydraulic
scheme, Lubrication scheme), Review of change in equipment precision
(Period, Precision/Accuracy), Data on spare parts (Part name, Product,
Type, Identification, Number of pieces, Note), and Data on inspections,
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repairs or overhaul of equipment (Inspection, repair or overhaul, Provider
of works, Term, Note).

c) Preview of filed equipment is done by: Data on equipment (Group,
Subgroup, Classification according to overall dimensions, Classification
according to speed of operation, Manufacturer, Manufacturer's name, Factory
number, Year of manufacture, Year of procurement, Work field of equipment,
Inventory number, Work position, Identification of working condition), Parts of
equipment, Driving power of equipment, Maintenance of equipment
(Maintenance staff, spare parts, Machine group), Annexes to equipment,
Equipment failures and Change in equipment precision. Figure 16 presents a
window with the data on the Universal tool milling machine ALG-200B.

Staiparnt wvestaji

Stampani izvestaji

=] Izhor Stampe

Grupa
Podgrupa: . P .

9 Podaci o magini
Podela po gabaritu: Ea'dmml
Podela po brzini rada =1 Delovima makine odriavanja
Proizvodad: . ,
Proizvodadev naziv: # Pogonu ma¥ine Rezervni delovi
Tip opreme: q .

# Odriavanju ma¥ine "
Fabriéki broj: | Srupe maina

Godina izrade: ® Prilozima za matinu | Vrsta:
Godina nabavke:
Radno podmigje: #® Otkazima mafine

Grupa:
Inventarski broj: # Promeni preciznosti | |IEEEY
Radno mesto:

* Radi (l Pronadi . Swampa

Record: 14| « | [0 » [mi[v#] of B

Figure 16 — The window for research of the data for the Universal tool milling machine
Puc. 16 — OkHo Onis1 moucka 0aHHbIX MaluHbl YHU8epcanbHbIl UHCMpPYMeHmarbHbIU
ppe3epHbIl cmaHoK
Cnuka 16 — lNpo3op 3a npeznedar-e nodamaka MalwuHe yHueep3asHe anamHe
2nodanuue

d) Final activation (Print preview and Printing).

Conclusion

International Quality Management System (QMS) ISO 9001:2015
Standard implemented in this country in business organisations and in
public administration comes as a replacement of the previous,
ISO 9001:2008 standard. Compared to the previous ISO 9001:2008
standard, this standard does not require a complicated manual to be
devised: instead of six, it needs no documented procedures now and only
18 prescribed reports are required in comparison with 21 in the previous
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version. The organisations that have already certified their standards to
comply with this earlier standard, ISO 9001: 2008 standard, now have to
adopt the new standard of the quality system model, ISO 9001:2015, no
later than September 2018. A serious problem in this transition from the
earlier to the new standard is the design of necessary databases. For the
purpose of successful transition to the new ISO 9001: 2015 standard and
an effective quality management system, the authors analysed the
required data and information resulting from the requirements of this
standard and designed six priority databases that they propose as
necessary to implement in manufacturing industry. Using the six priority
databases for which conceptual and programme solutions are devised, the
organisations that have already certified their quality systems to comply
with the earlier standard can make a safe and fast transition to the new
ISO 9001: 2015 standard and thus manage quality in an efficient and
rational manner even before the given deadline (September 2018).
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OBJIACTb: koMnblOTEPHBIE Haykn, MHGOPMaTKKa, ynpaBneHne Ka4ecTBoM
BWO CTATbW: o630pHas ctaTbs
A3bIK CTATbW: anrnunckuii

Pe3some:

MexdyHapoOHbIt cmaHdapm cucmembl MeHedxemeHma kadecmea 1SO
9001: 2015 8 Cepbuu umeem secbMa WUPOKOE MPUMEHEHUE, 0OCOOEHHO
8 KOMMEPYECKUX Op2aHu3ayusix U 8 20cy0apCmeeHHOM yrpaesrieHuu.
CmaHdapm bbin paspabomar 6 1987 200y a nepebie UsMeHeHUs1 bbiu
gHeceHbl 8 1994 200y, a 3amem e 2000-om u 2008--om 20dax, o6bem
USMEHEHUU ¢  KaxObIM  pasoM  yseriuquearics, ynpowasi
dokymeHmoobopom rpu e2o eHedpeHUU Tak, Harpumep, o CPasHeHUIo
¢ npedbidywum cmaHdapmom ISO 9001: 2008, nocrnedHuli cmaHOapm
He mpebyem croxHbIX PearnameHmos, 8Mecmo wecmu, menepb 806ce
He mpebyemcss rnpogedeHue OOKyMeHmMUpo8aHHOU rpouedypbi U
emecmo 21-20 menepb docmamoyHo rodzeomosums 18 npednucaHHbIX
omyemos. OpeaHu3ayuu, Komopble yXe cepmuguuuposaHbl Ha
coomeemcmeue ¢ npedbidyuum cmaHdapmom ISO 9001: 2008 dormkHbI
nepelimu Kk HogoMy cmaHOapmy 0o ceHmsbps 2018-20 eo0a. OOHol u3
OCHOBHbIX npobrieM 8 3moM nepexolde sensgemcss co3daHue
Heobxo0umMbix 6a3 daHHbIX, KOmopble He0bXx00uUMbI Ol NPaKMUYecKo20
MpUMeHeHUs HOB8020 cmaHOapma. Aemopbl cmambu 8 Kavyecmee
peweHus1 amou rpobnemel, npednazarom 06wy Modesib, COCMOSILYO
uz wecmu npuopumemHbix 6a3 OaHHbix: baza OaHHbIX O
OoKkymeHmoobopomy; ba3za OaHHbIX 10 Uu3MepuMeribHoOMy,
KOHMPO/IbHOMY U UcribimamersibHoMy obopydosaHuto; basza daHHbIX Mo
nepcoHany; basza OaHHbIx Mo npemeHsusiMm Ha dechekmbi; basa daHHbIX
rno 3ampamam Ha Oehekmnbl; U basza OaHHbIX MO 3Kcryamauuu u
mexHU4YeckoMy obcryKugaHuro paboye2o 0bopydosaHusi.

Kritoyesblie crnosa: npuopuTeTHbIe Basbl AaHHbIX, cucmema yrnpasneHust
ka4ecmeom, cmaHOapm ISO 9001: 2015.

MPOJEKTOBAHE NMPUNOPUTETHMNX BA3A NMOOATAKA 3A QMS
HA OCHOBY CTAHOAP[IA 1SO 9001:2015

JburbaHa 3. Munetuh, Aya [1. JoBaHouh, @usnun M. JoBaHoBUN,

BecHa B. bByxa

YHusepanter EDUCONS y Cpemckoj KameHuumn, ®akynteT 3a NpojekTHU U
MHOBaUMOHM MeHaLMeHT, Beorpag, Penybnuka Cpbuja

OBJ1ACT: padyHapcke Hayke, MHdOpMaTKKa, ynpaBibake KBannTeToM
BPCTA YJIAHKA: npernegHu ynaHak
JE3UK YJTIAHKA: eHrnecku
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Caxemak

MehyHapodHu cmaHOapd 3a Cucmem yrpasrbarba Keanaumemom ISO
9001:2015 uma y Hac eeomMa LIUPOKY MPUMEHY, HapOYUmo y rpuepedHUM
opeaHu3sayujama u jasHoj yripasu. Cmardapd je Hacmao 1987, a pesudupaH
Je 1994, 2000. u 2008. 20duHe, ceaku rym y3 cee eehe usmeHe, a rnocriedru
nym u y3 Hajeehe npomeHe. Y 00HOcy Ha npemxolHu cmaHdapd ISO
9001:2008, oeaj cmaHOapd He 3axmesea u3paly KOMITIUKO8aHO2
MpUPyYHUKa, ymecmo wecm cada Huje nompebaH HujedaH OOKyMeHmosaHu
rocmynak, a ymecmo 21 cada je dogorbHO 18 nporucaHux ussewmaja.
OpeaHusauuje koje cy eeh uepmucgbukosarsie ceoje cucmeme rpema paHujem
cmaHOapdy ISO 9001:2008 cada mopajy da ripehy Ha Hosu cmaHOapo,
HajkacHuje 0o cenmembpa 2018. 2o0uHe. JedaH o0 eehux npobriema y ogom
ripeniacky npedcmaerba uspada rnompebHux b6as3a rodamaka Koje cy
Heornxo0He 3a rnpakmu4Hy rMpuUMeHy Hosoe cmaHdapda. Kao pewere o8oe
rpobriema aymopu rpedrnaxy 2eHepasiHu MoOesT ca wecm rpuopumemHux
basa rnnodamaka: basa 3a JoKymeHmMoeaHe uHghopmauuje; basa 3a MEPHY,
KOHMPOIHy U ucrnumHy onpeMmy; 6asa 3a cmpydHe Kadpose, basa 3a
peknamauuje HeucripasHocmu pe3ynimama npoueca; 6asa 3a mpouwkose
HeucripasHocmu pesynimama rpoueca u ba3a 3a o0p)kasar-e Mo20HCKe U
padHe orpeme.

KrbyyHe pedu: npuopumemHe 6ase nodamaka, cucmem yrpasrbarba
keanumemom, cmaHdapd ISO 9001:2015.
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Summary:

This paper explains the application of the TRIZ methodology (Theory of
Solving Inventive Tasks) in the field of solving a technical problem in a
decontamination tanker. TRIZ is one of the most suitable scientific and
innovative methodologies for solving problems, based on a systematic
and logical approach, developed as a result of studying a great number of
patents. The correct use of a decontamination tanker identified a harmful
function related to preparing the decontamination solution in the on-board
reservoir itself, which disabled the supply of drinking water.

The function used to extend the use of decontamination tankers to
delivery of drinking water was achieved using the Inventive Principles and
Alshtuler’s Contradiction Matrix, both known to be very efficient TRIZ
methodology tools.

Key words: TRIZ methodology, harmful function, technical system,
technical contradiction, contradiction matrix, inventive principles.
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Introduction

The decontamination tanker M-78 (ACD M-78) is a special vehicle
adopted by the Serbian military (in CBRN service units) with its main
application in radiological, chemical and biological decontamination of
personnel and technical equipment (http://www.mycity-military.com, 2016).
Apart from this application, it can also be used for personnel's hygiene, fire
extinguishing, technical water supply, pumping water out flooded areas,
soil chlorination, etc.

The tanker is served by a certain number of people- personnel. In
order for the personnel to be able to carry out their tasks, the vehicle is
equipped with the following: a device for personnel decontamination,
device for decontamination of technical equipment, soil decontamination
kit, reservoir filling kit, illumination kit, water pumping and fire extinguishing
equipment, as well as equipment for heating the pump and hose
instalations. The vehicle is given in Fig 1:

Figure 1 — Decontamination tanker M-78
Puc. 1 - AemoyucmepHa 0ns dekoHmamuHayuu M-78
Cnuka 1 — Aymomoburn yucmepHa 3a 0ekoHmamuHauyujy M-78

The decontamination accessories in the ACD M-78 are: shower
collectors; shower packs; working hoses (20 and 10 m long); nozzles;
hand sprayers; distribution hose (branches) and a collector.

The accessories help with the final and total radiological, chemical
and biological decontamination of the personnel and technical means, with
the option of radiological soil decontamination, object decontamination and
fire extinguishing. Radiological decontamination refers to elimination of
radioactive contaminants off a contaminated surface. A decontamination
process strives towards a complete elimination of radioactive contaminants
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off a certain surface, and if this is not possible, then it is done to an extent
that does not impose a danger in practice.

One of the Serbian army's missions is to support civilian government
in fighting safety threats, as well as in case of natural disasters, industrial
and other accidents and epidemics.

Over the recent years, Serbian army units have been engaged all
over the country on numerous tasks- one of the most known ones to the
public being the floods in Obrenovac. One of the main and most important
tasks during these engagements is to enable water supply for the civilians
( for example, in Kraljevo after the 2010 earthquake, in UzZice after the
contamination of the accumulative lake Vrujci, in Obrenovac, Trstenik,
Svilajnac and many other places around the Republic of Serbia after the
floods that happened in May 2014).

During the realization of these tasks, it was noticed that there was a
lack of the necessary number of water tankers in order to fulfill the
population’s needs.

The main technical problem that was noticed during the use of the
ACD M-78 was the exclusive use of the tanker water for technical
purposes (bathing, dish washing, clothes washing, etc.), and not for
drinking. The main reason for this limited use of the tanker was that the
substance solution for decontamination was prepared in the tanker’s
reservoir. Substances for decontamination are chemical compounds or
mixtures which have the ability to react with poisonous chemical
substances (PCS), to break them down or neutralize biological agents or
help eliminate CBRN contaminants. Calcium hypochlorite and sodium
hypochlorite are mostly used as decontamination substances.

There is a question of finding new ways to expand the technical
possibilities of the ACD M-78, to use it not only for supplying technical
water used for CBRN decontamination, as it has been the case until now,
but also for supplying drinking water, which is a realistic need. The TRIZ
methodology is suitable for solving the described problem (Raji¢ et al,
2006, pp.489-501), (Raji¢, Cabarkapa, 2016, pp.701-704).

Determining a harmful function of a
decontamination tanker

A decontamination tanker is seen as a technical system (TS) where
there is an identified harmful function ( a technical problem) which refers to
the preparation of the substance solution for decontamination in the
reservoir - which disables supply of drinking water due to its contamination.
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Solving this problem would enable a new useful function in the tanker, which
would increase the operating ability of the units and would contribute to the
successful problem solving in case of natural disasters.

By applying TRIZ it is possible to solve the existing technical problem
in the tanker i.e. discover how to eliminate the harmful function. The
Inventive Principles and Contradiction Matrix have been proved to be the
most often used tools in practice for solving the existing technical problems
(Raji¢ et al, 2016, pp.95-150). A graphic display of the useful and harmful
functions of the ACD M-78 is shown in Figure 2.

The useful tanker functions for decontamination come from its basic
applications, and those are: radiological, chemical, and biological
decontamination of personel and technical means, technical water supply,
fire extinguishing, soil chlorination, pumping water out the flooded areas, etc.

By considering the need for the tanker to be used for drinking water
supply, its harmful function was noticed- the inability to supply drinking
water due to the fact that the preparation of the chemical solutions for
decontamination was performed in the tanker itself.

Determining the harmful function imposed a question: What can be
done so that the tanker, apart from its original application, could also be
used for supplying drinking water?

RADIOLOGICAL CHEMICAL BIOLOGICAL
DECONTAMINATION DECONTAMINATION DECONTAMINATION

OTHER USEFUL
FUNCTION (fire
extinguishing, soil

clorination, pumping

water out)

DECONTAMINATION
CAR CISTERN
ACD M-78

\ TECHNICAL
WATER SUPPLY

PREPARATION OF THE
SOLUTION — SUBSTANCE
FOR DECONTAMINATION IN
RESERVOIR

DRINKING
WATER
SUPPLY

DRINKING
WATER
SUPPLY

TRIZ SPECIFIC
PROBLEM SOLUTION

DRINKING
WATER SUPPLY

USEFUL SYSTEM FUNCTION

HARMFUL SYSTEM FUNCTION

Figure 2 — Graphic representation of the useful and harmful functions in ACD M-78
Puc. 2 — NsobpaxeHue rnonesHbix U 8pedHbix pyHkuul AL M-78
Cnuka 2 — paghuyku npukas KOpUCHUX u wmemHux ¢yHkyuja ALY M-78
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Solving this problem would establish another useful tanker function
which would technically improve it - enabling the supply of drinking water,
with the ultimate aim of increasing the units' efficiency level in delievering
given tasks in emergency situations.

It is possible to solve the highlighted technical problem by applying
the Inventive Principles and Contradiction Matrix, as the basic tools of the
TRIZ methodology.

Basic tools of the TRIZ methodology

The Theory of Solving Inventive Tasks (TRIZ) is a well-known and
often used methodology in the developed parts of the world. TRIZ as a
method of solving technical contradictions was developed by a scientist
and inventor Genrich Altshuller (15.10.1926 - 24.09.1998). The Theory of
Solving Inventive Tasks is a methodology of solving problems in a
systematical and logical way. This methodology is based on the axiom:
»the evolution of all technical systems happens according to the objective
laws». The application of the TRIZ methodology is a part of creative
thinking (creatology), which should be the main tool on the route between
a problem and its solution.

TRIZ is used worldwide. On a daily basis, it is used at 35 most
prestigious universities and in more than 500 most powerful and leading
world companies (Siemens, Boeing, NASA, Rolls Royce, Intel, XEROX,
Motorola, HILTI, etc.).

This methodology leads an innovator towards the solution of a
technical problem (new invention or approach or improved existing
innovation or approach) in the shortest possible way and with the minimum
use of resources. Compared to other methods of creatology which are
used in the innovation work, TRIZ is considered to be the most efficient
methodology based on the view that an invention is not a matter of
inspiration- but on the contrary- an exact science. (Raji¢ et al, 2016,
pp.81-349).

TRIZ uses the Inventive Principles (40 established principles,
including segmentation, extraction, local quality, asymmetry, universality,
consolidation, etc.) and the Contradiction Matrix as its basic tools. The
Inventive Principles solve technical contradictions, while the Contradiction
Matrix gives us a chance to choose the most effective Inventive Principle
that needs to be applied in order for the problem to be solved. A
contradiction is a problem that appears within a subsystem of a complex
tecnical system ( cars, planes, cranes, etc.), as a consequence of the
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improvement of certain parameters of the complex technical system. For
instance, it is necessary to lower a car's weight by replacing the shell
material with a more modern material, without putting passengers' safety
at risk.

There are certain parameters or characteristics for the description of
every technical system. Some of them are: power, voltage, pressure,
reliability, moving object’s mass, adaptability, complexity of devices, etc.,
and they are contained in the Contradiction Matrix, dimensions 39X39.

The schematic representation of a part of the Contradiction Matrix is

given in Table 1.
Table 1 — Contradiction Matrix
Tabnuua 1 — Mampuua npomugopeyuti
Tabena 1 — Mampuuya npomuspe4Hocmu

W ing Ch teristi
CHARACTERISTICS orsening ~naractenslies __ IPRINCIPLES
1 2 3 4 5 6
15, 29,
Mobile object’s 8, 29, 17 .
1 mass 34 38, Segmentation | 1
34
10, 35, 30
2 Stationed object’s 1, 13, 2 Extraction 2
mass 29,
35
. - 8, 15, 15,
.3 :\élr?b;:? object's 29, 17 Local quality | 3
8 9 34 4
2 35, 17,7
9 Stationed object’s 28 10, 40
3 4 length 40, Asymmetry 4
§ 29
) Mobile object’s 2,17, 14,15 e
2 5 surface 20, 4 18, 4 Consolidation | 5
S 30, 2 26,
g_ 6 |Object’s surface 14, 7,9, Universality 6
£ 18 39
- . . 2,26 1,7 1,7 .
7 Mobile object’s 20, 435 417 Insertion 7
volume 40 (matryoshka)
35, |19, 14|35, 8
8 |Object’s volume 113 2,14 Anti-weight 8
14
2,28, 13, 14 29, Preventive
9 [Speed 13, 8 30 34 ; 9
38 counteracting
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In the left column of the matrix there are the characteristics that need
to be improved, while in the first row there are the characteristics that
worsen as a consequence of the improving characteristics. In the
Contradiction Matrix, in the intersection of the established characteristics,
there are certain numbers that represent serial numbers of the principles
suggested for application in order to solve the technical contradiction.
Each of the offered principles suggests certain activities for possible
solving of the described problem that is in the technical contradiction. The
analysis of the offered activities leads to the conclusion on what needs to
be done in order to solve the problem (Cabarkapa, 2010, pp.162-186).

Solving the problem of preparing the
substance solution for decontamination
in the tanker

To determine the exact technical contradiction, we would use the
form for formulating technical contradictions (http://www.sigonline.rs,
2016), (Cabarkapa, 2010, pp.171-173), with the help of which we identify
the characteristic that is about to be improved. This form comprises the
following information: technical system's name, technical system's
purpose, description of the technical system's function and determining the
characteristic that needs to be improved or eliminated.

With the help of the form for formulating the technical contradiction,
the characteristic that needs to be improved is determined and that is the
characteristic that describes the problem best. That characteristic is
«harmful inner factor of the object» placed under number 31 in the first
column of the Contradiction Matrix. So, in order to solve the technical
problem of preparing the solution material in the reservoir of the tanker itself,
it is necessary to eliminate this characteristic. Then, the characteristics
which will be worsened are being determined (they are in the first row of the
Contradiction Matrix) as a consequence of the elimination of the harmful
inner factors of the object. The following worsening characteristics are
identified: 2 — 'stationed object's mass', 27 — 'reliability' and 36 — 'device
complexity'. The schematic representation of the Contradiction Matrix's use
for the described characteristics is given in Table 2.
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Table 2 — Representation of the use of the Contradiction Matrix
Tabnuua 2 — lNpumeHeHUe Mampuubl IPOMUopeYul
Tabena 2 — lNpuka3 kopuwhera Mampuue rnpomuspeyHocmu

WORSENING
CHARACTE- 1,2,3,4,5,6,7,8,.......... 19, 36,37,38,39
RISTICS
2 — STATIONED 27 - 36 — DEVICE
OBJECT’S MASS RELIABILITY COMPLEXITY
o 35,22, 1, 39, 24,2, 40, 39 19, 1, 31
™
) 35- Change of 24 —Mediator 19 — Periodical
™ ; X
~ physical and 2 — Extraction .
; operating
@ chemical parameters
& of the object 40 — Composite

IMPROVING

1,2,3,4,5,6,7,8,.........1

31— HARFUL INNER FACTORS OF THE

OBJECT

22 —Converting
damage into benefit

1 - Segmentation

39 — Change of the
degree of inertia

materials

39 — Change of
the degree of
inertia

1-Segmentation

31- Porous

materials

...20....37,38,39,40)

INVENTIVE PRINCIPLES (1,2,3,

(1 — Segmentation; 2 — Extraction; 3 — Local quality, etc.)

In the intersection of the rows (31 — improving characteristics) and
columns (2, 27 and 36 —worsening characteristics), there are serial
numbers of the Inventive Principles which should be considered when
solving the technical contradiction. The names of the offered principles are
given in the table. Each of the offered principles suggests taking certain
actions in order to possibly solve the described problem which lies in the
technical contradiction. A detailed analysis of the offered principles and
activities which they suggest has shortlisted the following principles as the
most suitable ones for the described case: 1 — ‘Segmentation’ and 24 —
‘Mediator’.

1A — Divide the object into independent parts;
1B — Make the object modular (for easier assembly or dismantling),
1C — Increase the degree of fragmentation of the object.
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24A — Use an indirect object or a process, and
24B — Submerge one object into another (depending on which one is
more suitable for carrying).

A detailed analysis of the offered activities brings us to the solution of
the technical problem - it is necessary to introduce a new device which
would solve the problem - not preparing the decontamination substance in
the reservoir while still being able to perform decontamination successfully.
It means that the solution of the problem consists of making a device
outside the reservoir which would have a sufficient amount of
concentrating solution for decontamination. The device would use a
suitable regulating vent to release certain amounts of the solution for
decontamination. It would be mixed with the water from the tanker
reservoir, which would result in making the solution of the desired
concentration outside the reservoir. The design of the device and
regulation of its functioning would be an innovative solution of this problem.
A basic block diagram of the useful functions of the ACD M-78 with the
proposed device is given in Figure 3.

[ CONCENTRATED |
SOLUTION |

| | | |

el

VENT VENT VENT

H DA,“/ J
E 2 S vxer
/~ DRINKING \

~__WATER

~~ SUBSTANCE SOLUTION
( )

- DECONTAMINATION -

Figure 3 — Graphic representation of the usr—;‘ul functions of the ACD M-78
Puc. 3 — U3obpaxeHue nonesHsix ¢pyHkul ALY M-78
Cnuka 3 — Npacgbuyku npuka3 KopucHux ¢pyHkyuja AL M-78

The installation of the suggested device, as well as establishing an
additional installation (tubing) system from the device and the reservoir
with the needed automatic regulating vents and pipes, asks for an
engineer for its final construction solution, which needs to be protected
according to a prescribed procedure (Cabarkapa et al, 2013a, pp.7-25),
(Cabarkapa et al, 2013b, pp.146-161).
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In order to establish a new useful function of the ACD M-78 i.e.
drinking water supply, it is necessary for the existing reservoir, previously
used for the solution preparation, to be very well prepared (washed and
disinfected) so that it could be used for transport of the drinking water.

Apart from described the technical solution to the tanker's problem,
there also could have been other, similar, possibly better ones if we
applied different TRIZ tools like the Substance-field Analysis and 76
Standards for Solving Innovative Problems, Application of Algorythms for
Solving Inventive Tasks (ARIZ), Methods for Overcoming Psychological
Inertia in Innovators, etc. about which there are detailed explainations in
literature (Rajic, et al, 2016, pp.95-349).

Conclusion

The use of the decontamination tanker ACD M — 78 highlighted a
technical problem. That is a harmful function of the system which
manifests in inability to supply drinking water. The main cause of the
harmful function is the preparation of the decontamination substance
solution in the tanker reservoir itself.

TRIZ is a very suitable methodology for solving problems in complex
technical systems. It is necessary to correctly formulate the technical
contradiction i.e. to determine the technical characteristics of the system
which need to be improved as well as the characteristics which will
consequently worsen. In the ACD, the characteristic that was being
improved (harmful inner factors of the object) was determined, as well as
the characteristics that was being worsened (stationed object's mass,
reliability and device complexity), as a consequence of the improving
characteristic. By applying the basic TRIZ tools - the Inventive Principles
and the Contradiction Matrix, the problem was solved: preparing the
solution outside the reservoir with the help of an additional device which
would contain the decontamination substance and which would be
innovated and adapted for this purpose.

The application of the TRIZ methodology in solving the described
technical problem offers possibilities to undertake certain innovative
actions to enable drinking water supply with minimum financial investment.
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YIAYUWEHNE TEXHUYECKUX XAPAKTEPUCTUK
ABTOUMCTEPHbI AJ1A AEKOHTAMWHALINA,
C NMOMOLLBIO TPN3 METOOONOI M

O6pad T. Yabapkana, JywaH C. Pany
YHuBepcuteT B benrpage, TexHOnornyeckui 1 metannypruieckni
dakynbTeT, IHHOBaUMOHbIV LeHTp, r.benrpaa, Pecny6nvka Cepbus

OBJNACTb: xumun4yeckme TexHomnormm
BWO CTATbW: npogeccroHanbHas ctaTbs
A3bIK CTATbW: aHrnuickmin

Pe3swome:

B 0daHHOlU cmambe npedcmaeneHo npumeHeHue TPU3 (Teopus
peweHus  usobpemamersibcKux 3alay, 8 obnacmu  peweHus
MmexHUYecKux rnpobrem Ha asmouyucmepHe Ors OeKOHMOMUHaUUU.
TPU3 sensemca OOHOU U3  JIyHWUX — HaYYHO-UHHOBAUUOHHBIX
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memodorsioauli rno peweHuro npobnem, OCHOBaHHoU Ha
cucmemMamu4YeckoM U JI02UHECKOM MPpUHUUIe, pa3euimoM Ha OCHO8aHUU
yanybrieHHo2o u3yqeHuss 6onbwo20 Konudecmea rnameHmos. [lpu
ueneeoM  MPUMEHEHUU  asmouyucmepHbl  Onsi  OeKOHMoMUHauuu
ebisigrieHa epedHasi (byHKUUS, C8si3aHHasi C  [pu2omossieHuUeM
OeKOHMOMUHAaULUOHHO20 pacmeopa 8 caMoM pesepsyape, scriedcmaue
Yye20 rnocmaesku numeesoli 800bI 8 OaHHbIX pe3epayapax UCKITIOHatoMCs.
brnazodapsi  npumeHeHuro  TPU3  memodornozuuu, a  UMEHHO:
UHBEHMUBHbIX Memodo8 U Mampuubl Anbwmyrnnepa, obnacme
ucronb308aHuUsi asmoyucmepHbl 0151 OeKOHMOMUHaUUU pacuwiupeHa 3a
cyem 803MOXXHOCMU NMOCMasKu rnumeeeol 800kI.

Knwoueebie crnosa: TPW3 memodonoeusi, epedHass  (OyHKUUS,

mexHu4eckasi cucmema, MexXHUYeCKUe rpomusopeYusi, Mampuua
npomusopeyuli, UHBEHMUBHbIE MEMOODkI.

MOBOJBWAHE TEXHUYKUX KAPAKTEPUCTUKA AYTOMOBUIIA
LUMCTEPHE 3A JEKOHTAMUHALINJY NMOMOTRY TPU3-A

O6pad T. Yabapkana, JywaH C. Pajuh
YHuBepauteT y beorpagy, TexHonoLwko-meTanypLkm dakynteT, iHoBaLnoHu
ueHTtap, beorpag, Penybnuka Cpbuja

OBJIACT: xemujcke TexHonoruje
BPCTA YJIAHKA: cTpy4HuM unaHak
JESNK YJTAHKA: eHrnecku
Caxemak:

Y pady je npukasaHa ripumeHa TPU3 memodornoauje (Teopuja pewasarba
UHeeHMUBHUX 3a0amaka) y obracmu pewasarba mexHuU4Kkoz npobrema Ha
aymomoburny uucmepHu 3a OekoHmamuHauujy. To je jedHa 00
Hajro2odHUjuX  Hay4YHO-UHOBaUUOHUX Memodorioeuja 3a peuwlasar-e
rpobrniema, Koja rnoyuea Ha CuCMeEMarmu4yHoOM U JI02UYKOM rpucmyriy,
passujeHoM Ha OCHOBY CmyOuUO3HO2 U3yy4asarba 8eriukoe bpoja nameHama.
HameHckom yriompebom aymomoburia yucmepHe 3a OeKoHmamuHauujy
udeHmucgbukosaHa je wmemHa ¢byHKUUja Koja ce 0OHOCU Ha MpurpemMaH-e
pacmeopa 3a OeKoHmMamMuHauujy y caMoMm pe3epeoapy, Yume je oHemoayheH
domyp eole 3a nuhe.

@yHKyuja KojoM ce rnpowiupyje yrompeba yucmepHe 3a
OekoHmMamuHauyujy u 3a nompebe docmase numke 800e ocmeapeHa je
KopuwhereMm UHBEHMUBHUX MpUHYUNa u Amwmynepose Mampuue
rpomuspeyHocmu, Kao seoma egpukacHux anama TPU3 memodorniozauje.

KrbyuHe peyqu: TPU3 memodonoeuja, wmemHa yHKUuja, MexXHUYKU
cucmeM, MmexHuUYKa MPomuepeyHoCcm, Mampuua MpomuepeyHoOCMU,
UHBEHMUBHU MPUHUUIU.
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Abstract:

Over the last 20 years, the PKI architecture has found its vast application,
especially in the fields which require the establishment of a security
infrastructure. Given that the purpose of this architecture is to be used for
achieving higher security standards, its smooth operation has to be one of
the main requirements for its implementation. Its complexity is mirrored in
the numerous implementations that the PKI has had so far. For all the
reasons mentioned above, it is of great importance to consider potential
failure points of such a structure. Due to the complexity of these
structures, this paper will present only a basic review of such stress points,
without providing details on specific applications and types of
implementations. The significance of failure points will be explained by
examining the common features of the PKI architectures and the
occurrence of failure points in these structures, and where possible, an
overview of suggestions for preventing such failures will be provided.

Key words: smart cards, cryptography, HSM, PKI, security, failure,
architecture.
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Introduction

PKI stands for Public Key Infrastructure, and as such it represents
infrastructure based on the use of public key cryptography. The idea to use
asymmetric cryptographic algorithms in user authentication protocols, and
other services that the PKI enables, preceded the formation of this
infrastructure.

The use of asymmetric algorithms means that a key pair will be
generated, the private one and the public one. Intuitively, it may be
concluded that it is an imperative to keep the private key a secret, while the
public key should be in some way announced to those who participate in the
communication, and all that in such a manner that it is unequivocally clear
who the participant is and that the key linked to them really belongs to that
participant. This leads to the introduction of certificates as a means of
binding entity with its public key, and to the development of the PKI
architecture which is therefore used to manage these certificates and to
guarantee their validity.

A failure is a very important concept in technology, and its importance
becomes more apparent with the development of faster and more powerful
computer systems. Whether they are considered from the security of private
data standpoint, or from the standpoint of material and physical security, the
study of ways they could be classified and processed in various fields of
technology is important. The study of failures in complex systems, as the
PKI architecture may be, is especially interesting. In the case of such
complex systems, it is advisable to try to prevent faults and make fault —
tolerant systems.

The Concept of Faults

Reliability is often presented by contemporary technical systems as a
wanted quality in front of system designers. The definition of reliability can
be given as a probability of the system to perform its intended task
successfully, within a certain trust scope and within specified performance
boundaries, while being utilized in the proper manner and for the intended
purpose, under the specified load, and taking into account the previous
system utilization time (Ramovi¢, 2005). Therefore, it is clear that the
concept of reliability is complex and at the same time, intertwined with the
concept of faults.

When a system deviates from its specified behavior, it is said that a
failure has occurred. A failure is caused by an error, which would be an
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invalid system state, and it is an external manifestation of the said errors
occurring within the system. Faults are the root cause of errors.

There are many ways of classifying faults in the systems, depending
on the observation scope, where the said concepts can be observed at the
level of a component within the system, as well as at the system level. It is
clear that by observing such concepts at the component level as a part of
a complex system, one arrives at very intricate definitions of reliability and
fault, especially considering mutual dependency of system components.
Also, there are a lot of criteria by which faults can be classified and some
of those are given in Table 1.

Table 1 — Fault types arranged by classification methods, taken from (Ramovic, 2005)
Tabnuua 1— Budbi cboes no memodam knaccughukayuu, coanacHo (Ramovic, 2005)
Tabena 1 — Bpcme omka3sa rno memodama knacugpukayuje (Ramovic, 2005)

Classification criteria Fault type

By the type of state change

Unexpected fault

Gradual fault

By relationship with other faults

Independent fault

Depended fault
By possibility of utilization after Complete fault
fault occurrence Partial fault

By elimination period

Permanent fault

Intermittent fault

By external manifestation

Apparent fault

Suppressed fault

By the cause of fault

Design fault

Technological fault

Operational fault

By the nature of fault

Natural fault

Avrtificial fault

By the time of occurrence

Fault during testing period

Fault in the preparation period

Normal exploitation fault

Near end exploitation period fault

By fault intensity

Random fault

System fault

It is not possible to apply all the classification methods to every
system, nor to all parts of it, but it is clear that some of these classification

methods are, because of their nature, more relevant for consideration.
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For the purposes of this paper, a classification method from the
standpoint of possibility of utilization after occurrence of a fault makes an
interesting topic. Within this method, there are the concepts of a complete
and a partial fault, where it is intuitively clear that the system is rendered
non-usable after the occurrence of a complete fault, while the system is
still somewhat usable after the occurrence of a partial fault.

Also, it is important to consider the ways of determining the scope of a
failure and the consequences of its occurrence, as well as the ways of
achieving recovery after a failure in the architecture.

The PKI Architecture

As mentioned previously, when speaking of the PKI architecture,
several different types of architecture, depending of their intended use,
may be considered; however, it is obvious that they all have some
common features.

Since it is the architecture intended for the purpose of establishing
security, it is apparent that the use of cryptographic techniques achieved
through the specialized hardware and software will be needed. The PKI
architecture is inherently based on the use of certificates, their generation
and application in order to enable different services based on this
architecture. Besides the cryptographic part of it, this architecture also
requires an extensive use of various hardware and software resources,
namely servers, computer networks and application software.

Broadly speaking, the PKI architecture is based on the existence of one
or more trusted authorities with their policies and protocols, which enable
certain services distinctive for the PKI (Adams, Lloyd, 2003), (Chokani, 2003).

These trusted authorities are called certification authorities. They are
responsible for establishing trust policies, and for the issuance and
management of certificates, which then enable the use of various services,
i.e. services of authentication, digital signing and non-repudiation. The only
self-signed certificates are those that belong to the certificate authority,
while user certificates are signed by the certification authority and as such,
are considered to be a valid confirmation that the key given in the
certificate really belongs to the owner of the said certificate, as long as
there is no breach of trust established in the certification authority.

In the PKI architecture, beside certification authorities and depending
on the application of the said architecture, there may be one or more
registration authorities, which have the role of collecting the relevant user
data which will be later displayed in the certificate, and in establishing
indirect connection between the certification authority and its end users.
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Architecture Types and Failure Points in Them

Generally speaking, there are several basic PKI architecture types,
and they are hierarchical, distributed trust architecture, web architecture,
mash architecture and bridge architecture.

Root certificate authority

Intermediate
certificate
authority

End users

Figure 1 — Hierarchical PKI architecture
Puc. 1 — Nepapxuyeckas apxumexkmypa PKI
Cnuka 1 — Xujepapxujcka PKI apxumexkmypa

The hierarchical architecture, shown in Figure 1, requires the
existence of a Root certificate authority in the top of the hierarchy, and one
or more certificate authorities called the Intermediate certificate authorities
which issue end user certificates. End users are at the lowest level of this
hierarchy. This type of architecture is often used in the business
organizations and in the cases when achieving a high level of scalability is
necessary. In the case of this architecture, the Root certificate authority will
sign only certificates of those who are at the level below it, while the
certificates of end users will be signed by the Intermediate certificate
authority at the level above them.

Being that the Root certificate authority is the basic trust point in the
whole hierarchy, it being compromised will lead to the failure of the whole
structure, while compromising the Intermediate certificate authority will
cause only a partial failure within the structure.

In case of a failure of the Intermediate certificate authority, recovery is
achieved by revoking all valid certificates this body has issued and by
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establishing a new Intermediate certificate authority which will reissue
certificates for end users of the previous Intermediate certificate authority.
It is possible for the Root certificate authority to issue certificates for end
users directly, without having any intermediate body, but it is not advisable
to do so because the failure of such certificate authority simultaneously
means the failure of the whole architecture.

Established relationships among previously
unrelated certificate authorities

Certificate
authorities of
the same level

Intermediate
certificate
authorities

Figure 2 — Distributed trust PKI architecture
Puc. 2 — PKI apxumexkmypa pacrnpedenieHHo20 dogepusi
Cnuka 2 — PKI apxumekmypa ducmpubyupaHoe rnogepera

The distributed trust PKI architecture is the second type of the PKI
architecture. As shown in Figure 2, in this type of architecture, a
bidirectional relation of trust interoperability is achieved among several
certification authorities. This way, several certification authorities
established for different purposes and for different end users, are bound in
a trust chain in order to enable some common service or a faster mutual
authentication, and all that without the need for issuing multiple certificates.
Depending on the way of establishing trust relations within the certification
authorities in this architecture (Adams, Lloyd, 2003), a failure of a single
certification authority will naturally affect its end users, but it will have only
limited or none at all influence on the end users of other certificate
authorities. What complicate things in this type of architecture are different
models of establishing trust relations among the certificate authorities
within the architecture.
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After the failure of a certificate authority in this type of architecture,
recovery can be achieved by revoking all valid certificates this authority
has issued, breaking the trust relation this authority has had with other
authorities, reestablishing this authority and broken trust relations by
reissuance of all the revoked certificates.

The Web PKI architecture, shown in Figure 3, is used within web
browsers, where there are preinstalled certificates of the Intermediate and
Root certificate authorities whose certificates will be trusted by the
browser. Compared to the other types of the PKI architectures, this is
considered to be the easiest and simplest for use, but it is also the most
susceptible to security problems (Adams, Lloyd, 2003). The biggest
problem with this architecture lies within its users not being informed
enough about the meaning of having preinstalled certificates in their
browser and the way they can affect their safety.

CA1 CA2 CA3

Intermediate
certificate
authorities

4 6 L L e

Figure 3 — Web PKI architecture
Puc. 3 — Apxumekmypa Beb PKI
Crniuka 3 — Beb PKI apxumexkmypa

Because this architecture may have an extremely large number of
end users, a simple revocation may not be the solution for the case of
compromising a key within the certificate, because some browsers do not
have a built-in function for checking the revocation list. This means that the
user of a browser must be somehow informed of certificate compromising,
and that he himself must remove that certificate from the list of trusted
certificates in his browser.
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The main characteristic of this architecture is that the user decides
what certificates he will trust. The Mash PKI architecture (Figure 4)
establishes bidirectional peer-to-peer trust relationships in a way that CAs
issue certificates to each other (Adams, Lloyd, 2003).

CA 10

Figure 4 — Mash PKI architecture
Puc. 4 — Cemesasi PKI apxumexkmypa
Cnuka 4 — MpexHa PKI apxumekmypa

In this architecture, there are more trust points so compromising any
of them wil not influence the functionality of the architecture. In case of
compromising one CA, the entities of the other CAs continue to
comunicate with the rest of the entities if there is a valid certification path.
The compromised CA can be ftrustful again in the next case: all the
certificates issued by this CA have to be revoked, and than the CA issues
new certificates signed by a new public key. The CA issues new
certificates for the users and the other CAs with whom it establishes
relationships.

The last type of the PKI architecture to be mentioned in this paper is
the Bridge PKI architecture, shown in Figure 5. The Bridge PKI
architecture connects different PKI architectures regardless of architecture,
in a way that it introduces a new CA (bridge CA) which establishes peer-
to-peer trust relationships with the CAs of the other PKI architectures
(Moses, 2003). In the case of a hierarhical PKI architecture, a trust
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relationship is established with the root CA, and in the case of a mash PKI
architecture with any of CAs.

In this type of the architecture, a compromising CA which establishes
trust relationships will influence the abillity of that PKI architecture to
achieve secure communication with the other PKI architecture.

Bridge CA

Figure 5 — Bridge PKI architecture
Puc. 5 — Mocmosas PKI apxumexkmypa
Cnuka 5 — MocmoeHa PKI apxumekmypa

The Bridge CA can be compromised completely or partially.
Completely compromising means compromising all of the private keys
which the bridge CA used for signing certificates issued for the CAs by
which trust was established. If the bridge CA uses only one private key for
signing certificates by which it establishes a trust relationship, than
compromising that key causes a collapse of the whole bridge PKI
architecture. Compromising a single private key means only losing the
trust with that particular architecture, while the trust between the rest of the
architectures stil exists.

Reestablishment of the trust in the case of compromising CA which
establishes trust relationships can be accomplished in the way
characteristic for the PKI architecture to which that CA belongs.
Furthermore, the CA which establishes trust has to revoke a certificate
issued by the Bridge CA and to reestablish a new trust relationship with
that CA. Reestablishing a trust relationship with the Bridge CA can be
accomplished by exchanging certificates.

779

Prodanovi¢, R et al, Failure points in the PKI architecture pp.771-784



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2017, Vol. 65, Issue 3

Cryptographic methods and their failure

PKI architectures use various cryptographic algorithms and
techniques for the realization of those algorithms within the protocols they
are used in. As previously mentioned, the core of the PKI architecture is
based on the implementation of the public key algorithms (Schneier,
1996). It is an accepted practice for one certificate authority to use one
public key algorithm while keeping track of the attempts to break that
algorithm. Algorithm vulnerability makes the whole architecture which is
based on it vulnerable; therefore, hardware devices used for the
implementation of cryptographic functions, depending on their price and
quality, offer more than one algorithm and several key size options for
each of them, their periodic renewal, assuring limited influence in case of
accidental or deliberate compromising of any of the keys positioned higher
in the hierarchy.

Besides the asymmetric cryptographic algorithms, various hash
functions are used in these architectures.

A failure caused by any of these algorithms or functions having been
broken, even if the break did not happen within the used system, means
the security violation of every PKI system that uses them, and thus
represents a critical type of a failure. Recovery after this kind of failure
would require the revocation of all certificate authorities within the PKI
architecture, the revocation of all certificates issued by it and a new
architecture based on more stringent algorithms or longer keys being
established.

Hardware cryptographic modules and their failure

HSM (Hardware Security Module) are devices characteristic for their
use in the PKI architecture, although they are not required for its
implementation. In the PKI architecture, these devices enable a safe
implementation of cryptographic operations in the process of key
generation, certificate signing, while at the same time they provide a safety
mechanism against an unauthorized access to it. This mechanism
automatically destroys data in the HSM device. It could be argued that the
PKI architecture is secure if its keys are secure, and HSM devices provide
that security.

All cryptographic operations and key management are stopped as a
result of this device failing. This leads to the failure of a certification
authority that uses this HSM device. It is often the case that several
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certificate authorities are established on the basis of only one HSM device
having several slots designated to each -certificate authority in the
hierarchy, which means that the failure of this device would lead to a
failure of the whole architecture. These failures could be classified as
temporary, from the standpoint of time needed for recovery from them. It is
advisable to have another HSM device ready to be implemented in the
structure. This, in turn, requires the existence of specialized procedures for
handling these devices and making back up data from them (Souza et. al,
2007). Since these procedures are often treated as internal and thus kept
secret, there are not many sources providing more details about them.
Because of their value within the PKI architecture, it is clear that these
devices are very valuable for the whole PKI architecture and they should
be given greater attention which goes beyond the scope of this paper.

Smart cards, as hardware elements enabling data storage and safe
execution of cryptographic functions, and by their relatively simple design
and application methods, have been vastly implemented among different
PKI architectures.

The application of these devices provides double authentication by
means of “something you have”, which would be the card itself in this
case, and by means of “something you know”, which would be the PIN
code that enables card access.

Thus, card access is enabled only by the PIN code known only to the
owner of the card, which makes contents of the card and its features
limited within the architecture, establishing a higher security level at the
same time. It is possible to limit the number of incorrectly typed PIN codes,
after which the access to the card will be blocked. This failure is only
temporary and it is limited only to the card itself and to the scope of
privileges the card holder has.

Failures of these devices caused by minor mechanical damage, when
the card is somewhat or completely rendered unusable, are problematic
because there could still be some possibility for someone to access the
chip content, which is one of the reasons why the smart card validity
period is limited and why it is a requirement for their users to return them to
the certificate or registration authority for disposal in case of a mechanical
damage or card validity expiration.

Failures of individual end user smart cards can be considered to have
only minor consequences if the established procedures of smart card
handling have been followed after the occurrence of failure.
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Conclusion

The PKI architectures can be extremely complex, containing a large
number of specialized, as well as general hardware and software
components, complicated and expensive for implementation. At the same
time, they enable extremely important services such as authentication,
integrity, privacy and non-repudiation.

Because of their intricacy and various implementations, a thorough
analysis of their failure points is required, as well as the establishment of
methods and algorithms for overcoming such failures. This analysis could
be conducted by already established methods for the evaluation and
simulation of stressful points within the architecture, or by implementing
some new methods specifically tailored for this architecture’s
requirements.
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OBJIACTb: nHopmaLMoHHbIE TEXHOMNOrUN
BWO CTATbW: npodeccrnoHanbHasa ctaTbs
A3bIK CTATbW: anrnunckuii

Pe3some:

8a nocnedHux 0Osadyamb nem, apxumekmypa PKI cmana wupoko
npuMmeHsimbCcsi, 0cobeHHO 6 obrnacmsx, mpebyrowux co3d0aHus
UHbpacmpykmypbl b6e3ornacHocmu. Ydumebigasi, 4mo uernb co30aHusi
makoli apxumeKkmypb! 3akmodaemcsi 8 obecriedeHuu be3onacHocmu
cucmewm, ernasHbIMU 3aldadamu rnpu eHedpeHuu apxumexkmypb! PKI
sensromcsi becnepeboliHas paboma u e3aumodelicmeue C Opyaumu
KOMIMOHEeHmMamMu KOMIT/IEKMHOU CMpYyKmMypbl. V3  8bILeU3IoKeHHO020
criedyem,  4mMO  MPO2HO3  [OMeHyuarnbHbIX  MOYeK  omkasa
npedcmaesiiem cobol UCKIYUMerbHO 8aXHbIU ¢hakmop. B ces3u ¢
oepaHu4YeHuUem obbemMa cmambu, U mak Kak pedb udem O 3Ha4umersibHoO
CIIOXHbIX UHGbpacmpykmypax, e OaHHoU pabome rnpedcmaessieH nullb
obwuli 0630p enaeHbIX MOMeHyuarnbHbIX MOYeK omka3a, 6e3
nodpobHO20 OBBSCHEHUST XapakKmepucmuK o Kaxdomy omaoesibHOMYy
sudy eHedpeHusi apxumekmypbl. B cmambe uccredyromcs obujue
xapakmepucmuku PKI —apxumekmyp, Ha OCHO8aHUU  KOMOPbIX
mpakmyemcsi 3Ha4YeHUe B03MOXHbIX OmKa308 U rfpedriazaomcs
meporipusimusi 1o rpedynpexoeHu0 U rnpeodosieHur0 0aHHo20 poda
rnpobnemsi.

Knwouesble crioga: cmapm-kapmbl, Kpunmoepagus, HSM, PK,
6e3onacHocmb, omkas, apxumexkmypa.

TAYKE OTKASA 'Y PKI APXUTEKTYPU

Padomup W. MpopaHoeuh®, MeaH B. Byru/ﬂ’]6

@ Bojcka Cpbuje, MeHepaniutab, Ynpasa 3a TenekoMmyHukauuje
1 nHcpopmatuky (J-6),
LleHTap 3a npyMereHy MaTeMaTuKy 1 enekTpoHuky, beorpag,
Penybnuka Cpbuja

6 MuHuctapcTBo onbpaHe Penybnuke Cpbuje,
BojHoobaBewTajHa areHuuja, beorpaa, Peny6nuka Cpbuja

OBJIACT: nHdopmaumroHe TexHonoruje
BPCTA YJIAHKA: cTpy4HuM unaHak
JE3UK YJTIAHKA: eHrnecku

Caxxemak:

Tokom nocnedmux 20 20duHa PKI apxumexkmypa Hawiia je wupoKy
rpuMmeHy, nocebHo y obriacmuma Koje cy 3axmesasie ycriocmas/barbe
cuaypHocHe uHgpacmpykmype. C 0b3upom Ha mo Oa ce kopucmu padu
cueypHocmu jacHo je Oa je HeH HecmemaH pad jedaH 00 OCHOBHUX
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3axmesa Koju ce nocmaesba rnpu HeHoj umniemeHmauuju, a eeh camum
ysudom y 6pojHe murioge apxumeKkmypa u pasfudume umrieMeHmauuje
ysuha ce HeHa KoMmririekcHocm. 3602 moea je pa3Mamparbe
nomeHyujanHUX madyaka omkasa o0 eenuke gaxHocmu. Kako ce padu o
8prI0 CIIOXKEHUM UHgpacmpykmypama, osaj pad Oahe camMo OCHOBHU
rpeaned mayaka Koje mo2y bumu madke omka3a, 6e3 demasba Koju cy
Kapakmepucmu4Hu 3a rojeduHe rnpumeHe u muriose
umrnemeHmauuja. Tpaxxuhe ce 3ajedHuyke Kapakmepucmuke PKI
apxumekmypa u Ha mkuMa objawrbagamu 3Hadaj omkasa Koju ce moay
Oecumu, a mamo 20e je mozyhe 6uhe HasedeHu U MpPedrio3u 3a HUX080
rpesasurnaxerse.

KmbyyHe pedu: cmapm kapmuue, Kpunmozpacpuja, HSM, PK,
be3bedHocm, omkas, apxumekmypa.
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Summary:

The paper emphasizes the importance of the usability of Web-based
applications as an essential condition for attracting and retaining
customers. At the beginning of the paper, a general classification of
methods for usability evaluation is given in order to show different views of
researchers on usability. In order to ensure a Web application lifetime, it is
necessary to measure and evaluate many features that affect software
usability. The paper gives a brief overview of the most commonly used
methods for evaluating the usability of Web-based applications published
in the last decade, chosen by the author. Since decision making is not an
easy process, the conclusion gives recommendations to be specially
considered when selecting a method.

Key words: methods, usability, Web-based applications.

Introduction

The emergence of the Internet contributes to the speedy development
and massive use of Web-based applications. The specific properties of the
Internet as a basic working and development environment for Web
applications indicate that Web applications represent a rather specific
software product. When the Web is concerned, however, the need for a
positive user experience in interacting with the application is further
emphasized, ie. satisfaction and comfort level of users in achieving the
objectives of a Web site, as an essential condition for the retention of the

Given that Web applications have been developed considerably
shorter than classic information systems, the evaluation of usability is often
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skipped, and the reason for this lies in the fact that the application of
certain methods takes time, expensive and sophisticated equipment and
the participation of experts as evaluators. However, designers of Web
applications are aware that the evaluation of usability can significantly
affect the reduction of the development of Web applications if the usability
problems are identified in the early stages of the life cycle. Therefore, the
basic question of practitioners is to find the most efficient way of integrating
Web usability evaluation into daily work.

Today, there are various methods for assessing usability. As a result,
there is a question of choice of the most appropriate method for assessing
the usability of a particular software product. The choice of an adequate
method can significantly improve the efficiency of the evaluation process
and usability of the software product. However, the choice of the
appropriate method to be applied in the process of evaluating usability is
not simple, since it depends not only on the software product type, but also
on the development of the objectives of the project and the context of use.
In fact, the choice of a method depends on various criteria, some of which
are among the most important resources required to perform the method
(time, money, the number of evaluators and their expertise, the number of
users for testing, place and test equipment), the required level of objectivity
and the possibility of applying development of Web applications in various
stages. Using a combined approach can reduce the disadvantages of
different usability methods and find a good compromise between the
needs to implement high quality evaluation of Web usability, and the time
and cost of execution.

Specifics of Web applications

Between Web applications and traditional software systems, there are
some differences arising from the specific environment in which they are
developed, maintained and used. In "cyberspace", the Internet and the
Web remove restrictions of real distances in space allowing instant access
to information regardless of how far users and servers might be away from
each other. This quality of the Web provides numerous advantages of
Web applications over traditional, desktop applications, and they include:

— Global approach. Web applications are published centralized in
one place and the whole world can see them. Any user who has access to
the Internet can access Web applications from a home computer.

— Simultaneous work of a large number of users. In general,
traditional desktop applications are used by one user at a certain time,
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while Web applications can be used by tens and hundreds of users
simultaneously. Web applications are usually intended for large, diverse,
remote user groups, which have many varied requirements and
expectations in terms of national, religious and cultural feelings and
standards, different levels of knowledge and a variety of platforms for the
application use. This requires a greater need for security and privacy, and
higher standards and performances of Web applications compared to
desktop applications.

— Ability to work on multiple platforms. Most clients of Web
applications are Web readers who play the role of a universal interface
between the user and the system for displaying data of any format and can
be run on any computer with the Internet access. Web applications use
publicly accessible and free Web browsers and do not depend on the
user’'s software platform. Due to the fact that there are different Web
browsers typical for different operating systems (Internet Explorer, Mozilla
Firefox, Apple Safari, Google Chrome, Opera, etc.), and that all these
readers largely consist of HTML and JavaSript standards, Web
applications relying on HTML clients typically support different operating
systems.

— Low cost compared to the average number of users. Most Internet
components are free for end users, which also applies to Web
applications. Organizations that have a need for a Web application can
reduce the cost of its purchase and maintenance because employees can
set up and use the Web application at home, at work or under field
conditions.

— Ease of use by end users. Web applications are designed for a
broader audience so they are simple to use, similarly to regular Web sites.
The ease of use of Web applications encourages public participation, but
obliges Web developers to customize this application to users who have
no previous knowledge.

— Centralized upgrade. The process of upgrading Web applications is
faster and easier, because the changes implemented are centralized in
one place, so changing a program code on the Web server becomes
immediately visible to all users.

— Different purpose of use. Unlike desktop applications whose use is
limited to a certain number of users, Web applications can be used by a
wide number of users, for a variety of purposes of business and personal
nature.

— Web applications can fail for many different reasons. The
timescales for the development of Web applications are significantly
shorter and this influences the choice of methods and techniques for their
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development. Non-linear navigation and unpredictable user behavior and
the environment in which Web apps work (limited bandwidth or availability
of Web servers) may affect the user experience (Murgesan, 2008, pp.7-32).
The consequences of failure and dissatisfaction of users of Web
applications can be much more serious (more expensive) than in the case
of traditional desktop applications.

The above features indicate that Web applications are fairly specific
software products. For these reasons, many researchers in the area of
quality Web applications in their works (Bublione et al, 2002) (Becker,
Olsina, 2010), (Olsina, Molina, 2008, pp.385-420), (Lew, Olsina, 2011,
pp.214-229) indicate that the existing quality models listed in the relevant
ISO/IEC standards are not suitable to describe the quality of Web
applications.

In the era of hyper-production of complex and sophisticated Web
software, usability is crucial for the acceptance of Web applications and is
the key quality factor that determines their success or further destiny.

Along with the growth in popularity of Web applications, the attention
paid to the evaluation of their use in all phases of the life cycle has also
increased.

Methods for evaluating the usability of Web
applications

Just as there are a lot of different approaches and definitions of
quality, there are numerous methods for its evaluation. The methods can
be qualitative or quantitative, automatic, semi-automatic and manual,
ranging from easy to difficult to use, etc. Most of the available methods
originated from Human-Computer Interaction (HCI) and are primarily
intended to evaluate the quality of traditional software products. Although
they are used to identify usability problems of traditional graphic user
interfaces, today they can be equally successfully applied to a variety of
Web applications.

There are plenty of general quality models tailored specifically for
Web applications, but the efforts of researchers over the past decade have
given a number of models of software quality Web applications, oriented to
a specific domain (PBordevi¢, 2017, pp.513-529). However, this chapter will
show the most commonly used methods from the last decade, developed
to evaluate the quality of Web applications.
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WAMMI

WAMMI (Website Analysis and Measurement Inventory) is a Web
analysis service that measures and analyzes the experience of real Web site
users to help them achieve the digital goal (Muylle et al, 2004, pp.543-560).

WAMMI is a measuring tool which:

— measures the Web site user experience based on the reactions of

visitors.

— compares the site in relation to other Web sites in the international

standardized database.

— generates objective data for management and a convenient digital

report easy to read.

— analyzes qualitative comments of users and their reactions to the

site.

— interprets quantitative and qualitative data to determine what to

improve and how much to invest.

WAMMI is a research Web site and an analytical service developed
using psychometric techniques with a data reliability rating between 0.90
and 0.93.

It is based on international software standards and expertise obtained
from the assessment of software usability. It is used in the public sector (e-
government) and business sectors such as banking, finance, travel,
telecom and IT, and web sites for electronic commerce (e-commerce).
WAMMI is often used for international studies and is available in most
European languages.

Statistical methods are applied to select 20 statements that
summarize the essence of the experience of site visitors from a large
number of questions. Each question is a vital aspect of the user
experience and they are all required to cover the entire spectrum of
customer experience. All questions cover specific topics, such as
attractiveness, control, efficiency, helpfulness and ease of learning.
Visitors fill out questionnaires and give their answers. A digital report is
generated at the end of the probationary period. Visitor experiences are
measured through questions to compare their expectations with what they
found on the site. A few additional questions help to analyze detailed
information on the type of visitors to the site, the reasons why they visited it
and how they think it can be improved.

WAMMI has a unique approach because it compares the satisfaction
of site visitors who estimate the values of the reference database, which
contains data from more than 320 selected analyses. This allows to
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compare the site being estimated with the other one. Other questionnaires
can only give the number of visitors who assessed the site.

The whole process takes a few minutes only. When enough users
answered (between 40 and 200 users), a digital report is received within
two working days and the whole assessment process usually takes no
longer than three weeks.

The most important element of the report is the profile of the site,
which contains five sub-scales (Figure 1): Attractiveness, Controllability,
Efficiency, Helpfulness and Learnability) and there is a general
assessment of Global Usability.

90
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40 4
30

20

10 -

3
TR TR TR T T T T TR T ATTRTa T

FTTE TR T IRTR TR

Medan a4 45 60 [ 58 58
Scale:  Amractvensss Controllaniity EMicency Helplulness  Learnabilty Glotul

Figure 1 — Graph of the results about the website profile
Puc. 1 - pachuk pe3ynbmamos npoghusnsi calima
Cnuka 1 — pagpukoH pe3ynmama nipocpuna cajma

If the Web site at any scale is estimated above average (50)
according to the database, it is given as a green bar and extends above
the 50 line. But if the site achieved a score below the average on the
scale, this is indicated by a red bar extending down from the 50 line. The
average score is 50; below 30 or above 70 means the site is remarkable
on this scale, while a perfect score is 100.

The standard deviation expresses a degree of variation in the data.
For this type of data, a reasonable value of the standard deviation is 20:00.
The greater the number of respondents agreeing in their assessments of
the Web Site, the smaller the standard deviation, and vice versa - if many
respondents have different opinions, the standard deviation will be much
higher. The standard deviation over 30 indicates that there are two or more
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groups of subjects with very different opinions about the site usability. It is
not uncommon that standard deviations vary in scales. This indicates that
there are differences in the degree of agreement of respondents about
these scales.
Other elements of the WAMMI report are:
— detailed analysis for each statement and setting priorities for the site
aspects which need improvement.
— analysis of additional questions with fixed response categories.
— answers to the free text questions where visitors talk about things
that are not specifically required by the WAMMI questions.
— profiles of individual visitors and a numerical summary of the WAMMI
results.

UWwIS

HCI (human-computer interaction) professionals generally discover
perceptual and motor difficulties through problems based on skills and
problems of rule-based consistency, while the true intentions of end users
are identified by the questions based on knowledge (mental models)
(Abdinnour-Helm et al, 2005, pp.341-364).

This shows that there is a need for a comprehensive methodology for
measuring the usability of Web-based information systems, which will
integrate measures of quality and usability. UWIS (Usability of Web-based
Information Systems) is a methodology for assessing the usability and
design of Web-based information systems that combines the size and
quality of Web services and the usability of information systems (Oztekin
et al, 2009, pp.2038-2050).

To assess the usability and quality of Web-based information
systems, UWIS uses appropriate methods. This methodology applies the
structured equation model SEM (Structural Equation Modeling) to establish
a quantitative model for evaluating usability. UWIS integrates the
established dimensions for measuring the quality of Web services with the
appropriate lists of formulated questions, which is a modification of the
ServQual model, expanded with the dimension of usability. To create a list
of questions, UWIS uses ServQual and WebQual approaches to measure
the quality, the principles of dialogue for the design of the user interface
according to 1ISO 9241-10 (ISO, 1996) and Nielsen usability heuristics
(Nielsen, 1994).

The UWIS methodology defines a quantitative model for measuring
the dimensions of usability and introduces two latent variables called the
usability index (Figure 2). In accordance with the definition of usability in
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ISO 9241-11 (ISO, 1998), effectiveness, efficiency and satisfaction are
high-level parameters that are grouped and aggregated in the index of
usability 1 (Uly). These dimensions are objective measures of usability and
cannot be changed directly and consciously by the user interface designer.

Integration of
Communication

- w ) r) 7 4 e

Quality of

Relabiity Information

Navigason || Controllability Assurance Responsiveness

; Y ‘ .
0685 0661 0568 0840 0722 0581 0700

Usabdity Index 2

0.583
Y

0316 0130 0985

Efficiancy Effactivanazs Satisfaction

Figure 2 — UWIS methodology
Puc. 2 — UWIS memodonoaus
Cnuka 2 — UWIS memodornoeuja

The dimensions of the low level of usability are the following
measures: reliability, integration of communication, navigation,
controllability, assurance, responsiveness, and quality of information. They
are collected through the UWIS methodology for forming usability index 2
(Ul,). Low level dimensions can be changed directly and usability can be
improved by analysts and designers using the user interface.
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To measure the connections and relationships between the indexes of
usability U1 UI2, classical statistical methods of multiple regression are
used in a combination with the factor analysis.

The UWIS methodology may give a list of the most critical
dimensions. Once they are repaired, the performance of the usability of
Web-based information systems is expected to improve significantly
(through efficiency, effectiveness and satisfaction) because there is a
strong link between the rate of low and high level of usability. The
correlation analysis was used to determine the numerical indicators of the
strength and direction of the relationship between variables.

The main limitation of the UWIS methodology is that it does not
provide a solution to measure the usability of Web-based information
systems if the lists of dimensions are not linearly associated with the
usability index. This flaw stems from the basic principles of the SEM
quantitative method applied by UWIS. In such cases, it is necessary to use
sophisticated analytical techniques such as genetic algorithms, neural
networks and vector regression to explain the relationship between the
non-linear lists of the dimensions and the index of usability.

WebQual

Similarly to the previous one, this method is based solely on the view
of the end user who is considered to be the ultimate judge of quality. This
qualitative method is classified as a test method, because it uses the
mechanisms of the questionnaire which uses a set of 36 statements to
assess 12 factors of quality of Web applications, classified in four
categories of the highest level: usefulness, usability, fun and building
relationships (Figure 3). It is mainly designed to assess whether the user
will visit the site again. The TAM (Technology Acceptance Model) is used
as a theoretical basis for defining the criteria based on which the user will
decide to do so.
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Figure 3a — WebQual quality model
Puc. 3a — WebQual modernb ka4yecmea
Cnuka 3a — WebQual moden keanumema

While filling out the questionnaire, the site user expresses his/her
agreement and disagreement with a statement on the seven-point Likert
scale ranging from "strongly disagree" to "agree completely".

Using competent assessors of the quality of Web applications,
WebQual provides a quite reliable method of assessiment. Selected
quality factors provide good opportunities for the establishment of an area
that is "the most problematic", so that its improvement is a priority. When it
comes to the evaluation of the quality of the site, this method has the best
price/quality ratio, simply because users fill out a questionnaire for free,
and the information site owners receive is extremely valuable and
relevant.

A disadvantage of this methodology is that (Loiacono et al, 2002) the
method of analyzing the data obtained from the questionnaire is not clearly
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defined. The Likert scale is a scale of ordinal values, where the responses
are classified by ranks, but the intervals between them cannot be
considered equal. This means that the method of calculation of the mean
(and standard deviation) cannot be used for the analysis of ordinal
variables. Appropriate techniques of descriptive and deductive statistics
differ for ordinal (i.e. qualitative) and lapse (or quantitative) variables, and if
WebQual users use wrong statistical techniques, it could easily happen
that they draw wrong conclusions from the collected data thus "fixing"
something that is not necessary to repair and neglecting actual
shortcomings of the Web site.

WEF

WEF (Website Evaluation Framework) (Zhou, 2009) is a quantitative
methodology that supports the thesis that customer satisfaction is more
important than anything else, which means that it neglects other important
user roles (eg. development and maintenance).

The main objective of this methodology is the evaluation of any Web
site, regardless of the domain, type or programming/script languages. The
advantages of this methodology are its universality and simplicity. It allows
each owner or administrator of the Web site to automatically and easily
check whether the site is in accordance with the rules of good practice,
without the need to have technical and/or domain knowledge.

Although this concept is a great idea in the field of software quality
assurance, the relevance and practical usability of an evaluation template
like this is questionable.

The WEF Quality Model consists of five quality characteristics (Zhou,
2009): aesthetics, ease of use, multimedia, rich content, and reputation.
Only two of them, aesthetics and ease of use, are divided into sub
characteristics (Figure 3). Other measures are direct indicators of quality.
The importance of individual quality factors is determined by the assigned
numbers that represent fixed weighting factors.

The evaluation approach of this methodology is from the bottom to the
top, which means that the values of the most basic factors of quality
indicators are measured first and then summed up by an aggregation
formula into high order quality factors (subcharacteristics and
characteristics).
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1 Aesthetic Evaluation 222 Link to Home

1.1 Images 223 Navigation Menu Bar
1.1.1 Definite Image Size 23 Comment
1.12 One Larger Image in One Page 23.1 Label of Link Table and Form
1.13 Image ALT 232 Description of Meta
1.1.4 Image Link 3 Multimedia

1.2 Page’s Resolution & Resizable Table 3.1 Plug-in Support
1.2.1 Sizable Table 32 Attributes of Multimedia Components
1.2.2 Optimize the Page Resolution 33 One Media in One Page

13 Color 34 Using Thumbnails
1.3.1 Using Multiple Colors 4 Rich Content
1.3.2 Using Sage Color 4.1 Bulletin Boards
133 Limitations of Colors for Color Blindness People 4.2 Information Guide

1.4 Emphasis 43 Search Engine
1.4.1 Underline of Text 4.4 Avoiding Auto-refiresh

2 Ease of Use 5 Reputation

2.1 Consistency 5.1 Customer Feedback
2.1.1 CSS Attributes 5.2 Web Traffic

22 Navigation 53 Domain Name
2.2.1 Frames Validity 54 Information Publicity

Figure 3b — WEF model to evaluate the quality of Web sites
Puc. 36 — WEF mopenb kadecTtBa Ans oueHku Beb-calitoB
Cnuka 36 — WEF moden keanumema 3a esarsyauujy 8eb cajma

After completing all evaluation steps, the site is ranked into one out of
five categories, in accordance with the key shown in Figure 4 (Zhou,
2009).

category range
09—1
0,7 — 0,89
0,5 — 0,69
0,3 — 0,49
0,1 —0,29

Figure 4— The key to the site ranking
Puc. 4 — Kntou Kk paHxXupoBaHuio canTa
Cnuka 4 — Krbyd 3a paHeuparse cajma

In the end, it seems that it is too superficial to be used for a serious
and comprehensive analysis and perhaps it could be used to evaluate the
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quality of simple websites. It can be said that the simplicity of this
methodology is its greatest strength but also its greatest disadvantage.

WebQEM

To provide methods and techniques, Olsina and Rossi (Olsina, Rossi,
2002, pp.20-29) presented the WebQEM (Web Quality Evaluation Method)
method based on the C-INCAMI framework for quality measurement and
evaluation.

The C-INCAMI methodology (Becker, Olsina, 2010) (from Contextual
Information-Need Concept model, Attribute, and Metric Indicator) is a
comprehensive and well-developed framework for the implementation of
projects of measuring and evaluating quality; it prescribes a set of
activities, their inputs and outputs, roles, interdependences, etc. which
ensures the consistency and reproducibility of the measurement and
evaluation process and its results.

The C-INCAMI framework consists of six basic activities:

1. Definition of non-functional requirements;

2. Planning of measurements;

3. Execution of measurements;

4. Planning of evaluation;

5. Execution of evaluation;

6. Analysis of the results and making recommendations.

Using WebQEM for the evaluation of Web sites and applications
supports the efforts being made to meet the demands for quality in new
Web development projects, as well as in those already operating. It also
helps identify missing properties or poorly implemented requirements, such as
interface design, or problems with navigation, accessibility, search systems,
content, reliability and performances (Olsina, Rossi, 2002, pp.20-29).

The steps of the WebQEM process are grouped into four main
technical phases:

1. Definition and specification of requirements for quality;

2. Elementary measurement and evaluation (planning and realization)

3. Global evaluation (planning and evaluation)

4. Conclusions and recommendations.

During the phase of defining and specifying quality requirements, the
goals of the evaluation and the user point of view (the role) are specified.
Then, a quality model is selected and it may be defined in the appropriate
ISO standard, with the addition of the attributes specific for a particular
domain. The relative importance of these components for selected users is
then identified as well as the required level of coverage.
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User roles can be classified into three abstract categories: visitor,
member of the development team and manager. These categories can be
broken down into sub-categories. For example, the visitor category can be
divided into the sub-categories of conventional and advanced visitors.

When the domains and product descriptions are defined, the
objectives agreed upon and the user role (i.e. explicit and implicit customer
needs) selected, the next step is to specify the necessary characteristics,
subcharacteristics and attributes in the form of a tree of requirements. The
result of this phase is the specification of quality requirements.

The phase of the elementary measurement and evaluation defines
two main activities: design of elementary evaluation and implementation of
elementary evaluation. In the design phase, all information about the
selected metrics and indicators is recorded, in line with the conceptual
scheme of the Metrics and Elementary Indicator.

The phase of global evaluation has two main stages: design and
implementation of partial and global evaluation. In the design phase, the
aggregation criterion is selected as well as the scoring model. These two
parameters are intended to make the evaluation well structured, accurate
and understandable. There are at least two types of models: those based
on linear additive scoring models and those based on nonlinear multi-
criteria scoring models. Both types use the weighting factor as a way of
determining the relative importance of indicators.

Even if we ignore the rest of the C-INCAMI framework (whose integral
part WebQEM is), and observe this method separately, we immediately
see its good sides. Concise, yet flexible, the proposed model of quality, a
well-defined process and a scoring preference method based on a
mathematical model of weight exponents make it one of the best
resources for quantitative expert evaluation of the quality of Web
applications that professional and academic communities currently have to
offer. In addition, WebQEM can be used in the early stages of the
development of Web applications as efficiently as the operational Web
application. This is a possibilty that the above described two
methodologies do not have.

WebQEM has its drawbacks, though, the biggest of which being a
necessity of expert evaluators who possess the knowledge necessary for
defining the requirements tree (Zhou, 2009) and a good knowledge of the
domain in which the Web app works. Therefore, this method carries the
risk that, during the evaluation of global quality, subjectivity cannot be
completely avoided (Olsina, Rossi, 2002, pp.20-29). Manual and thorough
evaluation would require a huge effort and a lot of time, which may pose a
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potential problem. For this reason, Olsina et al created a tool called "C-
INCAMI Tool" in order to facilitate the evaluation process and save time.

Conclusion

An important component of software is its evaluation. To ensure the
required quality, it is necessary to measure many characteristics that allow
the determinantion of software quality, where software quality metrics
plays a significant role. However, first it is necessary to define a model with
a set of quality characteristics of software quality to be assessed. Of
course, it is not possible to measure all the characteristics of quality in all
possible cases.

However, separate measurements are not suitable for evaluating the
overall usability because each metric is measured on its own scale and the
results are difficult to compare. The interpretation of usability across
multiple metrics becomes clumsy, heavy and unconvincing for decision-
making, which represents a drawback of such an approach.

A difficult task for professionals, business managers and potential
customers is to determine which product is superior regarding its usability
when considering several attribute measures on different scales. One
usability metric provides better assessment of usability and easier
comparison of products than when individual metric components are
considered. However, the existence and use of these methods indicate a
need to present the complex usability structure in a form that can be
manipulated. Therefore, it is expected that the combination of a number of
known evaluation methods provides an easily applicable procedure of the
comprehensive and objective evaluation of the usability of Web
applications, thus enabling easy identification of problems in the design of
interfaces as well as an efficient comparison of competing products or the
same product in different stages of its life cycle.

Performing a summary usability metrics reduces the complexity of
identifying the difference in the usability of competing products and
facilitates decision-making. In this way it provides clear, understandable
and unambiguous interpretation of the results and readily compares the
results of the usability of competing products or one particular product
after changes.
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Heb6odwa [. Oxopoxesny
BoopyxeHHble Cunbl Pecnybnukn Cepbus, YnpasneHue cyxonyTHbIX BONCK, T.
Hwuw, Pecny6nuka Cepbus

OBNACTDb: BbluMcnmMTenbHas TeXHUKA U MHpopMaTHKa,
MHGOPMaLNOHHBIE TEXHOMOMNN

BWO CTATbW: npodeccroHanbHas ctaTbs

A3bIK CTATbW: aHrnuinckmin

Pe3some:

B daHHOU cmambe nodyepkusaemcsi porib ydobcmea UCrosib308aHUsI
Beb-npunoxeHull, mak KakK OHO ripueriekaem u ydepxusaem
rnons3oeamernel Ha calime. B esodHolU yacmu cmambu ripusedeHa
obwas knaccugbukayusi oueHo4Hol Mmemodosioeuu o ydobecmey
ucrosib308aHusi, ¢ Uernblo 0630pHO20 rnpedcmasnieHusi O PasnuYHbIX
moukax 3peHusi omoesibHbIX uccriedogamerneli 8 sorpocax o ydobecmesy
ucronb308aHus. [ns npodneHusi XU3HEeHHOo20 Uukna Beb-npunoxeHul
Heobxodumo nposoduUMb OUEHKYy U aHanu3 MHo2ux ¢hakmopos,
8uUsIIOWUX Ha yOobHOCMb UC0/Ib308aHUS MPO2paMMHO20 0becreqeHUs.
B OanHOU cmambe npueedeH Kpamkuli o63op  Hauboriee
pacrnpocmpaHeHHbIX OUEHOYHbIX Memodos 8 obracmu ydobHocmu
ucrnionb3ogaHusi  Beb-nipunoxeHud,  npedcmaenieHHbiX 8  pside
nybrnukayud, nocesiuasuwiux O0aHHOMY 60rpocy ocoboe 6HUMaHue Ha
npomspkeHuu rocrnedHeeo Oecamunemusi. B 3akmroyeHuu cmambu,
asmop, yqumaigasi mom ¢hakm, 4mo y MHO2uX rnosib3o8amerieli 80rpoc o
eblbope  mMemoQosiccuu  8bisbieaem  3ampyOHeHus,  rpueooum
060CHOBaHHbIE  pekoMeHOauyuu o  fpeuMywecmsy  omoeribHbIX
Memodos.

Kntouesblie cnosa: memodbl, ydobcmeo ucrosb308aHusi, Beb-
MPUIOXEHUS.

EBANYALINJA YITOTPEBIbUBOCTW BEB AMNNNMKALINJA

Heb6ojwa [. Hophesuh
Bojcka Cpbuje, Komanga KonHeHe Bojcke, Huw, Penybnuka Cpbuja

OBNACT: pauyHapCTBO U nHgopmMmaTtrka, MHOPMaLMOHe TEXHOOornje
BPCTA YJIAHKA: cTpy4HuM unaHak
JESNK YJTAHKA: eHrnecku
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Caxemak:

Y pady je HaenaweH 3Havaj yrnompebrbusocmu eeb 3acHosaHUX
annukayuja kao bumaH ycroe 3a rpusnaderse U 3adp)xasar-e
KopucHuka. Ha rioyemky pada npedcmaerbeHa je yorwmeHa rodesna
memoda 3a eeasyauujy yrnompebrbueocmu, ca HamepoMm 0a rloKaxe
pasnuyum roaned ucmpaxueada Ha yrnompebrbueocm. [a bu ce
06e36eduo xueomHU eek 8eb arnukauyuje rnompebHo je mepumu u
8pedHOBamU MHO2€ KapaKmepucmuke Koje ymudy Ha yrnompebrbueocm
cogpmeepa. Y paly cy ykpamko rpukazaHe Hajuyewhe kopuwheHe
memode 3a esaryauujy yrnompebrbusocmu geb 3acHo8aHUX arukayuja
nybriukosaHux y nocnedmuj OeueHuju. Mmajyhiu y eudy da Huje rnako
o0abpamu ripagy mMemody, y 3aK/by4yKy Cy HaeedeHe rperiopyke Koje
mpeba nocebHo pasmMompumu nPUIUKOM HeHoe usbopa.

KmbyyHe peyu: memode, ynompebrbusocm, 6eb 3acHosaHe
annukayuje.
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Jdatym goctaBrbana ncnpasku pykonuca: 27.03.2017.
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OB30PbI
REVIEWS

7. MEBYHAPOOHU
HAYUYHO-CTPYYHW CKYTI

N3 OBJIACTU OQBEPAMBEHWNX
TEXHOJIOIM'NMJA OTEX-2016
(MPUNKA3 36OPHUKA PALIOBA)

Cnaeko J. MNokopHu

Bucoka Lkona cTpyKOBHUX CTyauja 3a MHPOPMaLMOHe TexHonoruje,
Beorpag, Penybnuka Cpbuja,

e-mail: slavko.pokorni@its.edu.rs,

ORCID iD: “http://orcid.org/0000-0002-3173-597X

https://dx.doi.org/10.5937/vojtehg65-12142

OBJIACT: BOjHE TexHoMOrmje
BPCTA YJTAHKA: npuka3s
JE3UK YJNTAHKA: cpncku

Caxemak:

Y oeom npukady HasedeHe cy OCHOBHE UHGbopMauuje O YKyrnHUM
pesynmamuma, 3Hadvajy, MmelyHapoOHOM npozspamMckomM 006opy U
obnacmuma pala 7. MeRhyHapoOHO2 Hay4YHO-CMPY4YyHO2 CKyra us3
obniacmu 00bpambeHux mexHomnoeuja OTEX 2016 (7”’ International
Scientific  Conference On Defensive Technologies OTEH 2016).
lMpedcmasrbeH je 6poj memamckux obnacmu, 6poj padosa, 6poj
aymopa/koaymopa, bpoj cecuja ckyna u 6poj 4YnaHoea rpospamcKoe
od6opa. Ha ogozoduwir-em cKyry burso je HajMar-e objasrbeHux padoea,
asnu Hajguwe HUXo8UX aymopa/koaymopa.

KmbyyHe  peuu: mehyHapodHa  koHpepeHuuja, OTEX, eojHe
mexHorsoauje, npuKas.

Y BojHoTtexHunukom mHetutyTy (BTW) v Beorpany je 6. n 7. oktobpa
2016. roguHe, ogpxaH 7. mefyHapoOHW Hay4YHO-CTPYYHM CKyn M3 obnactu
onbpambeHnx TexHonornja OTEX 2016 (7th International Scientific
Conference on Defensive Technologies OTEH 2016), nog
NMOKPOBUTEILCTBOM YNpaBe 3a oabpambeHe TexHonornje MuHucTapcTBa
onbpaHe Penybnuke Cpbuje.
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OpraHuzatop oBe 3HauyajHe KoHdepeHumje je, Mo LwecTu nyT,
BOjHOTEXHUYKM MHCTUTYT. HanomeHMMoO p[a je npBa KoHdepeHuuja
ogpxaHa 2005. rogmHe, Ha vHUUMjatMBy BojHe akagemuje, non Ha3vBOM
MpBM HayyHn ckyn opbpambeHe TexHonormje y dyHkumju mmpa OTEX
2005, a umana je kapaktep gomahe koHdepeHuuje, Kao 1 apyra, Kojy je
opraHmsoBao BojHOTEXHWYKM WHCTUTYT, Kao M cBe ocTane. Tpeha
KoHgepeHumja Buna je ca mehyHapogHum ydewhem, a of 4eTBpTe je
mefyHapogHa. CTaTUCTUYKM nojaun M HeKM feTarbu ca NpeTXoaHuX
KoHdepeHumja mory ce sugetn y (Pokorni, 2015).

3a KoHgepeHUMjy ce Mory NogHeTn pagoBu Koju cagpke opurnHanHe
TEeopuvjcke WM NpakTUyHe pesynTaTe MUCTpaXuBarba, Kao M NpuKasun
NpakTU4yHMX pewerwa unum ypehaja M3 gomeHa TemaTckux obnactu
KOHpepeHuuje.

CBaku y4ecHUK MOoxe GUTK ayTop Wnn KaoyTop Hajsuwle Tpu paga,
anu camo jeaaHnyT Kao npBu ayTop.

CBu pagoBu Nognexy CTPyYHOj peLieH3unju.

OBoroguwta KoHgepeHumja uma 8 cekumja, Kao M npeTxogHa
(tTabena 1).

o caga je y 36opHMUMMa oBe KoHdepeHuuje nyOrnmkoBaHO YKymnHO
1130 pagoBa, ykrby4yjyhu n OTEX 2016 (Tabena 2).

3a KoHgepeHuujy ce yobuyajeHo wTamna nporpam u pagu L Ha
KOjeM ce Hanase CBW pafoBKM Koju cy npownu peueHsujy. Og yeTBpTe
KoHgepeHumje, ogpxaHe 2009. roguHe (OTEX 2009), kaga je OTEX
nocrao mehyHapogHa KoHdepeHumja, pagoBuM Ce MNULIY Ha EHrNecKoMm
je31Ky, a M3naxy Ha €HrNeckom WNnKM CPrcKOM (ako y CeKUMju Y Kojoj ce
na3naxy pagoBM Hema YyyecHuKa KOju He pasyMejy Cprcku jesuk, no
AOroBopy ca npeacenasajyhum cexkuuje).

Mporpamckn oabop oBoroavwH-e KoHdepeHumje uYvHe 43 HayyHa
pagHuka u3 12 semarba: benopycuja — 1, bocHa n XepuerosuHa — 3, byrapcka
— 2, Yewka — 2, Ntanuja — 1, Hemauka — 1, Hoeu 3enang — 1, PymyHuja — 2,
Pycuja — 1, Cnoeenvja — 1, Cpbuja — 27 (o4 Kojux je 9 u3 UMBUIHKX
nHcTUTYumja) n Typcka — 1. Jakne, 16 unaHoBea je U3 MHOCTPaHCTBA, Uik OKO
37%, WTO je MakbKn NpoLeHaT Hero Ha NPeTXoaHoj KoHepeHuumju, 36or Beher
Opoja unaHoea 13 Cpbuje (Tabena 2).

Ha oBoroauiuks0j KoHdepeHumnjn 61no je Hajmare 06jaBrbeHVX pagoBa,
anu ce nojaerbyje HajBuLLE ayTopa/koayTopa (Tabena 1, Tabena 2, Tabena 3).

OBoroguwiky  KoHdepeHunjy OoTBOpMO je MuHucTap opbpaHe
Penybnuke Cpbuje 3opaH hophesuh, a ckyny ce, y ume opraHu3aropa 1
aomahuHa, obpaTtno anpektop BT nykoBHUK ap 3opaH Pajuh.

MwHnuctap opgbpaHe je, nopeg octanor, ucrakao ga je OTEX
U3y3eTHO 3HayajHa Hay4yHO-CTpyyHa MaHudpecTauuja Koja ce oapxasa
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pagn ceeobyxBaTHOr U MyNTUAUCUMNAMHAPHOr carfiefaBaka Hay4Hor U
TEXHONMOLWKOr pasBoja y obnactn ogbpaHe. OTBapaky KOHdEepeHuuje
NPUCYCTBOBanu Cy BMCOKW 3BaHW4YHUUM MuHucTapcTBa ogbpaHe n Bojcke
Cpbuje, cTpaHu BOjHM M3acnaHuum akpegutoBaHu y Cpbuju, generaumje
MO Buwe 3emarba, Buwe og 30 rocTujy n3 MHOCTPaHCTBA, NPeACcTaBHULM
WHCTUTYTa, pakynteTa n cdabpuka ondbpambeHe uvHOYCTpUje M Opyru
rocTu. Y4yecHuUUM KOHPepeHuuje umanu cy npunuky UM ga  obuhy
nabopatopje BTW.

Ha BehuHn gocagalunsunx koHdepeHumja cy, Ha oTBapaky, ogpxaHa
n npurogHa npefgasara NocBeheHa HalmM No3HATUM HayyYyHUUMMa. Tako
je 2011. roguMHe npurogHo npegaBakbe OMNO nocBeheHo XUBOTY W
Hay4yHuUM gocturHyhuma Hukone Tecne, a 2014. roguHe 160. rogmwiHsnum
poherwa Muxajna NynuHa. Oeoroguwwtsa kKoHdepeHumja OTEX 2016 6una
je nocseheHa wmatematuyapkn Mwunesn Mapuh, Cpnkubn Koja je
Aana HeusMepaH [OMNPUHOC Hayuu, pagehu y ceHuM cBora Myxa
AnGepta AjHwWTajHa, O KOjOj je, NMPWIMKOM oOTBapawa KoHdepeHuuje,
NpUrogHoO NpedaBawe ogpxao npodgpecop Benumump  Abpamosuh
(http://www.vti.mod.gov.rs/index, 2016).

Tabena 1 — lpeaned ykyrnHoe bpoja padosa rno obrnacmuma KOHepeHyuje
Tabnuua 1— 0O630p 0buwie2o Konu4yecmasa pabom, npedcmasneHHbIX a CeKYUsIX
KOHgbepeHuuu
Table 1 — Overview of the number of all papers grouped by the Conference areas

Pepn. Haaus o6RacT OTEX | OTEX OTEX OTEX
op. 2011 2012 2014 2016
lMneHapHa nsnarakwa 3 2 2 2
1 AepoauvHamuka u guHaMmuka neta 1 12 10 12
2 Basagyxonnosu 22 23 26 13
3 Haopyxate 1 Bosuna 21 14
4 MyHuLMja U eHepreTcku maTepujanm 28 29 20 15
5 cl:l;;eer“%cam CEH30pCKM U poboTCKN 17 16 21 20
P AR EEE
7 MaTtepujanu n TexHonoruje 22 34 36 35
8 KeanuteT, cTaHgapausauuja,
MeTponoruja, ogpxasare U 11 11 10 11
ekcnnoarauuja
9 "eoTonorpadcke TexHomnoruje 7 - - -
10 MeauumHa y dyHKumjn oadpaHe 3 - - -
YKYMNHO OBJIACTU 9 7 8 8
YKYTNHO PAOOBA 142 145 158 134
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HakoH oTBapara ofpxaHa Cy [ABa MneHapHa npegaBaka roctujy us
MHocTpaHcTBa — Op EBreHnja B. CygoBa u3 WcTpakuBayko-pasBojHOr
ueHtpa ,[lMpumerseHa noructuka” m3 Mockse u CrnobopaHa Pajuha un3
HauunoHanHe nabopatopuje Oak Puu, Tenecu, CAL.

Tabena 2 — bpoj padosa, aymopa, cekyuja, cecuja u YmaHosa rpozspamckoz odbopa rno
KOH@bepeHyujama
Tabnuua 2 — Cnucok Konu4yecmea npedcmasrieHHbix pabom, asmopos, cekyul, ceccull
u npedcmasumerneli Opekomumema KoHghepeHyuu
Table 2 — Number of papers, authors, sections, sessions and members of the Programme
Committee by Conferences

OTEX OTEX OTEX OTEX OTEX OTEX OTEX
2005 2007 2009 2011 2012 2014 2016
Bpoj | 168 181 202 142 145 158 134
papoBa
Bpoj ayTtopa/ 507
KoayTopa 268 287 374 315 402 417
Bpoj | 14 10 11 9 7 8 8
cekumja
Bpoj cecuja 19 22 20 15 15 16 16
Bpoj
YyraHoBa
Mporpamckor 30/7 30/4 22/5 31/13 29/10 38/17 43/16
opgbopa***
Bpoj 1 1 4 17 16 14 15
JpXxaBa
INereHpa:

*

Csaka KoHdbepeHLja MMana je no ABa nreHapHa paga, koja cy obyxsaheHa.

**  Bpoj TemaTckux 0b6nact o4HOCHO cekuyja.

*** YkynaH 6poj unaHoBa [lNporpamckor oabopa/6poj BaH MHCTUTYUmMja Bojcke Cpbuje 3a
OTEX 2005, OTEX 2007 n OTEX 2009, a 3a OTEX 2011, OTEX 2012, OTEX 2014 n
OTEX 2016 10 je ykynaH ©poj unaHoBa [lporpamckor onbopa/bpoj unaHoBa w3
MHOCTpaHCTBa (MPU YeMy YnaHoBU M3 LMBUMHKUX MHCTUTYUMja Cpbuje Hucy nocebHo
n3aBajaHu U3 yKyrnHor 6poja).

***%Y ©poj apkaea je ykrbydeHa u Cpbuja, kao JoMahuH KOHbepeHLuuje.
3atMMm je KOH(hepeHuMja HacTaBSfbeHa pagom Mo cekuvjama u

cecujama, a KpaTku cagpxaju npuxsaheHnx n peLeHsnpaHmx pagosa Mory
ce Bngetn Ha cajty OTEX 2016 (http://www.vti.mod.gov.rs/oteh), ook ce
KoMMneTHM pagosu Hanase Ha Ld-y (OTEH, 2016).

Y 360pHMKYy oBoroguiike KoHdpepeHumje mma ykynHo 134 papa
(ykrbyuyjyhn 1 gBa nneHapHa paga), koje je Hanuvcano 507 aytopa n3 15
apxaea (ykbydyjyhm n Cpbujy). bpoj gpkaBa y4yecHuUa je Ha HUBOY
NPEeTX0AHMX KOHdbepeHumja, C TUM LITO TPU OpXXaBe y4ecTBYjy No MNpBu
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nyT. YkynaH 6poj pagoBa OBOroauvilihe KOHdepeHuuje je Hajmaru Oo
caga, anu je HajauLLe ayTopa (Tabena 4).

Tabena 3 — Npeaned 6poja padosa u aymopa (u koaymopa) 1o uHocmpaHumM Op)xagama
yyecHuyama
Tabnuua 3 — O630p Konudecmea pabom u asmopos (coasmopos), o 3apybexHbIM
cmpaHaM, komopble npedcmaessisirom y4acmHUKU
Table 3 — Overview of the number of papers and authors (with coauthors) by the foreign

member states
OTEX 2011 OTEX 2012 OTEX 2014 OTEX 2016
Pen. HApxasa Bpoj Bpoj Bpoj Bpoj Bpoj Bpoj Bpoj Bpoj
Gp. pagoBa | ayTopa | pagoBa | aytopa | pagoBa | ayTopa | pagoBa | ayTtopa
1 Amxunp 3 3 3 5 5 11 7 7
2 AycTpanuja 1 1
3 AycTpuja 1 1
4 Benopycuja 9 1 3 2 4 1 4
5 BuX 5 3 6 4 8 2 5
6 Byrapcka 2 4 1 2 1 4
7 LipHa Nopa 1 3 2 2 2 5
8 Yewwuka 2 3 2 3 1 4 1 1
Peny6nuka
9 Ervnat 2
10 dpaHLuycka 1 1 2 2 1 1
11 Wpcka 1 2
12 Wtanvja 1 1 1 1
13 W3paen 1 1
14 Kanapa 3 3 1 1 1 1
15 Kuna 2 3
16 | MakegoHvja 3 7 3 9
17 | Hosu 3enanpg 1 1
18 Morbcka 2 10
19 Pycuja 1 1 1 1
20 CAL 1 1
21 CnoBeHuja 1 4 1 6 1 1 2 2
22 CynaH 8 15
23 LLisajuapcka 1 1 1 1
24 Typcka 8 11 6 10
25 YjeouHjeuun 1 1
Apancku
EmupaTtn
26 YkpajuHa 1 1 1 2
27 Benwka 1 2 2 2 1 2 1 1
BputaHuja
YKYTHO 32 47 32 61 31 62 24 39
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Tabena 4 — lNpeaned bpoja padosa u aymopa/koaymopa no dpxxasama y4yecHuyama
Tabnuua 4 — O630p Konudecmea pabom U asmopos/coasmopos Mo cmpaHam
y4yacmHuKoe
Table 4 — Overview of the number of papers and authors/coauthors by the member states

OTEX 2011 OTEX 2012 OTEX 2014 OTEX 2016
Pen.op. TBpoj | Bpoj | Bpoj | Bpoj | Bpoj | Bpoj | Bpoj | Bpoj
pagoBa | ayTopa | pagoBa | ayTopa | pagoBa | ayTopa | pagosa | aytopa
Bpoj
WHOCTpaHuxX 16 15 13 14
Apxasa
YKYNHO 32 47 32 61 31 62 24 39
MHOCTpaHu
Cpbuja 110 268 113 341 127 356 110 468
YKYIMNMHO
OTEX 142 315 145 402 158 412 134 507

3a pasnuky of BehunHe gpyrux koHdepeHumja, 3a OTEX ce He nnaha
KoTusaumja, a ogpxasa ce y beorpagy, roe je KoHUeHTpauuja HayyYyHor 1
CTpy4Hor noteHumjana Cpbuje, kako BOjHOr Tako 1 umsunHor. Nopea Tora,
Beorpag je npuBnayHa gectuHaumja u 3a yyecHuKe M3 MHOCTPaHCTBa, na
je cee 1o goaatHmn motue Aa OTEX nma 6pojHe 1 KBanuTeTHE yYeCHMKE.

Ha kpajy, Moxe ce koHcTaToBaTh Aa koHdepeHuuja OTEX ycnewHo
HacTaB/ba pag ca cBe Behum Opojem aytopal/koayTtopa. M parbe ce
youyaBa capafha ayTopa u3 pasHux nHctutyumja Bojcke n MuHuctapcTtsa
oabpaHe Penybnuke Cpbuje, kako ca umMBUIHUM MHCTUTYUMjama y Cpbuijn,
Tako M ca umHcTuTyumjama BaH Cpbuje. BehuHa pagoBa je KONEKTMBHO
aeno suwe aytopa. MehyTum, HEKONUKO ayTopa NOTAMCYje BULLIE Of TpU
paga (Nnpema je u Ha OBOj KOH(pepeHUuju, Kao U Ha Ha BehuHU Opyrux
Hay4HWX CKynoBa, OFPaHU4eHO Aa Ce jedaH ayTop MOXe MojaBuTU Ha
HajBuLLe TpU paga, a camo Ha jegHoM Kkao npeu aytop). Tpeba gogatn ga
CY, Kao 1 NpPeTXoaHNX roguHa, Ha KOHepeHLmMju y4ecTBOBan n nsnaranu
pagoBe, yKibydyjyhn n nneHapHa usnarawa, U Hekagallku npunagHuum
Bojcke, Koju caga page y BUCOKOOOPA30BHMM WHCTUTYLUMjaMa U HAYyYHUM
WHCTUTYLMjama, KaKo Y MHOCTPaHCTBY, Tako 1y Cpbuju.
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Cnaeko W. MokopHu
Konnemx nHchopmMaumoHHbIX TexHonorui, r. benrpag, Pecnybnuka Cepbus

OBJIACTb: BOEHHbIE TEXHOMOMMK
B CTATbW: o630p
A3bIK CTATbW: cepbekun

Pe3some:

B daHHOU 0630pHOU cmambe rpedcmasrsieHbl OCHO8Hble OaHHble O
pesynbmamax, 3Ha4YeHuUu, MUpOo8bIX MeHOeHUUsix U  cghepax
OessimernbHocmu  Cedbmol  MexOyHapoOHOU  8O0EHHO-MeXHUYecKoU
KoHgpepeHyuu OTEX-2016 (7"7 International Scientific Conference On
Defensive Technologies OTEH 2016) u cpasHumesibHbIU aHanu3 ¢
wecmbio npedbidywiumu. [NpueedeHbl daHHbIe MO Kosudecmsy pabom,
qucrly asmopoe/coasmopos, cgep OessmernibHocmu, OnumesisHocmu
nposedeHusi U 4ucry 4reHo8 ombopHol  komuccuu. Cedbmasi
KoHepepeHuusi OTEX-2016, no 4ucry aemopos, 3HaYumesibHO
rpesocxodum ece npoeedeHHbIe paHee.

Knovesble criosa: mexdyHapodHas KoHghepeHuyus, OTEX, 80eHHble
mexHosioauu, 0630p.

7™ INTERNATIONAL SCIENTIFIC CONFERENCE ON DEFENSIVE
TECHNOLOGIES OTEH-2016 (PROCEEDINGS REVIEW)

Slavko J. Pokorni
Information Technology School, Belgrade, Republic of Serbia

FIELD: Military Technology
ARTICLE TYPE: Review
ARTICLE LANGUAGE: Serbian

Summary:

The article presents the basic information about the overal results, the
significance, the international programme committee and the working
areas of the 7" International Scientific Conference on Defensive
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Technologies, OTEH 2016, in comparison with the previous six
conferences. The number of sections, number of papers, number of
authors/coauthors, nhumber od sessions and number of members of the
scientific commitees are presented in the review. This year conference
has had the smalest number of papers but the biggest number of
authors/coauthors since this conference was held for the first time.

Key words: international conference, OTEH, military technology,
review.
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CABPEMEHO HAOPY>XAHE 1 BOJHA OINMPEMA
COBPEMEHHOE BOOPY>XEHWE 1 BOEHHOE OBOPYJOBAHVE
MODERN WEAPONS AND MILITARY EQUIPMENT

Huwarserbe nymem 6exudHe mexHomnoauje’

Amepuyka Bojcka nnaHupa nosesuBake ypehaja 3a nocmaTpamwe Hohy ca
HMLIaHOM OpyXja u odekyje Aa he Ta TexHonoruja 6utn onepatuBHa Beh 2018.
roguHe. OHa he omoryhutu nosesuBake ypehaja 3a HOhHO ocmaTpake ca
TepManHMM HUWAHOM Ha opyxXjy, wto he nomohu BojHMUMMa y ©opGeHuM
cuTyauunjama ga opxe naeHTUdurKyjy 1 yHuwTe HenpujaterbeBe mete. Ouyekyje
ce ga he mHuumjanHa npomsBodra OBUX ypefaja, Ha3BaHuX 6p3a akesusuyuja
Meme, NOYETN Y HapedHWUX HEKONMKO MeceLM.

Cuctem ©Op3e akBu3vLMje MeTe Cchaja [OBe TexHosorvje, HoBe
MoZdepHM3oBaHe Haoyape 3a HOhHO ocmaTpawe NoA Ha3nBoM yHarpeheHe
Hao4ape 3a HohHo ocmamparse (Enhanced Night Vision Goggle Ill),ckpaheHo
ENVG lll, ca cnegehom reHepaumjom TepManHmMx HULWAHCKMX ypehaja nog HasuBoM
CKyn HuwaHckux ypehaja (Family of Weapons Sights), ckpaheHo FWS-1.

Bojuuum he yckopo mohu ga npate v Hanagajy Henpujaterbe y 6p3vm
6opbeHnM cuTyaumjama 6e3 nogusarba opyxja y HUBOY ounjy. BexxuuHn nuHk he
nokasaTu HWLAHCKM KpCTUh ca TepmarnHor HUWaHa AWPEKTHO Y BUOHO nosbe
Haoyapa 3a HOhHO ocmaTpawe ca TakBOM npeumsHowhy aa BOjHUK Hehe
MopaTu Aa AwKe OpyXje y HUBO paMeHa paau ycknafuBara HULLAHCKUX NUHWja.

YHanpeheHa HuwaHcka TexHororvja je n3y3eTHo BakHa y 6nmckoj 6opou
Kaga ce MeTe nojaBrbyjy N HecTajy y aenuhy cekyHae.

Kaga ce meTa nojasrbyje y BUAHOM MOSbY Haovapa, BOjHMK HE Mopa Ou3aTn
nywky Beh camo okpehe opyxje ka HuWaHcKoM KpcTuhy y Haovapama u Hanaga
meTy. NpakTnyHO, OH MOXe nyuaTy ca boka 6e3 KnacuMyHor nogusarba nyLuke u
HULWakeHa Y HUBOY pameHa.

HuwaHckn ypehaj FWS-1 je TepmanHa HULWIaAHCKa cnpaBa koja ce Hanasu
Ha ropweM feny jypuiiHe nywke M-4. OBaj ypehaj je moryhe noctaButn u Ha
Telwke muTparbese kanubpa 50, ogHOCHO 12.7 MM.

Cnuka ca TepManHe HuwaHcke crnpaBe BeXWYHO ce arbe y Haoyape 3a
HohHO ocmaTpawe ENVG Il n npukasyje y BugHoMm nosby Haodapa. OHa ce
CacToju 0f HWLLAHCKOT KpCTa M Aena crvke TepMariHe HULaHCKe crnpaBe BUCOKe
pesonyuuje.

Haoyape 3a HOhHO ocmaTtpawe nocenyjy ABa kaHana. JefjaH KaHan
YKIbydyje CcTaHgapdHoO YHanpehewe crvke, OOK Opyrn npukasyje Cruky ca
TepmanHe HuwaHcke cnpase. Obe cnuke wWarby ce OBeXuYHUM nytem wu
npukasyjy crnojeHe y UCTOM BUOHOM MOrby, Tako Aa ce He BUAM pasnuka namehy
ABa pasnuynTta n3sopa.

YHanpeheHn mogen Hao4dapa 3a HohHo ocmaTpawe ENVG Il omoryhyje
Behe BuMgHO norbe, Gorby pesonyunjy, OeTekTyje MHpaupBeHe nacepe U
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nocenyje MOryhHOCT rnacoBHOr ynpaerbawa. OBa TexHonorvja je y dasu
TecTupama n 6uhe onepatneHa Tokom 2017. roguHe.
HuwaHcku kpcTuh nojaerbyje ce y BUAHOM MOSfby Haoyapa 3a HONHO ocMaTtpane
Kagja je opyxje ynepeHo y meTy. Moryhe je Hanactu MeTy OHOr TpeHyTKa kaja
ce nojaeu kpctuh y BugHom nosby. Hema Buwe notpebe 3a ansakem opyxja u
HUWakera Ha MeTy. HuwaHckn kpetuh je Beh y BUAHOM Mosby.
Amepuyka Bojcka nnaHupa Habasky 40.000 Hao4apa 3a HOhHO ocmaTtpake Tuna
ENVG Il
Hpazax M. Byukosuh (Dragan M. Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: "=http://orcid.org/0000-0003-1620-5601

Hoeu onacHuju neonapd?

Hemauka Bojcka ognyymna je ga noseha 6poj 1 ybojutocT cBOjUX TEHKOBA
Leopard 2. OBa oanyka je ycneguna HakoH MOpPyKe Hemaydkor MUWHWUCTpa
ondpaHe koju je Tokom anpuna 2016. roguHe nsjasuno ga he 6uTn Npegys3eTo HU3
Mepa YCMepeHuUX Ha jayare Hemadke BOjcke, YKIbyyyjyhv u nnaHupaHo
nosehawe ¢roTe TeHkoBa ca 225 Ha 320 komaga. OBa uHuumjaTuBa Tpebdano
On [ga OKoH4Ya cmawMBawe Opoja HemauykuMx TeHKkoBa koja je 2012. roguHe
nmana camo 350 onepaTmMBHUX TeHKOBa Leopard 2.

MoyeTkom okToGpa 2016. roguHe, komnaHuja Rheinmetall nsHena je HoBe
Jetarbe y Be3u C MogepHusaumjom TomoBckor cuctema 120 Mm ca rnaTkom
ueBn. TeHKOBM OMpeMIbeHU OBUM cucTemMoM Hocuhe o3Haky Leopard 2A7V.
MHTepecaHTHO je Aa je TO O3HakKa jegHor oA NPBMX HEMAaYKMX TeHKosa Yy [psBom
cBeTckom paTy — A7V Koju ce nojaBmo Ha 6ojHOM norby npe TavyHo 100 rogmHa.

OcvM Hemaukmx TeHKoBa W XonaHACKM TeHkoBu Tuna Leopard 2A6 (16
komaga) u 68 TeHkoBa Tuna Leopard 2A4 koju cy KynrbeHu of LIBeACKe Bojcke,
kao n 20 TeHkoBa Leopard 2A7 koje je komnaHuja KMW wncnopyyuna HeMaudkoj
Bojcum y nepuoay of 2014. oo 2015. roanHe npeasuheHn cy 3a MoaepHU3aLmjy.
Tako he y capawreM crtamwy octatu 155 TeHkoBa Leopard 2A6 wun 50 TeHkoBa
Leopard 2A6M. lNpea aBa gemoHcTpaTopa tuna Leopard 2A7 6uhe ncnopydeHa
3a notpebe Tectupawa y Tpehem keaptany 2018. roguHe. BaxaH pgeo
MOZepHu3aunje npepcraerbahe yrpagkha MoaepHu3oBaHor mogerna tona 120
MM ca rnatkoMm uesu (L55A1) koju je npBu nyT yBedeH y ynotpeby Ha TEHKy
Leopard 2A6 .

Leopard 2A7V cagpxahe cBe MoaepHu3aumje Koje cy yBegeHe 3a mogen
Leopard 2A7, ykrbydyjyhu cuctem 3a KnumaTtcKy KOHTpory, nomohHu arperaT og
17 kW Steyr M12, gurutanHu yHyTpalwby KOMyHUKaumoHn cuctem Thales
SOTAS, cuctem 3a ynpasrbake 6opbom IFIS ca HoBuM gucnnejuma 3a nocagy,
MOOEPHM30BaHE HULLIAHCKE CrpaBe KOMaHaupa M HUWaHuuvje ca TepMarHum
kamepama Airbus ATTICA, MobunHmn kamydnaxHu cuctem Saab Barracuda,
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KoMnneT 3a 3awTuTy Of MUHA U CUCTEM 3a nporpamupare BULLIEHAMEHCKe
ecknnosunsHe rpaHate MKM.

YHanpehenn Tton L55A1 6uhe dopmanHo kBanmdwukoBaH 3a pag nog
Behum nputuckom (700 MPa ymecto 670 MPa). Crpyywaum kKomnaHuje
.Rheinmetall”, koju page Ha pa3Bojy oBe BapujaHTe of 2004. rogmHe, Beh cy
nsjasunn ga Behm nputucak y uesun Hehe yTmuatn Ha cMarwere nepdopmaHcu
Tona, ogHocHo ga he ton n garbe nmatn numut og 1.500 ucnarbeHmx rpaHara.
Buwe nocna 6uhe Ha mM3aMeHM cuctema 3a udbauuBame YTPOLUEHUX Yaypa
rpaHara.

CraHpapa dvenuka ynoTpebrbeHor 3a ues Tona L55A1 (n3gpxromBocT
1.100 MPa) 6wuhe nctM kao M 3a OCHOBHY Bep3ujy L55 306or HepocTaTtka
BpeMeHa 3a dopmanHoMm KeBanudukauumjom ausajHa tona L55A1 ca yenukom
Behe cHare 36or nnaHupaHor 3aBplueTka TeHka Leopard 2A7V. lNoyeTkom 21.
BEKa, KOMMaHuja je oTkpuna sep3njy Tona ca rnatkom uesn 120 mm, ayxuHe 47
kanmbapa ca kpahum Tp3ajem nagpxrbmnsoctn 1.300 Mpa koju je nmao jow Behu
003BOSbEHN NpUTKCaK y Lesu (go 750 Mpa).

Komnanuja ,Rheinmetal” je uspaguna n Bep3ujy Tona L55 ca yenukom
n3gpxromeoctn go 1.300 Mpa koja je 6Guna npegsuheHa 3a MHCTanauujy Ha
Kynonu TeHka Challenger 2, a koja je ycnelwHo TectupaHa y Benvkoj bputanuju
Tokom 2005. roguHe.

MnaHupa ce yrpagwa npotusTp3ajHe kodHuLe K900 Ha HOBOM TEHKY, MaKo
TO HWje HeonxodHO npunukom rahaka ca TPeHyTHO nocTojehoM MyHWLMjOM
DM63/63A (Op3vHa ca nogkanubapHum neHeTpatopom je 1,720 m/s). OBy
6p3nHy nocTnxky Tonosu L55/L55A1, anu ce oyekyje ga he TeHk Leopard 2A7V
MoXJa mucnaremeaTtu 1M neHetTpaTope Behe 6p3vHe y HEKOM HapedHOM nepuoay.
MpoTtmeTp3ajHa kovHuua K900 yBepeHa je y ynotpeby Ttokom 2001. rogmHe ga
6u omoryhuna cmamere Tp3aja TonoBcknx cuctema L55 n L44 ca npeTxogHum
neHetpatopom DM53 KE (6p3mHe 1,750 m/s n nputucka raca og 575 MPa).
Ouekyje ce ga he oBa racHa kovHuMua MOhM ga KOHTpomnuwe Tp3aj koju he
NPOM3BOOUTU HOBM OYXWN KMHETUYKM neHeTpaTtop 120 mm KE2020 koju je jow y
hasu pasBoja.

Nako ce He o4vekyje aa he HoBM neHeTpaTtop yhu y onepaTtuBHy ynotpeby
npe 2022. rognHe, oyekyje ce oa he neHeTpaTop MCKOPUCTUTU CBE NPESHOCTH
nosehaHe cUrypHocHe MapruHe nputucka y uesu Torna L55A1 ¢ o63mpom Ha
HOBW cacTaB MPOMyn3vBHOI EKCNo3MBa U HOBOI CUCTEMa Narbera 3a Koju ce
oyekyje aa he nosehatu nepdopmaHce KuUHeTuukor neHetpatopa DM63 3a
Hekux 20 nmpoueHaTa. O4ekyje ce ga he HOBM MeHeTpaTop MMaTU jesrpo of
Bondpama, anu 6e3 kobanTa, wro 6u yBaxuno cee nocrojehe npumende y Besun
ca cepvjom DM53 1 DM63.

Y mehyBpemeHny, kouyHnua K900 opabpaHa je 3a yrpagwy y 128 TeHkoBa
Leopard 2A4 ca TonoBuma Tuna L44 koju cy nnaHuMpaHu 3a moaepHusaumjy (y
norbckoj Bojcun) y nepuogy oa 2018. go 2020. rognHe. OBakBa MoaepHu3auuja
nnaHupaHa je pagu cmarera pusvka of noxapa y cnyyajy owtehera Bosuna
y 6opbu. MNorbcka Bojcka oanyyuna je ga 3aMeHu CBe xugpaynuyHe cucteme y
Kynonu, ykrbyyyjyhm u©  enekTpoxugpaynuyHum CUCTEM 3a KOHTPOny M
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cTabunusauujy enekTpuyHMM mMotopmma, a yHanpefeHa koyHunua K900 nyHu ce
MeLlaBMHOM BOoJe U rnuKona yMmecTo yrbeM Kao npetxoaHa kodHuua K600.

Behe je 6orbe?

Mako Hemadka BOjcka TPEHYTHO pasBuja camo opyxje y kanubpy 120 mwm,
komnaHuja ,Rheinmetall” 3ano4ena je passoj HoBor mogepHor Tona 130 MM y
concTBeHoj pexujn. NpojekaT je 3anoyveT 2015. roguHe ca npeTnocTaBkom aa he
yckopo 6utn notpebaH mohHuju Ton og noctojeher 120 MM ca rnmaTtkoM LEBW.
Mpetnoctasrba ce ga he HoBu Ton OuTKM pasBujaH 3a bByayhe bpaHuycko-
HeMayKo BO3WIO 3a BaTpPeHy NoApLUKY, NOA4 pagHUM Ha3MBOM OCHOBHW KOMHEHM
6opbeHn cuctem (MGCS Main Ground Combat System) koje he y notnyHocTh
3amMeHuUTM TeHkoBe Tuna Leopard 2 y nepuogy HakoH 2035. roguHe.

MpBo TecTuparwe MyHuumje y kanmdpy 130 MM 3akasaHo je 3a kpaj 2016.
roouHe M Taja ce odekyje oueHa nepdgopmaHcu namelhy Tonosa 120 mm 1 130
MM NpOTMB MeTa koje 6u npeacTtasrbane Hose un byayhe TeHkose. [umeH3suje
Hosor Tona 130 MM TpeHYTHO HWUCY orpaHnyeHe rabapuTmma noctojehe Kynone
TeHka Leopard 2, anu 10 61 ce MOrNoO NPOMEHUTU YKONWKO Hemayka BOjcka TO
3aTpaxu. TpeHyTHa Bepauja Tona 130 mm je camo 200 kr Texxa og Tona L55 120
MM ca rnaTkom ueBu. Ton je gyxunHe 51 kanmbap, maca my je 1.400 kr (oy>xuvHa
uesn 6,630 mm), n3paheH je o venuka Benvke cHare anv 6e3 cneumdukaumja,
OOK My je ykynHa gyxuHa 7.160 mm. OBe gumeHsunje ogrosapajy tony 120 mm
XM 360 amepudke BOjcke KOju ce Hanasu Ha GopGeHom cuctemy XM1202
Mounted Combat System koju ce passuja 3a 6ygyhe oknonHe cucteme (Future
Combat Systems).

Ton XM 360 6vo je npeasuheH 3a yrpagwy y TeHk M1A2 Abrams nog
HasneBoM XM360E1, a koju je onpemrbeH KOMOpPOM Koja wusgpxasa Behwu
npuTucak, a uma mamu nospatHu Tp3aj. MNopefherwa pagun, 3anpemmHa KoMope
Hemaukor Tona 130 mm je 15 n, wTo je 3a 5 n BUWwe of 3anpeMnHe Komopa
Tonoea L55A1 n XM360E1, a go3sorbeHu nputuncak je 880 Mpa.

paHaTa Tona 130 mm Guhe u3 jegHor gena (oyxuHe 1,3m) u mace 30 kr,
wTo he npoyspokosaTtn notpeby yrpagHwe ayToMaTCKOr NMywaya y onepaTtnsHOM
TeHKy. Mnak, oyekyje ce ga he komnanuja ,Rheinmetall” mohu ga npoussege
rpaHaTy M3 ABa Aena, yKonuko 1o byae TpaxeHo ycrnen koHdurypauvje byayhe
Kyrnorne v onTMMarnHor ckrnaguwitewa MyHuumje. [lBogenHa rpaHata passujeHa
je n 3a npojekat 6yayher tona (Future Tank Main Armament) koju 6u 6vo y
kanubpy 140 mm, a pa3sujane cy ra PpaHuycka, Hemauka, Benvka BputaHuja n
CA[ kpajem ocampeceTux roaunHa y jeky xnagHor pata. HakoH pacnaga CCCP-
a oBaj Npojekar je HanyLwTeH.

loguHe 1999. Hemaykm WHXeHepu jaBHO cy o06jaBunu nogaTke o
ocTBapeHoj eHeprmju of 23 MJ 3a kuHeTudku npojektun 140 Mm. Ynotpebom
JaHalHbnx TexHonornja uhe moryhe ocTBapuTh UCTY KOMMYUHY eHepruje, anm
y kannbpy 130 mm.

[Mpuya 0 HOBOM TEHKY M HOBOM TOMY Harno je gobuna Ha BaXHOCTU HaKoH
wTo je Pycuja npBm nyT nprkasana cBoj HOBU TeHK T-14. 3anagHun aHanutnyapu
He cyMHhsajy y (CKOpo) peBonyLMoHapHe MOryhHOCTM HOBOI PYCKOr TEHKa Kojer
6u capawwn 3anagHu TornoBu 120 MM Tewko npobujanu, anu noctaerbajy
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nutawe — aa nn Pycuja nma JoBOMbHO cpefcTaBa Aa Kynu Behe KonuumMHe Tux
TEHKOBa. Y MpuUIior UM nay u HOBe OAMNYyKe PYCKOr MMHUCTapcTBa ofgbpaHe Koje
je ognyumno ga mogepHuayje Benuku 6poj TeHkoBa T-72 y HoBM cTaHgapg T-
72B3. Mo goctynHum nogaumma, Ao kpaja 2016. roamHe suwe of 600 TeHkoBa
T-72 duhe yHanpeheHo y Taj cTangapa.

Y cBakom crny4ajy, BOjHU KOMeHTatopu ouvekyjy ga he Hoeum Tton 130 mMm
OMTK NOTNYHO edmkacaH NPOTMUB PyCKOr TeHKa T-14, a HABOAHO YaK U HEroBUX
HacnegHuvka.

Hpaeax M. Byukosuh (Dragan M. Vuckovié),
e-mail: draganvuckovic@kbcnet.rs,
ORCID iD: " http://orcid.org/0000-0003-1620-5601

F-35 moxda Hukada Hehe 6umu cripemaH 3a 60p6y°

M3BewrTaju ca TectoBa onoBpraBajy OMNTUMWUCTUYHE HaBOAE aMepPU4KOr
paTHOr Ba34yXxonfoBcTBa

Mporpam noBua-6ombapaepa F-35 je Hajckynibym nporpam HabaBke vy
nctopmju lNeHTaroHa 1 oA ctapTa ra npaTe OrpoOMHa KallkeHa, Npekopayera
TPOLUKOBa U HU3 MU3BeLUTaja O fowmnM nepdopmaHcama.

HepaBHO je AMepuyko paTHO Ba3gyxonyioBCTBO 00jaBMNO da je Huxosa
BapuvjaHTa nosua ,cnpemMHa 3a 6opby”, WTO je n3aseano amepuyke meguvje ga
objaBe BecT fa je nmporpaMm KOHA4yHO KpPeHyo y npaBoM cmepy. MehyTtum,
HakHagHO wM3gaTM MemMopaHayMm 3BaHMYHMKa [leHTaroHa, AupekTtopa 3a
onepaTtMBHE TEeCTOBe W eBanyauujy, HaafexHor 3a TecTupare nertenuue
Majkna Munmopa (Michael Gilmore), 3acHoBaH Ha nogauvma TectoBa npumepka
13 paTHOr Ba3ayxonsoBCcTBa, MoKas3ao je Aa ce pagm o NnpeypakeHoM CraBsby.

MemopaHaym DOT&E op 16 ctpaHa HaBogu Aa je nporpam netenuue F-35
CTao Ha TakBOM MeCTy Aa ce Moxe pehu ga ,nocToju MoryhHOCT HencnyhaBakba
nyHMX kanauuteta nporpama Block 3F”, ogHocHo 6ayeHmx 400 munuvjapau
gonapa amepwykor CtejT aunaptmeHTa. MemopaHaym y geTtarbe objawnaBa
Kako nmporpaMm Beh HEeKOnuKo roguHa npobuja cBe pOKOBE U HE UCMyHaBa HU
OCHOBE 3axTeBa NocTaBrbeHe npeg noeau F-35.

Kako caga crtBapu ctoje, F-35 6u mopao 6exatn og Gopbe n TpaxuTu
nomoh of Apyrux asuoHa, jep ,My Tpeba nogplka y nouupamwy UUIbeBa,
aHraxoBsamwy hopmauuja HenpujaTerbCkMx noeaua ca 063Mpom Ha HeBepoBaTHe
HegocTaTke y nepchopmaHcama 1 orpaHU4eHor cnpemMumLITa Haopyxara”.

MemopaHaym DOT&E, y Hekonuko HaBpaTta, ouewyje aa je F-35A vy
CYLITMHU NOLWMjKU aBMOH of TPeHyTHO noctojeher. Takohe, HaBeaeHo je Aa je
KOHCTaHTaH NpuvB NO3UTMBHMX OLEHa, Y CTBapu, hancnduKoBaH.

® War is boring 10 September 2016
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F-16 uzbauyje monnom+e mamue y 6nusuHu F-35 npunukom maHesapa y XonaHouju

OepaHu4eHe bopbeHe crnocobHocmu

Amepunyko paTHO Ba3ayxonsioBcTBO ob6aBecTuno je KoHrpec aa ce msjasa o
LMH1LUMjanHoj onepaTMBHOj CNOCOGHOCTN” OAHOCK Ha TPEHYTHY Bep3njy F-35A
(Block 3i) koja MoXe neTeTn y TpM OCHOBHE BpCTe MuUCUHja — ONMCKOj Ba3ayLUHO]
nogpwun, 3abpaHn netoBa M OrpaHMYEHUM HanaguMa Ha HenpujaTerbcky
NpPOTMBBA34YyXOMNINOBHY oabpaHy.

Amepuyke opyxaHe cHare npumajy ucnopyyeHe mogene F-35 cykuecumBHo,
Tako LITO CBaka ucnopyka obyxBaTa MOAepHW3OBaHe Mofene, kao LITO
TpEeHyTHO HajHoBuWja Bep3uja F-35 Hocu popatHy o3Haky Block 3i, wro joj
omoryhaBa u3BpLUaBawe TPU OCHOBHE MucWje — GnUCKY BasgyLUHY NOAPLLKY,
3abpaHy Ba3gyLIHOr NpOCTOopa U Hanage Ha HenpujaTerbcky BasgyLuHy oabpaHy
y orpaHuyeHom obumy. lNpeTxogHa Bepauja Hocuna je goaatHy o3Haky Block
2B, Kkoja je, y O4HOCY Ha HOBe Bep3uje, MMana 3acTapenu Kommnjytep Koju je
n3bavyeH wu3 ynotpebe. CBe cnegehe MoaepHM3auuvje uMajy 3a UWb
WHKOpnopupame cBux 6o0pbeHnx cnocobHOCTH.

Y TpeHyTHOj KoHdurypaumju F-35, HamereH amepuykoM paTHOM
Ba34yXOMoBCTBY, MOXe HOCUTM CaMO [Be pakeTe Ba3dyx-Ba3gyx Ayror JoMeTa
(anun 6e3 pakeTa Ba3gyx-Basayx KpaTKor AoMeTa ca TOMMOTHUM HaBoheweMm) u
OBe 6ombe 3a Hanage Ha unrbeBe Ha 3eMrbu. OBakaB, BpSio cMpomaluaH 6ojeBu
KOMNMeT pes3ynTaT je MocTojakba 030MIbHWX COdTBEPCKMX Mpobnema, a He
HeKnx noTeHuujanHux (Mako jow HemcnpobaHmx) cnocobHOCTM aBMOHa 3a
cmewTaj Behe konuumHe Haopyxawa. OBaj 6opbeHn komnneTr Hanasm ce y
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YHYTpaLWH0CTU aBnoHa, a Moryhe je noasecuTn godaTHe KOnuyuMHe opyxja Ha
CMOJSBHUM MOABECHMM HOcaumMma, anv he y ToM cnydajy 6uTn 3HaTHO HapyLueHe
,CTeNnT” ocobvHe aBuOHa, anu 1 HEeroB JOMeT.

lMporpamepu TpeHyTHO paje Ha pa3Bojy cnefehe Bepsuje codpteepa Block
3F (ca Benukum npobrnemmnma) koja 6u morna omoryhmutn noeuy F-35 ynotpeby
Behe KonmuMumMHe pasHOPOAHOr HaopyXaka Kao LWTO je npBOOGUTHO M Burno
npensuheHo, anv aBMoHU ca OBOM Bep3njoM codoTBepa joLl Cy BPJSio JaneKo of
onepaTUBHOI TeCcTupawa, a jow paroe of yeBohewa y eckagpune amepuykor
paTHOr Ba3gyxonoBCTBa (a ApYyrMx BasgyxonnoBCTaBa 3emarba LUMPOM CBeTa
Koje cy dwHaHCcHjckm yyecTBoBane Yy pa3Bojy nosua).TpeHyTHO, npema
memopaHgymy DOT&E, F-35 je ocnocobrbeH 3a y4yelwhe y opyxaHoMm CykoOy,
anu camMo ca MnoMeHyTMM 0ojeBMM TepeToM, LUTO ra He YuHM npeTepaHo
KOPUCHUM.

Jow jegaH op npobnema ca kojum ce cyoyaBa F-35 je HepocTatak
ynoTpebrsueor Tona. Hoswu, aktyenHu codpTep nosua F-35, nog Hasneom Block
3i, jeqHoCTaBHO HWje ypadyHao onuujy Tona Ha aBWUOHY, jep je Taj cothTBEPCKU
Aeo 01O npucyTaH y npetxogHom codtBepckom nakety Block 3F, a koju jow
Huje gosplueH. lNopen Tora, nojasure Ccy ce CyMwe Aa Nu je HajHoBuja Bep3unja
BPJZ1I0 KOMMNSIMKOBaHEe MUMNOTCKE Kauure Kojom je jeanHo moryhe uurbatu TOnom
AOBOJSBHO NpeunsHa 3a norafawe BasayLWHUX UK KOMHEHUX MeTa.

MomeHyT memopaHaym DOT&E Takohe nomunse noctojake npobnema ca
Tonom Ha Bep3nju F-35A npensuheHoj 3a amepuyko paTHO Ba3ayXOMNIoOBCTBO.
Camo je oBa Bepauja neTenuue oOnNpemsbeHa TOMOM KOjU Ce Hanasn y
YHyTpawHem cnpemuwty. Bepaunje 3a amepuykm MapuHCKM KOprnyc W 3a
amMepuyKy MopHapuLly ONpeMIibeHe Cy TOMOM MOCTaBILEHVMM Y MOABECHOM Aery
Ha AOHEM [eny aBUOHA.

F-35A usbauyje 6omby JDAM mokom mecmuparsa 2012. 200uHe
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Pagn ogpxaBarwa HEBMAIBMBUX OCOOMHA aBMOHA, TOM je MOCTaBILEH U3a
Manux BpaTta koja ce OTBapajy Tek mpunukom rahamwa Tona, a TeK je HeJaBHO
npuMeheHo fa y TPeHyTKy OTBapaka TOMOBCKMX BpaTa Aonasu [o Mmarnor
CKpeTawa aBMOHa ca CBoje NyTawe, WTo 6u Takohe Morno [oBectM Ao
npomaiwaja. MemopaHgym DOT&E Harnawaea ga he nMnotv MmaTty BENUKUX
Tewkoha ga noroge UWib TOMOM, TUM Mpe LWTO je YKyMaH KanauumTeT TOMOBCKUX
rpaHata y nosuy F-35 camo 181 rpaHata y ogHocy Ha 511 y nosuy F-16 unu vak
1.100 3a noeau TeHkoBa A-10.

lNospede nunoma

Munotcka Kauura, ynja je BPeAHOCT HEKOMMKO CTOTUHAa Xwurbaga Aonapa,
TeLKa je Yak 2,5 kr n npunnkomM nonetawa MopHapuyke Bepsuvje F-35, ogHOCHO
NPUNYKOM KaTanynTmpaka aBMoHa ca Hocaya, 4onasu o Harnor nokpeTta rnase
nunoTa Hasaf, OAHOCHO Hanped. Y 70 nocTo katanyntupaka aBMoHa nurnoTu cy
npuvjaBunn ymepeHe Ao 3HatHe 6onose y rnasu u Bpary.

Mpunukom naHcupara Jonasn u o rybutka nopasHaka NUMOTCKE Kauure.
Munotn cy npuvjaBunu notewkohe y ynTakwy KPUTUYHUX WMHpopMauwmja koje ce
npukasyjy Ha ekpaHy kauure. OHUM ce xane fa je To Bpro onacHo, jep ce Aewlasa y
HajKpUTHMYHWjOj dhasu neTa, MPUIMKOM camor faHcupara ca Hocadva. cy [Nokywanm
Cy [a ymawe ocuurnauumje Tako WTo cy Kpahe u yBplhe Be3vBann CUrypHOCHe
nojacese, anu cy oHAa vmanu notelwkohe Aa goxsaTte oapeheHe npekvaaye Ha
KOHTPOIHOj Tabnu, Kao v py4dKy 3a kaTanynTuparbe NUOTCKOr ceauLuTa.

Briucka nodpuwka nosya F-35 moxe yepo3umu mpyrne Ha 3eMibu

Kako ce HacTaBrba gebara o 6ygyhHocTM Mucuja Bnvcke nogpLuke, jeaHa
cTBap nocTtaje curypHa: F-35 jow yBek Huje y moryhHOCTM fa nofapxasa Tpyne
Ha 3emrbu. MNomeHyTn DOT&E memopangym Harnawasa ga je nosau F-35A y
KoHdurypaumju Block 3i 3HaTHO numuTupaH y 6nmckoj BasgyLlHOj moapLium y
oaHocy Ha noctojehe moryhHocTu aBuoHa kao wTto cy F-15E, F-16, F-18 n A-10.
Kao WTO je npeTxogHO HaBedeHO, aBUOH MOXEe HOoCUTK camo aBe 6ombe koje cy
npesule Benvke ga 6u ce Morme KopucTuTyM Bnm3y npujaTerbCKMx cHara, a Yak u
kaga 6y F-35A morao ynoTtpebutn obe bombe, mopao 61 ce ogmax BpatuTn y 6asy
paau NOHOBHOT NyHsersa. Y KOHKpEeTHOM criydvajy 6a3a 6u ce Hanasuna ganeko o
bojuwiTa, jep je aBnoHy notpebHa GeToHCka NMOMETHO-CEeTHa NUCTa Yy OY>KUHU Of
Hajmane 2.438 meTapa ca Bprio 036UrbHOM MOMMCTUYKOM MOAPLUKOM, LUTO 3HATHO
yMatbyje 6panHy ogroeopa 3a 61MckoM BasgyLHOM MOSPLUKOM.

TonoBwu cnagajy y HajecpmkacHuje opyxje y cuTyaumjama 6nvcke BasayLuHe
nogpLuke, MHoro edukacHuje Hero pakete (koje F-35A TpeHyTHO yonuiTe He
MOXe Kopuctuth). TO je HapouMTo BaHO Kafa je MoTpebHO aHraxoBaTtu
LUnIbeBe Koju cy Bpro 6nm3y npujaterbCkum cHarama.

Jlacepckn BohieHa 6omba GBU-12, manwa of jeamHe ase 6ombe Koje Hocu
F-35A, nma nywere og 267 kr ekcrinosmea. Ako je bomba n3baveHa ca BUCKMHE
oa 250 meTapa Benuka je BepoBaTHoha ga he ekcnnosvja oHecnocobuTn u
npujaterscke cHare Cc 063MpoM Ha TOo da ce 6opbe Boge OOBWYHO Ha
pasgarbnHama makum og 100 meTapa.
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Ca gpyre cTpaHe, npeumsHa TOMoBCKa BaTpa buna 6u MHoro edmkacHuja,
jep ov rpaHata Tona 25 MM Morna noroguTy UMIb KOju ce Hanasu y paauvjycy o
100 meTapa 6e3 onacHoCTK No npujaterscke cHare. To 6u Morno 6uTn AOBOSBHO
aKo ce He BpaTMMO Ha Mpobriem oTBapaka TOMOBCKUX BpaTa M €BEHTyasHor
CKpeTara aBMoOHa ca nyTame..

MoTpowmra ropmea npeacTtaBrba Apyrn akTop Koju 6u ymHorome morao
yTnuatn Ha ecpmkacHocT F-35A Ha mogepHoM GojuwiTy. Jletenunua TpoLwm MHOro
ropMBa U yMHOrome je 3aBUCHa Of BasgyllHMX TaHkepa. Actu memopaHaym
HaBoan pa: ,F-35 nma Benvky noTpoLuky ropmea 1 Tpeba My BuLLe BpemeHa 3a
BasgylHa nyweHa WTo ckpahyje Bpeme 3a Bpeme Kojer netenuua Moxe
npyxaTtu Ba3gyLUHy NoapLUKy®.

TpeHyTHO aBuoHM Tuna F-35 umajy jegHO noneTawe-cnetakbe Ha net
OaHa. pyrum peunma, eckagpuna og 12 nosaua F-35 Ha mucujama y 3emrbama
Kao wTo cy ABraHucTtaH unu Cupwja, WTO Cy TUNUYHE MUCKje aBuoHa F-16 mnu

A-10, morne 61 NpyxuTn B6NMcKy BasgyLIHy NoapLUKy y obrnuky o camo jeaHor
F-35 no 3emrbn y jegHom gany.

Ob6jedur-asar-e nodamaka cmeapa Oyrsy CIUKY

ABWoH F-35, kao n cBu noBuuM, UMa pagape, Bugeo-kamepe, UHdpaupeHe
Tparaye M MacuMBHE ENEeKTPOHCKe pucuBepe MoMoNy Kojux nouupa uurbese u
npeTHE Y Ba3ayLHOM NPOCTOPY WK Ha KOMHY. JeaHa o4 OCHOBHUX O4JIMKa OBOr
NoBLA jecTe Aa je HeroB KOMMNjyTep y cTakwy Aa objeavHu cee mHdopmauumje
npuKkynibeHe of cBojux U TyfUX ceH3opa M Ja Ha OCHOBY TOra reHepuile
jeAnHCTBEHY COTBEPCKY CMMKY O CBakoM LWUIbY U cBakoj npeTwu. OBa cnuka
3aTMM ce ogmax Aenu ca CBUM aBuMoHMMa Yy popmaumju. Vaeja je ga csaku
aBMOH [06Wje NpeLm3Hy CrrKy O OKOMMHM Y KOjoj ce Hanasu copmaumja aBMoHa
M To GP3MHOM KOja enumuHULLE MOTPeby 3a pa3MeHOM [NacoBHMX NodaTaka.
Tako je 6ap 3amMULLIIbLEHO.

Y ctBapHocT cBuM noBum F-35 wmajy npobrnem ca ynpaBrbakem U
objeantaBarbeM COMCTBEHMX MOAATaka, kao U HMXOBMM npocnehvBakbem ka
OpyrMMm aBuoHMMa y doopmaumjn. TecT-nnnoTu cy npujaBunmn ga huxosu rosum F-
35 cTBapajy BMLECTPYKE NaKHe NofaTke Kaga Cy UM YKIby4eHu CBM ceH3opu. Ha
npuMmep, Kaga pagap v MHMpaupBeHU CEH30pU NoBLa AETEKTYjy Henpujaterbckm
aBuoH oba ceH3opa npuKasyjy UCTU LnIb Kao ABa Lnrba Ha NuroTekoj Kaumru. Mcta
CTBap ce [ellaBa Kaga [Ba Unu BuLLIE CeH30pa OETEKTYjy UCTY KOMHEHY METY.

TecT-nnnoTun pelasanu cy Npobnem Tako LITO Cy MCKIbyYMmBanu gogatHe
CeHsope; Ha MpuMep, ako je pajap YKIbydeH MCKIbyumBanu 6u mHdppaupseHe
ceHsope u obpaTHo. To, HapaBHO, Huje [06po peluerwe ykonuko 6u ce
cnpoBoauno y 6opbeHum cutyaumjama. Memopangym DOT&E nomeHyo je n oBy
KOHCTaTauujy M 3akibyymo Aa TO NpeAcTaBiba KpLUEHe OCHOBHUX MpUHUMMA
objegvhaBarba MnogaTaka W3 BULLECTPYKMX CEH30pa Y jedHy jacHy CIuKy
noctojehe cuTyaumje y Kojoj je NoTpebHO MAEHTUMUKOBATM M aHraxoBaTu
Henpujaterba. OBaj Npobnem He jaBrba ce camo y cnydvajy objeguhaBana
nogaTtaka goGujeHNX 13 pasnuyunTMX CeH3opa y camom NoBLy Beh 1 Npunvkom
pasaMeHe nogaTaka namelhy aBnoHa y oopmaumjy nytem gata fivHKa.
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Jloeaucmuuko ocobrbe aHanu3upa nodamke ca F-35

WHauve, 1O je Buna jegHa og OCHOBHWX MpegHOCTW foBaua HOBe nete
reHepauuje. lNpBo je F-22 morao npumatu 1 pasmewnBaTu nogatke ca Apyrum
nnatgopmama, LITO ce Y MpaKcu nokasarno kao penaTtuBHO TELIKO OCTBapuBo, a
3aTuM je Ta onuuja HajaBrbMBaHa Kao jegHa of Hajpehux npegHocTy Hosor F-35
(wTto 6m y Teopuju n 6Guno cjajHo, jep 6u netenuua Guna y moryhHocTn ga
aejcTyje 6e3 yKibyumBaka CBOjUX aKTUBHMX CEH30PCKMX CUCTEMA, LUTO 3Hauu
Aa 61 y noTnyHOCTU OMnM MCMOLWITOBAHM MPUHLMMM ,HEBMASBUBOCTA”), anun 3a
cafa jequHu pesynTaTt npeacTaBiba caMo 4o4aTHO onTepehene nunoTa.

lNpobriemu ca noeucmuyYkum coghmeepom

[pyra Benuka mn cKkyna KOMMoOHeHTa nporpama F-35 jecte ayTOHOMHM

NOrUCTUYKN  MHAOPMALMOHN  CUCTEM, KOMIMIIEKCHW KOMMjyTEPCKN  CUCTEM
(Autonomic Logistics Information System — ALIS) koju je koHUMnNupaH Tako ga
MakcumanHo aytomaTtu3yje 6GopbeHe onepauwje, AujarHOCTUKY W yonwiTe
oapxasare netenuue. Mefhytum, ALIS je noctao Benuka HohHa mopa.
Hoea Bep3anja cuctema ALIS, nog osHakom ALIS 2.0.2, Tpebano je aa 6yge
ncropyyeHa amepuyKkoM paTHOM Ba3[yXOMSIOBCTBY MNPWMMKOM 06jaBrbyBarba
WHUUMjanHe onepaTvBHe rOTOBOCTW, anu ce TO HWje Aecwuro, Tako da je y
ynoTpebu jow yBek cTapa Bep3uja mporpamMa Koja jowl yBeK Huje y cTawy Aa
npuxeatm M obOpagn nogatke of KOMMjyTEPCKOr CUCTEMa Koju yhnpaBiba
mMoTopuma Pratt and Whitney.
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Komnjytepcku cuctem ALIS 3amuwirbeH je Tako ga kombuHyje nogaTke ca
KOMMjyTepa y aBMOHY ca nogauuma M3 Apyrux Kommjytepa u codreepa Ha KOMHy
pagn dopmMmupara CBEeTCKe Mpexe koja 6u 6una y mMoryhHOCTM ga u3BpLUM
YyNnogoBake W [ayHNodoBake nojataka 3a cBaku neT nosua F-35, Bpwm
OnjarHOCTUKOBake OApXaBaka, Aoderbyje 3ajaTke ofpkaBarwa nocajama
MexaHu4yapa, npaTu CBe WHCTanaumje xapgsepa wm codTBepa, npatu cee
mMogudvkaumje Ha aBUOHY M Hanaxe CBe NPEBEHTUBHE pafHe OApKaBak-a.

OBaj KOMMMEKCHW KOMMjyTePCKM CUCTEM WUMa 24 MUNIMOHA fuHKja
Komnjytepckor koga (nopehewa pagn Windows 7 onepaTvBHM CUCTEM Cagpxu
oKko 40 MunnoHa nNuHWja KOMNjyTepcKor koda), LWTO nogpasyMeBa BPIio CrOXeHe
n obuMHe xapaBepcke nocraBke. HajHOBUWja xapAaBepcka Bep3vja KoMNjyTepcKor
cuctema ALIS je MHOro mawa of NpPBOOGUTHMX OFPOMHMX M TELLKO MOKPETHMX
XapOBepcKkuX jeauHuMUa ca WCTOM HaMeHOM, anu je W pJdarbe notpebHa
WHCTanauuja Komnjytepckor cuctema tamo rge he ce Hanasutu asuoHu F-35.
Ogaj ycnoB nogpasymesa fa je, npunvkom ynotpebe, notpebHo 24 yaca ga ce
npebaue Nogaum ca CBakor aBMOHa Ha HOBM komnjyTepcku cuctem ALIS. [Jakne,
y cniyyajy npebaumBawa nosua F-35 y HoBy 6asy rybum ce ueo paH y
npebaumBamy nogataka y HoBu ALIS, a Tokom 24 yaca moryhe je npebaunTtu
nogaTtke ca camMoO jedHOr aBMOHa Yy MCTO Bpeme. Y cnydajy npebaumBana
eckagpvne og 12 nosaua F-35 y HoBy 6asy, koja 61, Ha npumep, Buna Gnuxa
6op6eHoj nuHWju, Guno O6M noTpebHO cKopo AOBe Hederbe npebaumBara
nogataka 3a CBe aBMOHe kako Oum yonwTe Morao 3anoyetTu npouec
cepBucHparba aBMoHa.

C ob3vpom Ha To ga kommjytepcku cuctem ALIS Bpwu npebaumBane
TajHUX nogartaka ca Mucuja, komnjytepyu Mopajy outn cmewTeHn y 6e3begHe
NpOCTOpe — NPOCTOpUje 3a crneuurjanaH NpucTyn nporpamy, Koje Cy CMeLUTEHe y
mogudmkoBaHe 6poacke KoHTejHepe. OBM KOHTEjHEPU CY HE CaMO BESTUKM HEro
HbMMa ynpaerbajy M nocebHe ekune oOyvyeHMX UMBWUIHWX ornepaTopa Koje je,
Takofe, NoTpebHO NpebaunTtn y 6rnmsmMHy noTeHumjanHor GojuwTta. Pagm ce o
ekmnama ua komnanuvje Lockheed Martin, ann n ekunama ns komnanuje Pratt and
Whitney koju cy 3agyxeHun 3a ofgpxasawe MoTtopa. C o63vpom Ha oBe
OKONHOCTM, noTpebHo je Gasupatm cBe oBe pecypce Ha 6e3begHoj (n
yAarbeHujoj) nokaumju y ogHocy Ha 6ojuwiTte, WTO 4OBOAM A0 Cnopujer BpeMeHa
0[3VBa 1 BENUKOT OCrakaka Ha TPaHCMOPTHY aBujauujy.

MNMumar-e 6ydyhee passoja

Mporpam pasBoja nosua F-35, Bepaunja Block 3F, npeacraeBma uub,
OOHOCHO aBMOH Ca onepaTMBHMM cnocobHocTMMa, a odekyje ce pga he
TecTMpakbe OBE KOHayHe Bep3uje noyeTn kKpajem 2018. roguHe, wWTO Ce
TPEHYTHO cMaTpa HeAOCTUXKHUM.

[a 6u cTBapm Gune jow KOMNNMKOBaHWje, fbyACTBO 3aMoOCEHO Ha pasBojy
nporpama nounke fa ce ocuna. Ocobrbe 3a oapXaBawe, WHXeHepu Wu
aHanuTM4apu nounkwy Aodbujatn oTkase 36or Nnpobnema ca purHaHCupawem, OOK
HEeKU MPEBEHTUBHO Aajy OTka3 WM MOKywasajy ga Hahy gpyre nocnose 36or
HEeM3BECHOCTU peanu3auuje nporpamMa.
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3BaHMYHULNM KOjU Ce Hanase Ha Yverny nporpama passoja JSF y Bnagu, kao ny
koMmnaHuju Lockheed Martin nokywaBsajy Oa HaTepajy amepuyku KoHrpec aa
Jo3Bonu kynosuHy 465 noeaua F-35, WwTo ce caga, AonackoM HOBOI amMepuykor
npegcegHvka [HoHanga Tpamna, OoBoaM y nnTake C OD3MPOM Ha H-ErOBO
HeraTMBHO MULWIIbEHE O aBMOHY. AMepuuka OpXXaBHa peBmsopcka kyha Beh je
usHena npoueHy pga he Outm notpebHo oko 1,7 munuvjapan pJonapa  3a
MOAEPHN30Bae CamMO OHWX aBMoOHa Koju cy Beh uspaheHu pagum ucnpaske
yTBpheHnx HegoctaTtaka. OBuM TpowwkoBM HacTaBuhe ga pacty kako ce Oyage
nosehaBao 6poj Npon3BedeHrx nosaua

Y ynotpebu wmnpom ceBeTa aaHac ce Hanasu175 nosaua F-35. NeHTaroH he
nobutn 80 HoBux nosaua F-35 Ttokom 2017. rogmHe, a odekyje ce jow 100
nosaua tokom 2018. roguHe. Tapa he ykynHo 6utu 355 noBaua koju he y
jeoHOM TpeHyTKy MopaTtu ga ce Bpate y 6a3y Ha mogepHusauujy (yrrmaBHOM
copTBEPCKY), @ Tek he ce BMAeTM da Nu noctoje u Koje cy crnepehe rpetuke.
HakoH Tora crnegu onepatuBHO TECTMpare W eBaryauunja Koja He Moxe buTtu
3aBpLleHa npe kpaja 2021. roguHe, WTo 3Ha4n Aa Hajeehm 6poj og 355 nosaua
Hehe 6Ty 6opbeHo cnocobaH, Moxaa Yak n o 2024. roguHe.

HoBa amepunyka agmmHucTpaumja npegcegHuka JoHanga Tpamna jow Huje
oanyyuna wra he ce gecuTtu ca 0OBUM NPOrpaMmomM, jeOHUM O HajCKynSbUxX ukaga
Kaga je y nutawy HabaBka aBuMOHa 3a amepuyke opyxaHe cHare. [lpsu
KOMEHTapW HOBOT aMepUYKOr NpeAcefHNKa CBaKako HUCY NO3UTUBHM.

Hpazar M. Bydkosuh (Dragan M. Vuckovic),
e-mail: draganvuckovic@kbcnet.rs,

ORCID iD: “#http://orcid.org/0000-0003-1620-5601
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YcnewHo peanusosaH npukas ,Yenuk 2017”

Y okBupy komnnekca LleHTpa 3a ucnutmeame Haopyxara u BojHe onpeme
HukmHum™, 9. Maja ycrnewHo je peanusosaH npukas ,Yenuk 2017”7, y oksupy
Kojer cy npukasaHm cUCTEMW pasfMYUTUX HaMeHa W3 pasBoja, OOHOCHO OHU
Kojuma jeguHuue Bojcke Cpbuje Beh pacnomnaxy, kao M [eo onepaTUBHUX
cnocobHocTu jegmHnua Bojcke Cpbuje n MuHucTapcTBa yHyTpaLHbnx NOCnoBa.
CBe4aHOCT M MpuKas opraHuM3oBaHW Ccy noBogom obenexaBamwa [aHa Bojcke
Cpbuje, NaHa nobene v [aHa EBpone. Y okBUpy AMHAMUYKOr Aena rnegaouuma
je npukasaHa ynoTpeba 26 cuctema HaumoHariHe HaMeHCKe MHOYCTpuje, OOK je
y peanusaumjn akTMBHOCTM ydecTBoBarno oko 550 npunagHuka Bojcke Cpbuje n
MuHucTapcTBa yHyTpawmwux nocnosa. [lpukasom je komaHooBao OGpuragHu
reHepan Wnuvja Togopos, Koju je uctakao Aa je y nutaky W3y3eTHO CroXeHa
aKTUBHOCT, YMja ycrnelluHa peanuaauuja 3aBucy o4 MHOrobpojHux daktopa, npe
cBera TemerbHMX npunpema v obyyeHocTu Kagpa. Hajpehu obum akTMBHOCTM
peanu3oBaH je Ha T3B. nnacmady ,C”, y NpUCYCTBY HajBULLUMX APXKaBHUX
pykoBoamnaua v roctujy U3 3emroe u MHOCTpaHCTBa.

AKTUBHOCTW Cy peanuaoBaHe y OKBUPY CLEHapuja npukasa, npema Kojem je
Ha 30Hy opbpaHe Opurage KonHeHe Bojcke OTNOYEO Hanag oOjayaHe
mMexaHunsoBaHe Opwurage. Pagu u3Bofewa onepaunje opraHvM3oBaH je
onepaTuBHU LEeHTap KomaHgHor mecTta bpurage KonHeHe Bojcke, a y OKBUPY
npvkasza ob6y4yeHn BOjHWUM OEeMOHCTpMpanu Ccy W3y3eTHy KoopAauHauujy
onepaTMBHMX aKTMBHOCTW, NocebHO npumMake U o0b6pagy uHOpMaLWja,
nsgasare, NpeHoLewe 1 pasymeBane Hapehema.

Pacriopehusare cmpenaya Ha eampeHoj JTUHUjU.
®omo: Munow Jesmuh

' LieHTap je ocHOBaH pellieteM Tafallber 3aMeHnka CaBesHor cekpeTapa 3a HapoaHy onbpaHy o
3. 5.1951. rogvnHe nop Ha3vBoOM ,LleHTpanHu nonuroH MeHepanHe ampexumje MHAYCTpUje MyHuumje”.
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OvHamMnykn [eo npukasa oOTrnodYeo je pacrnopefuBaremM  OKMOMHUX
BMLUEHAMEHCKMX BO3una Toykawa 8x8 ,nasap 3” y Bep3vju OKIOMHM
TpaHcnopTep M3 Kojer cy ce Ha BaTpeHy NWHWjy pacrnopeaunnv npunagHuum
CneuujanHe aHTuTepopuctuuke jeauHuue (CAJ) MuHucTapctBa yHyTpaLlHMX
nocrioea, HaopyxaHu cuctemuma ,Colt M-4 A-4”, ka0 U KOMMAKTHUjUM
Bep3vjama ,Commando”, cBn y kanubpy 5,56 mm, n onpemrbenn ,red dot”
HuwaHuma LAimpoint CompM3”, ogHOCHO npunagHuum 72. wu3BMhayko-
auBepsaHTckor 6atarboHa CneuujanHe OGpurage Bojcke Cpbuje, onpemrbeHu
cuctemuma ,Heckler&Koch 416 D14.5RS” 5,56 mm, ca MOHTMpaHUM
pednekcHuMm HuwaHmma ,Aimpoint CompM4”. WctoBpemeHo, n3 npucturmnor
BULLIEHaMeHckor 60p6eHo-OKmonHor Bosuna 4x4 ,Murnoll” Ha BaTpeHy NUHUjy
NPUCTUIMN Cy CTPenuu onpemrbeHN MOOEPHU30BaHWM MOAYNapHUM MyLlkama
.,rpeHgen” y kanubpy 6,5 mm, npousBohaya ,3actaBa opyxje” Koju cy ce
NPUAPYXMIN  CleunjanucTuma  CHajnepuamMa Ha CpeauHu BaTpeHe nNuHuje.
Tpojuua cneunjanucta cy OBOM MPUITMKOM HOCUNM MackupHa ogena ,ghillie”
npoussohava ,Mune Oparvh”, a 3a noTpebe rahamwa cHajnepcku nap ynotpebvo
je aHTUMaTepwmjanHy nyLwKky 3a npeuunsHo rahawe ,3actaBa M-12 LipHO konrbe”,
ca CMCTEMOM MaHyerHor perneTtupara (eHr. bolt action) n y mohHom kannbpy
12,7 mm, y KOH(urypaumju ca ONTUYKMM HULWaHOM npoussohada ,3actaBa
opyxje”, kao u ,penetupky”’ ,M-07" kojy je Takohe npoussena ,3actaBa opyxje” y
kanubpy 7,62x54 mm R, ca MOHTMpPaHUM ONTUYKUM HULAaHOM ,Swarovski X5 5-
25x56 P”. Boha cHajnepckor napa obaBeluTaBao je CTpenue O TPEHYTHUM
napameTpymMa ynotpeboM pyyHOr AHEBHO-HONHOr macepckor AarbMHOMepa.
mepaoum cy, Takohe, MManu NPUNUKy Aa Buae AejcTBO ayToMaTcke nyLike 6,5
mm ,rpeHgen” y cuTyauuju kaga cTpenawl genyje v3a 3aknoHa ynotpebom
BMAEO-HMLIAHA, OOHOCHO Yy cafejcTBy ca u3Buhayem OnpemMibeHVM PyYHUM
TEPMOBM3NJCKMM OBOINEeA0M Cpearer JOMeTa.

Ctpenum cy rahanu ctaumoHapHe MeTe y OKBUPY METHEe cuTyauuje Koja je
cagpkana 40 meta ca neBe cTpaHe Ha pacTtojamuma 100 n 150 metapa,
ogHocHo 20 meTa ca gecHe cTpaHe Ha pguctaHuama 100, 200, 300 m 500
meTapa. [Moroun meta Ha ygarbeHocTn of 1.200 meTapa peanunsoBaHu Ccy
ynotpebom cucrtema ,3actasa M-12 LipHo konrbe”, ook cy ynotpebom ,3actaBa
M-07" ycnewHo rahaHe meTe Ha 1.000 metapa. MogynapHum nywkama y
kanubpy 6,5 mm ,rpeHgen” y ,CHajnepckoj” Bepauju ycnewHo cy rahaHe meTe Ha
800 meTapa, WTO je jowl jeAHOM MOTBPAWUNO KBAnNUTET MyLUYaHWX cuctema u
OMNTUYKNX HWLIAHA, anu n GanuCTUYKMX KapakTepucTuka osor kanubpa. HakoH
noTBpAe CBMX MOrodaka cTpenaua peanun3oBaHo je rahamwe ynoTtpebom
OarbUHCKM ynpaBrbaHux 6opbeHnx ctaHuua ca pacnopefeHnx Bosuna. Mete Ha
yoarbeHocty oa 500 meTtapa rahaHe cy kpaTkum padanuma u3y3eTHO
NpeLmnsHo.
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lNpuka3 ynompebe darbuHcku KoHmpornucaHoz 63B ,Manu Munow’.
®omo: Munow Jesmuh

HakoH Tora npukasaHa je ynotpeba [arbMHCKM  KOHTPONMCAHOr
GecnocagHor 3emMarbCkor Bo3urna ,Manu Munowl”, koje je passuo BojHOTEXHWYKK
WHCTUTYT, a npoussogu ,lMpBa netoneTtka — HameHcka”. Cuctem je npumapHo
HaMehEeH 3a YHUWITaBake W OHecnocobrbaBake MOjeAMHAYHUX WU TPYMHUX
uurbeBa Ha parbuHama o 800 meTapa, a y OCHOBHOj BEp3uju ONpeMIbeH je
muTparbe3oMm [KT 7,62 mm, kao n 6auadem rpanHata PBIC 40 mm/6 M-11.
OcmaTtpayko-HULIAHCKM CUCTEM CacToju Ce Of LUMPOKOYraoHe M YCKOYraoHe
OHEBHe Kamepe, TEPMOBM3MjCKe KaMepe, Kao 1 nacepckor garbnHomepa.

3atMm je HacTynuno mMoaepHu3oBaHO Gop6GeHo oknonHo Boswno ,M-117,
HaMeHhEeHO KOMaHAaHTy newaguvjckor 6atarboHa ca AarbWUHCKM YynpaBrbaHOM
6opbeHoM cTaHuuoM. [aharwe je, y3 W3y3eTHy NPEUM3HOCT Morogaka,
peanv3oBaHo ynotpebom mutparbesa 7,62 mm, kao u 6auada rpaHata 40 mm.
MoaepHn3oBaHO  BO3MIIO  KapakTepue  yHanpeheHa  Ganuctmyka wu
NPOTUBMMHCKA 3alUTWUTa, LUTO je MOCTUrHYTO M yBOfeweM mMogdynapHOr oksona
Koju Ha Npeawoj cTpaHu obe3befyje 3awTuTy of npojektuna 14,5 mm?, Ha
GOYHO] CTpaHu 3awTuTy Of npojekTuna 12,7 mm, OOK Ha 3agH0j U FopHsOj
CTpaHu WTUTKU of npojektuna 7,62 mm?®. Boauno je onpemMrbeHo U CUCTEMOM
He3aBWCHOr Hanajaka, CUCTEMOM 3a KnuMaTtusauujy, Busyenusauujy u BoXxmy y
OHEBHVM, HORHMM 1 OPYrM YCrIOBMMA.

Ha nnacman ,C” 3aTtum je msawrno Bo3wno ,asap 37, koje npousBoau
~Jyrommnopt CAMP”, onpemrbeHo Tonom 30 mm, NpUMapHO HaMeh-eHO 3a

2 3awTtuTa IV HUBOa npema CTAHAT 4569.
® awTtuta lll HMBOA npema CTAHATI 4569.
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YVHULLTaBawe He3aKkNnokeHe W 3aKNOoHeHe XUBEe cure, NakoOKonIbeHUX
TEXHUYKNX CPeAcTaBa, kao M nakoyTBpheHux objekata Ha garbmHama go 3.000
meTapa, 3atuMm bauadem rpaHata 40 mm v muTparee3om 7,62 mm. ahawe
MeTa Ha pgarbuHu of 1.500 meTapa peanusoBaHoO je KpaTkum padanvma u y3
BMCOKY MPELM3HOCT Norogaka.

o o - el

lMpukas ynompebe cucmema ,[TACAPC 16”.
®omo: Munow Jesmuh

HapegHa  aKkTMBHOCT peanu3oBaHa je  ynoTpeboMm  camoxogHor
apTurbepujcko-paketHor cuctema [BO ,[MACAPC 16", koju je onpemrbeH
npoTMBaBMOHCKMM TornoM 40 mm edbekTnBHOr AomeTa Ao 4 km, kao n cncrtemom
3a ynpaBrbawe BaTpoOM y [AHEBHMM W HORHMM yCroBMMa W FlacepcKkum
AarbuHomepom. Cuctem Koju ce, noped ocCTanor, oanukyje u OANUYHUM
BaHMNyTHUM nepdopmaHcama, passuo je BojHoTexHudkn mHctutyt (BTU), a y
OKBMpY MpuKasa nocaja je peanusoBana rahawe meTe Ha garbuHu og 1.500
mMeTapa jeauHayHoM W padanHom narbbom of 5 MeTaka, y3 U3y3eTHy
npeumsHoct norogaka. MopgepHusaumjom cuctema YyHanpeheHe cy U
KapaKTepUCTKe OCHOBHOI M JOMYHCKOT OKMona Koju Ha npeaH0j CTpaHu Bo3una
obesbefyje sawTuTy o npojektuna 12,7 mm, OOgHOCHO 7,62 Ha ocTanvMm
CTpaHama, kao W KanaumMteTu pagjapa kupada”’ koju omoryhaea npahetse,
HaBohere u rahawe unrbesa y BasgyLLHOM NPOCTOpPY.
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W3nasak meHkoea Ha Mnacman ,C”. ®omo: Munow Jesmuh

PR e~ b e

WNay3eTHO aTpakTBaH 6o je n npukaa ynotpebe TeHkosa ,M-84", ,M-84 A”,
Kao u mogepHusoBaHe Bep3nje ,M-84 AC-1”, ogHocHo 6GopbGeHor Bo3una
newapguje (bBI1) ,M-80 AB-1". TeHkoBCcKe nocage peanu3oBarne cy rahamwe
NPOTMBABMOHCKMM MUTparbe3nma, 4ok je mogepHusdosaHm ,AC-1" rafao npeko
OarbMHCKM ynpaerbaHe GopbeHe cTaHuue. 3aTMm Cy TEHKOBM rahanu rnaBHUM
HaopyxakweM meTe Ha garbuMHu og 1.500 meTtapa, OAHOCHO MeTe y TyHeny Ha
naremHum og 500 metapa. MogepHusoBaHa Bep3auja ,AC-1" ognukyje ce 1 3HaTHO
yHanpeheHnM CUCTEMOM 3aluTUTE KOjU YMHE EKCMITO3MBHO-PEAKTMBHU OKMOM U
peLleTKacTV OKIOM 3a 3alTUTY 0f NPOjeKTUra UCNarbeHNX U3 PyYHUX pakeTHUX
6auava (PPB). TeHk je onpemMIbeH 1 ONTOENEKTPOHCKAM 3aLUTUTHUM CUCTEMOM,
3aTUM [OEeTeKTopoM pafjapckor ospadvewa, GPS-oMm, ka0 M TepMOBU3WCKOM
KaMepoM Y HULLAHCKO] CrpaBMm.

Cuvrnan ,Menuk 1” 03Ha4Mo je noveTak HOBE aKTMBHOCTM YMju je CLueHapuo
cagpXkao TakTUike cynosuuuje npema kojuma je y pejoHy cena [paboBum
npuMeheHo KpeTawe Tpu HenpujaterbeBa oOkrnonHa TpaHcnopTepa. OBoOMm
NPUNMKOM aHraxxoBaHu cy xenukontepu ,HN 42/45 Gama” koju cy ycnewHo
rahann ,TpaHcnoptepe” Ha parbuHu o 1.500 meTapa nNPOTUBOKIONHUM
BofeHnMm paketama Tuna ,9M 14M”. TMoMeHyTU XxenukonTepu MpUMapHO cy
HaMeHEHN 3a YHULITaBakwe HenpujaterbeBe OKMnonrbeHe GopbeHe TexHUKe u
yTBpfheHnx objekata, OAHOCHO Mpyxake Ba3dyXOMNroBHEe BaTpeHe MopLuke y
,MOMONHOj” HaAMeHW.

CurHan ,Yenuvk 2” 03Hauyno je noveTak aKTUBHOCTU Yy OKBUPY Koje cy ce
mMorna BUAETU ejctea aBMoOHa PatHor Ba34yxOmnioBCTBa n
npoTuBBa3ayxonnoBHe oabpaHe Bojcke Cpbuje.

JaBrbakem curHana ,Yenuk 3” npukasaHo je OejCTBO pakeTHOr cucrema
AJNAC, Hameh-eHor 3a rafjake MNOKPETHUX U HEMOKPETHUX LUIbEBA HA 3eMIbU U
Bogn. OcHOBHa npedHOCT cuCTeMa jecte CMOocOBHOCT rafjawa uurbeBa BaH
BM3yEIIHOI KOHTakTa Mo KoopauHatama [obujeHMM of  apTUIbepujCcKux
ocmaTpaya, OAHOCHO JApyrux ussuhavkux cuctema. JlaHcep ce, Takohe,
oAnuKyje n n3y3eTHOM aytoMmaTtusauunjom yHkumja. lNpema cueHapujy, y pejoHy
cena Tpbyway npumeheHa je KONOHa MOTOPHUX BO3UNa KojuMa ce npesBo3una
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MyHULMja © YBC. Y OKBMPY MprKasa peanu3oBaHo je rahare oBe MOKpeTHe
MeTe Ha JarbuHu oa oko 12 km.

CwurHanowm ,Yenuk 4” npukasaHa je ynotpeda MogepHM30BaHOr CaMOXOAHOT
NMPOTUBOKIOMNHOI NaHcepa paketa M83/16 n gejctBo Ha, y OKBUPY CLeHapwja,
TPM OKMOMHa BO3wuNia Toykawa Ha npasuy [paboBum—ButojeBuun. NMomeHyTn
CUCTEM HaMehEH je 3a rafame OKMOoMbeHMX U 3awTuheHnx umrbesa. [naBHO
Haopyxawe nogpasymeBa 6 paketa u3 cdamunmje ,marbyTtka’, mehy kojuma
nocebHo Tpeba ucrtahm NPOTMBOKIOMHY pakeTy BENuKOr AoMeTa U Bemnuvke
ybojute mohu ,marbyTka 2T5”. CnopeaHO Haopyxake YMHU MUTparbes ,3actaBa
M-86" y kanmbpy 7,62 mm.

Y OKBMpY HapeAHor cueHapuja npumeheHe cy YeTHe KOJloHe Mpu
pa3Bohewy nelwaaujckor GatarboHa pagu yBohewa y 6opby. JaBrbarwem
curHana ,Menvk 5” npukasaHa je ynotpeba cucrema 3a HaBohewe apTurbepuje
YTAPC, koju je, y OKBMpY CUEHapuja, youno uuib, Ogpeauo KoopauHate, 3aTum
npopayvyyHao 1 NpoCrneamo KoopauHaTte u gpyre enemeHTe rafawa Ha KOH301My
KOMYHMKaLMOHO-MHpopMaumnoHor cuctema camoxogHe xaybuue HOPA bB-52,
kannbpa 155 mm. Y oKBMpY MpuKasa mMcnarbeHn cy npojekTunn ca GapyTHUM
nykerem — 30Ha 8.

Y. 2 2 - LR o & o B 5 A
Camoxo0dHa xaybuua HOPA B-52, kanubpa 1556 mm.
®omo: Munow Jesmuh

Mocneawn curHan ,Yenuk 6” jaBrbeH je HaKoH YCMewHo peanu3oBaHuX
npukasa gena onepaTtMBHUX CNOCOBHOCTN MELLOBUTUX CHara, cacTaBibeHMX Of
npunagHuka jeguHuua BojHe nonuuuje, npoTnBTEpopUCTUYKOr TMma batarboHa
BOjHEe nonwuuuje cneumjanHe HameHe — ,Kobpe”, npunagHuka 63. nagobpaHckor
b6aTtarboHa CneuujanHe Bpurage, kao U aHTUTEpopucTUYKMX rpyna CneuwmjanHe
aHTuTepopuctnuke jeauHuue MVYll-a u batarboHa 3a NpoTUBTEpPOPUCTUYKA

* YGojuta GopbeHa cpeacTea.
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pejctea — ,,Cokonosu” CneuujanHe 6purage Bojcke Cpbuje. Npema cueHapwjy y
pejoHy cena [NpoBo yoyeH je BaTpeHu nonoxaj 6arepuje CBIP®, ca npoLeHom
0a je y nuTawy BaTpeHu nonoxaj bpuragHe apturbepujcke rpyne. Cucrtem
»YTAPC” u3BpwMo je npeTxogHy npunpeMy W npopadyHao efnemeHTe 3a
rahawe, Te ux Npocrneano Ha BaTpeHun Nornoxaj jeamHuua paketHe apTurbepuje,
cayvkeH O MOOEPHM30BAHOI BULLELLEBHOr pakeTHOr cuctema ,oraw”, Koju je
rahamwe peanmsoBao paketama M-91 122/128 mm, kao n pakeTHOr CaMOXOAHOr
BULLELEeBHOr MoaynapHor cuctema ,Mopasa” koju je rahao paketama ,nnameH
[". Cuctem ,Oraws” n cuctem ,MopaBa” HaMeweHW Cy 3a ONwWTy BaTpeHy
noapLUKy jeanHuua puragHor HMBoA.

lNpuka3 onepamusHuUx crrocobHOCMU Mewo8UMUX cHaza

Mpuka3 onepaTtMBHUX CMOCOGHOCTM MELUOBUTMX CHara wucnpatmo je, y
ynosu cnukepa, nykoBHuK opaH [JecaHuuh. TakTuyke cynosuumje cueHapwuja
npeasuhane cy noBradverwe Henpujaterba pagu opraHu3oBakba oabpaHe.
OnepaTtuBHuM pagom yTBphHeHO je Aa ce HenpujaTer MoOBNayv y Maksum
rpynama, Te Aa Ha nvHUjM NnoBnayerwa NnaHcku pacnopehyje AnBep3aHTCKo-
TEepopUCTUYKe rpyne paaum ycnopasara HanpegoBara MeLLOBUTUX CrieumjanHnx
CcHara u omoryhaBamwa npunpemara ogbpaHe rMaBHMHM COMCTBEHWX CHara.
Kopuctehu mogepHe wu3Buhadke cucteme, nopeg octanor u 6ecnunoTtHe
netenuue Kpatkor goneta ,Bpabau’, marwe m3Buhayke jeguHuue yodnne cy ga
Maksa rpyna Hanpegyje y oTeToM nyTHUYKOM BO3uny. JeguHuue BojHe nonvumje
Cy, Y OKBUPY cueHapuja, bune aHraxosaHe Ha 60p6GeHoj KOHTPONW TepuTopuje y
30HK onepauuje. NMpuMmMapHO HaopyXawe BOjHMX nonuuajala OBOM MPUIIMKOM
YnHUNK cy cuctemn M-21 y kannbpy 5,56 mm, npoussohaua ,3actaBa opyxje”.
Boa BojHe nonuvumje ycrnoctaBmo je KOHTPOSHM MYHKT Ha npaBLy KOMYHUKauuje
ka ceny HukuHum. MNpunmkoM 3ayctaBrbara NyTHUYKOr BO3Wna paaun obasrbara
KOHTpone 300r nperneaa nuua v Bo3wna npoHaheHe cy ayTomaTcke MnyLlke Ha
3agHeM ceauLITy Bo3una. Y ckrnagy ca BojHononvuujckum osrnawwhenyma, niua
MYTHUYKOr BO3MNa CTaBibeHa Cy MoA KOHTpony pagu npueoferwa opraHnma
CYyACKe BNacTu y 30HM onepaumje.

MpunagHuum BatarboHa BoOjHe nonuvuuvje cneuuwjanHe HameHe — ,Kobpe”
n3Benn cy npukas Hamaga Ha OTeTO MYTHWMYKO BO3UMO paau Xanwewa wunu
HeyTpanusauuje Hernpujaterba. 3a notpebe npukasa enuTHW BOjHULM Gunu cy
ONpeMsibeHn pasnuuMTUM CcUcTeMUMa MeLwaaujckor  Haopyxakwa, nonyT
nctoyHoHemauke AK 47, y kanmbpy 7,62 mm, aytomata HK MP5 A3, y kanubpy
9 mm ca TeneckonCKUM KyHOakom, a Yy KoHdwurypaumju ca xonorpagpckum
HuwaHoM ,EOTech XPS2-0” 1 jypuiHMM pyKOxXBaTOM, Kao U nonyayTomMaTCKUm
nuwTorbuma ,Glock 17 Gen 4” y uctom kanubpy, OONOXeHWM Yy Xonctepe
-BLACKHAWK! Serpa Tactical Level 2”. Y okBupy npukasa Ba3gyxonnoBHO
obesbehnere pejoHa BPLUKO je XenukonTep ,rasena’.

® CaMoX0[HM BULLIELIEBHM NaHCEP PaKeTa.
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Opyra yoyeHa [OMBep3aHTCKO-TEPOPUCTUYKA rpyna 3ay3ena je HeKONUKO
objekata, a onepaTMBHUM pafoM je yTBpHeHO Oa Cy TEpPOpUCTU HaopyXaHu
ayToMaTCKMM OyroueBHUM OpyxjeM. Pagu usspluiaBana wnpe 6rnokage pejoHa
aHraosaHu cy nagobpaHum 63. nagobpaHckor OaTarbOHa Koju cy w3Benwu
AecaHT ynotpebom cneuuwjanHmx nagobpaHa tuna kpuno MLI-04”. 3a noTtpebe
npukasa nagobpaHumn cy Hocunu yHudopMe y OUrnTanHoj pypanHoj MackUpHO)
wapm ,M-10", koja je ycBojeHa kao cTaHgapgHa y Bojcun Cpbuje, a pa3suo jy je
npoussohay ,Jymko A" y capagwum ca cTpydysaumma BTW. OcHoBHO
Haopyxake nagobpaHaua ynHunm cy cuctemm ,HK G-36 KV’ y kanubpy 5,56
mm, ogHocHo aytomatun ,HK UMP” y kanubpy 9 mm, npunaroheHu notpebama
6nmcke 6opbe.

Mo pgockoky nagobpaHcku TMM je umao 3ajaTtak Aa U3BpLUKn wnpy Gnokagy
pejoHa, omoryhu yBoflewe rmaBHMX cHara y 6opby, ogHOCHO oHemoryhm
n3Bnavere Tepopucta. Hanag Ha 3anoceaHyTe objekte usBeaeH je KOoOpANHMPaHO
13 Tpu NpaBsLa 1 ynotpebdom Yyetnpmn 6opbeHo-oknonHa sosuna M-11.

lMpunadHuyu 61T uzsode 6p30 cnywmak-e U3 xesiukonmepa mexHukom ,fast rope”.
®omo: Munow Jesmuh

[HejctBo 13 Tpehe gumeHsuje nssenu cy npunagHuum CAJ-a n batarboHa
3a npoTmBTepopucTnyka pejctea — ,Cokonosu” 6p3vM cnywTawkeMm nomohy
koHornua (eHr. fast rope) ca BucuHe opg oko 20 metapa. Mo cnywTawy
crneuvjanuu cy y HanpepgoBawy ka objektuma uckopuctunm BOB kao 3aknoH.
BasgyxonnoBHy BaTpeHy noApluky cBe Bpeme je o6esbefmBao xenukontep
.,rasena’. JegaH o TepopucTta nokywao je 6ekcTBo, Te je paan xBaTawa M

830



CcTaBSbatba Nog KOHTpomny ynoTpebrbeH u cnyxkbeHn nac Hanagay, pace
HeMayky oBYap, U3 T3B. pagHe NuHWje. HanpegoBate MELWOBUTMX CHara 3a
ynag MackMpaHo je u ynoTpeboMm OuMHMX cpeacTaBa. TOM  MPUITUKOM
npunagHuum CAJ-a Hocunm cy LpHe TakTnyke KombunHesoHe ,GK Pro”.

U3sohere duHamuydkoe ynada y objekme Koje je 3anocena
dusep3aHMCcKo-mepopucmuyka epyna. ®omo: Munow Jeemuh

OcHoBHO Haopyxawe npunagHuka CAJ yuHunm cy cuctemun ,Colt M-4
A-4”, ka0 M KomnakTHuju mogenu ,Commando”, npunarofeHn notpedama
6rnncke ©Oopbe, gok cy ,CokonoBu” OBOM NpuiMKkoM opabpanu noysgaHe
cucrteme ,HK G-36 Commando”, y kanubpy 5,56 mm, Koju cy MHaye 1 OCHOBHMU
CUCTEMM Y ynoTpebn y ennTHOM BaTarboHy y KaTeropuju aytoMaTcKux nyLlaka,
ofHocHO 6opbeHy caumapuuy ,Benelli M-4”, koja je ognuyaH n3bop kaga je
HeonxogHo oApaavTu 1 uuwherwe npoctopuja” npu ynagy. 3a notpebe bnncke
6opbe cuctemn ,G-36 C” 6unu cy npunarofleHn MoHTUpawem pedrieKCHMX
HuwaHa ,Aimpoint CompM4” u jypuwHux pykoxsata. EnutHm ,Cokonosu”
HOCWIMKW Cy LpHe ABOAESHe TakTuyke yHudgopmMe npoussohadva ,Mune Oparvh”, y
Kpojy ,Dragon Tactical”, kao n gBogenHe yHudopme y MackupHoj wapu ,M-107,
npoussohava ,Jymko AL”. Pagn popaTtHe Ganuctnuke 3awTute ATI npu
n3Bohery ANHaMNYKOr ynaga ynotpebrbeHu cy 6annctnyku wrmutoem ,Intruder”.
Mpn n3eohewy ynaga jegaH BOjHUK je CMMyIMpao pakaBake, Te je KOMaHOup
TMMa, NO WHUUMjanHOM 30puHbaBary, 3aTpPaXXMO CaHWUTETCKY eBaKyauujy
BasgyLwHUM nyTem. Pagu Tora ynotpebrbeH je xenukontep HT 49, koju ce moxe
ynoTpebuTun 3a TpaHCnopT fbyacTBa (40 26 fbyam ca onpemMom) u/unm onpeme,
Kao 1 3a notpebe Ba3ayxonnoBHe BaTPEHE NOApPLLKE.
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lMpukasom MeLWOoBUTUX CrneuujanHMx cHara KomaHgoBanu Ccy MyKOBHUK
Oparan bapawanuH n3 CAJ-a n notnykoBHuk [OparaH KyxeTt m3 CneuujanHe
Opurage.

HakoH ycnewHo peanv3oBaHOr AMHAMUYKOr NpMKasa y OKBMPY KOMMeKca
LleHTpa 610 je opraHn3oBaH M TaKTUYKO-TEXHUYKM 360p cucTeMa Koju cy Gunu
NMPETXOAHO NpuKasaHu, OJHOCHO W3MOXEHW UCKIbY4MBO Yy okeupy TT 36opa.
MpucytTHn cy ™Mornu petarbHuje ga ce Yho3Hajy M ca KapakTepucTukama
MOLEPHU30BaHMX NyLUI4aHUX cucTema npoussohada ,3actaBa opyxje”, 3aTnm
pasnuuntum ypehajuma komnaHuje , TeneonTuk xupockonu”, cuctemuma ,lpee
netonetke — HameHcka”, ogHocHo ,JyronmnopT CAMNP” u gpyruma.

Munow M. JesTuh (Milo§ M. Jevtic),

ypeaHuk cajta specijalne-jedinice.com,
e-mail: info@specijalne-jedinice.com,

ORCID iD: " http://orcid.org/0000-0002-1305-7618
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No3nB N YNYTCTBO AYTOPUMA
NPUMMALWEHNE U MHCTPYKUWUW ONA ABTOPOB PABOT
CALL FOR PAPERS AND INSTRUCTIONS FOR AUTHORS

NO3uB N YNYTCTBO AYTOPUMA O HAYUHY NPUNPEME YJ1IAHKA

YnyTcTBO ayTopyMmMa O HayduHy npunpemMe 4naHka 3a objaBrbuBawe Yy
BojHomexHu4kom enacHuky ypafeHo je Ha ocHoBy AkTa O ypehuBawy HayyHUX
yaconuca, MwuHucTapcTBa 3a Hayky W TexHomnowku pa3soj Penybnuke Cpbuje,
eBuaeHumMoHn 6poj 110-00-17/2009-01, og 09. 07. 2009. roguHe. MpumeHa oBor AkTa
NPBEHCTBEHO CIyXMW yHanpehewy kBanuteta Aomahmx yaconmca v HUXOBOTr NOTNyHUjer
YKIbyuMBama y MefyHapoaHu cUCTEM pa3MeHe HayyYHuXx MHopmalmja. 3acHoBaHoO je Ha
meRyHapoaHum ctangapauma 1SO 4, 1ISO 8, 1ISO 18, I1ISO 215, 1ISO 214, ISO 18, 1ISO 690,
1ISO 690-2, ISO 999 n ISO 5122, ogHocHo oarosapajyhvm gomahum ctaHgapanma.

BojHoTtexHuuku rnacHuk / Vojnotehnicki glasnik / Military Technical Courier
(BTr.M0.ynp.cp6, www.vtg.mod.gov.rs, ISSN 0042-8469 — wtamnaHo nsgawe, e-ISSN
2217-4753 — online, UDC 623+355/359) jecte MynTUAMCUMMNMHAPHW HAy4YHU 4aconuc
MuHuctapcTBa onbpaHe Penybnvke Cpbuje, koju 06jaBrbyje Hay4yHe U CTPyYHe YnaHke,
Kao M TexXHW4YKe MHpopMaumje O CaBpeMEHWM CUCTEMMMA Haopyxawa U CaBpeMeHUM
BOjHMM TexHornorujama. Yaconvc npaTtv jeAUHCTBEHY MHTEPBUOOBCKY TEXHWUYKY MOAPLUKY
Bojcke Ha npuHUMNY NOrMCTUYKE CMCTEMCKe NoapLuke, 0bracTu OCHOBHUX, MPUMEHEHNX
M pasBOjHUX UCTpaxuBama, Kao M MPOM3BOAHY U ynoTpeby cpedcTaBa Haopyxara U
BOjHE oOnpeme, Te ocTana Teopujcka W npakTu4yHa pJocTurHyha koja AJonpuHoce
ycaBpluaBary CBWUX MPUNagHWKa cprcke, pervoHanHe u MefyHapogHe akagemcke
3ajegHuue, a nocebHo npunagHuka MuHnctapctea ogopaHe n Bojcke Cpbuije.

MuvHUCTapcTBO NpOCBETE, Hayke W TexHorowkor passoja Penybnuke Cpbuje,
carnacHo oanyuu m3 unada 27. ctaB 1. Tadka 4), a no npMbaBrbLEHOM MULLILEHY U3
ynaHa 25. ctaB 1. Tauka 5) 3akoHa 0 HayyHouCTpaxmBaykoj aenatHocTu (,Cryxb6eHu
rmaciuk PC”, 6p. 110/05, 50/06-ucnp. u 18/10), yTBpAWNO je kKaTeropmsauunjy
BojHoTexHu4kor rnacHuka, 3a 2014. roguHy:

3a 0bnacT TeXHOMOLUKM pa3Bo;j:

— Ha NMCTU Yaconuca 3a Matepujane u xemmjcke TexHornoruje:

kaTeropuja Bogehu Hay4yHM Yaconuc HaumoHanHor 3Ha4vaja (M51),

— Ha NMCTU Yaconuca 3a eneKTPOHMUKY, TerleKOMyHuKaumje U MHcopmaumnoHe
TexHonoruje:

KaTeropuvja Hay4YHu Yaconuc HaumoHanHor 3Ha4vaja (M52),

— Ha NMCTK Yaconuca 3a MalIMHCTBO:

KaTeropuvja Hay4YHu 4aconuc HaumMoHanHor 3Hadvaja (M52),

3a 0bnact oCHOBHa UCTPaxuBaHa:

— Ha NIMCTU Yaconuca 3a MaTemMaTuKy, padyyHapcKe Hayke U MeXaHUKY:

KaTeropuja Hay4YHu Yaconuc HaumoHanHor 3Ha4vaja (M52).

YcBojeHe nucte gomahux yaconuca 3a 2014. roguvHy Mory ce BuaeTW Ha cajTy
BojHoTexHuukor rmacHuka, ctpaHuua Kateropusauuja 4aconuca (MwuHucTapctBo
npocBeTe, Hayke M TexHomnoLikor pasBoja Penybnuke Cpbuje jow yBek Huje objaBuno
3BaHWYHY KaTeropusauujy Hay4yHux Yaconuca 3a 2015. n 2016. roguHy).

[etarsHuje nHdopmaumje mory ce npoHahu n Ha cajty MuHucTapcTBa npocBeTe,
HayKe 1 TexHorowkor passoja Penybnuke Cpbuje.
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Mopaum o kateropusaumjym mory ce npatutn n Ha cajty KOBCOH-a (KoH3opuujym
6ubnunoteka Cpbuje 3a objeanHeHy HabaBky).

KaTteropusauuja yaconuca nsspLueHa je npema MpaBUnHUKY O NOCTYMKY U HAUYMHY
BpedHOBaka W KBAHTUTATMBHOM MCKa3vBaky HAy4YHOUCTPaXMBavkmx pesyntaTa
ncTpaxueaya, Koju je nponucao HaunoHanmHW caBeT 3a Hay4YHW M TEXHOMOLUKN pasBoj
(Cnyx6enu rmacHuk PC, 6poj 38/2008).

Y cknagy ca OBUM MPaBUITHUKOM M TaberioM 0 BPCTU M KBaHTUMMKaLMU MHAMBUAYAMHNX
Hay4YHOMCTPaXMBaYKNX pesynTaTa (y cactasy [paBunHuka), objaBreeHu pag y BojHoTexHU4KoM
rmacHyKy BpeaHyje ce ca 2 6oga (kateropuja M51) u 1,5 6og (kateropuja M52).

Yaconuc ce npatu y koHTekcTy Cpnckor uuTtatHor mHaekca — CluHpekc (6asa
nogartaka gomahmx Hay4yHuX yaconuca) u Pyckor nHaekca HaydHor uutmpawa (PUHLL).
MoaBprHyT je cranHoMm BpeaHOBawy (MOHUTOPUHIY) Yy 3aBUCHOCTM Of YTULAJHOCTM
(vmnakta) y camum 6asama u, nocpegHo, y meRyHapogHum (Clarivate Analytics)
uMTaTHMM  uHAekcuma. [leTarbM O MHAEKCUpawy MOry ce BuMAETM Ha  cajTy
BojHoTexHuukor rnacHuka, cTpaHuua NHgekcupakse Yaconuca.

BojHoTexHnukn rnacHuk omoryhaBa u npumemnyje Creative Commons (CC
BY) ogpenbe o aytopckum npaBuma. [letarbu 0 ayTOpPCKUM npaBvMa MOry ce BUOETU Ha
cajTy Yaconuca, cTpaHulua AyTopcka npaBa M NOfITUKa caMoapXuBMpama.

PagoBu ce npedajy nyTeM OHNajH cuCTeMa 3a €EneKTPOHCKO YypehuBare
ASEESTANT, koju je pa3suo LleHTap 3a eBanyauujy y obpasoamny u Hayum (LLIEOH).

MpucTyn u pernctpaumja 3a cepBuC BpLUe ce Ha cajTy www.vtg.mod.gov.rs, npeko
ctpaHmue ASEESTANT wnu  CUWMHOEKC, oOHOCHO [OUWPEKTHO Ha  JIMHKY
aseestant.ceon.rs/index.php/vtg.

[eTtarbHO ynyTcTBO O perucTpaumjy 1M npujaBu 3a CepBUC Hamna3n ce Ha cajty
www.vtg.mod.gov.rs, cTpanuua YnyTcTBO 3a e-Yp: EnektpoHcko ypehuame — ASEESTANT.

MoTpebHO je Oa ce cBM ayTopu KOjU MogHoce pykonuc 3a objaBrbuBame Yy
BojHoTexHuukom rnacHuky pernctpyjy y pernctap ORCID (Open Researcher and Contributor
ID), npema ynyTcTBY Ha CTpaHuum cajta Peructpaumja 3a pobujawe ORCID
MOEeHTUMKaUMOHe windpe.

BojHOTEXHMYKM rmacHWK objaBrbyje YnaHKe Ha CPrCKOM, EHITIECKOM, PYCKOM, HEMaYKoM
Unu cppaHLycKkoMm jeauky (arial, cprnicka hupunuua nnm cprcka natMHvua, BenuymnHa cnosa 11
pt, npopeg Single).

Moctynak npunpeme, nucawa M ypehuBawa unaHka Tpeba ga Gyae y carmacHocTu
caWMzjaBom o etnykom noctynawy (http://www.vtg.mod.gov.rs/izjava-o-etickom-
postupanju.html).

UnaHak Tpeba fa cagpXu CaXeTak ca Kiby4yHVMM peunma, yBoA, paspady, 3akibydak,
nnUTepaTypy 1 pe3rMe ca Kiby4HUM peynma Ha eHrneckom jesnky (6e3 Hymepaumje Hacrnosa u
nogHacnosa). Obum unaHka Tpeba ga Gyae oko jegHor aytopckor Tabaka (16 crpaHuua
dopmata A4 ca npopenom Single), a HajuLLe 24 cTpaHuLe.

UnaHak Tpeba ga Oyae HanvcaH Ha obpacuy 3a nucakwe 4naHka, Kojyu ce y
€NeKTPOHCKOj hopMM MOXe MPey3eTu ca cajTa Ha cTpaHuum Obpasal 3a nucare YnaHka.

Hacnos

Hacnos Tpeba aa ogpaxaBa Temy 4naHka. Y MHTepecy je yaconuca v aytopa aa ce
KOpUCTE peyn npuknagHe 3a UHAEKCcUpare U NpeTpaxuBarke. AKO TaKBUX pPeYn Hema y
HacrnoBy, NOXerbLHO je Aa ce npuaoda u nogHacnos. Hacnos Tpe6a na 6yae npeseneH u
Ha EHrMeckn jesuk.

OBW HacnoBu UCMCYjy Ce UCnpes caxeTka Ha ogroBapajyhem jeanky.
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Tekyhu HacnoB

Tekyhn HacrnoB ce ucnucyje ca CTpaHe CBake CTpaHuLUe YnaHka paav nakule
naeHTudukaumje, nocebHo konuja unaHaka y enekTpoHckoM obnuky. Cagpxu npesvme u
MHUUMjan MMeHa ayTopa (ako ayTopa MMa Bulle, npeoctanu ce o3HayaBajy ca et al.*
unu 1 ap.“), Hacnoee paga u Yaconuca u konauujy (rognHa, BONTlyMeH, CBECKa, NoveTHa
1 3aBplUHa cTpaHuua). Hacnosu yaconuca v YnaHka mMory ce Aatu y ckpaheHomM obnuky.

Ume ayTopa

Hasogm ce nyHo ume 1 npesnme (CBMX) ayTopa. Beoma je noxersHo Aa ce HaBedy
N cpefdmwa crnosa aytopa. ViMeHa u npesumeHa gomahux ayTtopa yBeK ce ucnucyjy y
opurnuHanHoM obnuky (ca CpnckuM AnjakpUTUHKAM 3HAKOBMMA), HE3ABUCHO Of je3uka Ha
KojeM je HanucaH pag.

HasuB yctaHoBe ayTopa (achmnujauuja)

Hasogwu ce nyH (3BaHW4HW) HA3MB M CeauLUTe YCTAHOBE Yy KOjOj je ayTop 3arnocreH, a
€BEeHTyanHo M Ha3vWB YCTaHOBE Y KOjoj je ayTop 06aBuvo UCTpaxuBame. Y CrOXEHUM
opraHusauMjamMa HaeBogu ce ykynHa xujepapxuja (Hnp. YHuBepauteT opbpaHe y Beorpagy,
BojHa akapemwuja, Kateopa npupogHo-matemaTtndkvx Hayka). bap jenHa opraHusauuja y
Xujepapxvju mopa OuTM npaBHO nuue. AKO ayTopa MMa BULLE, @ HeKW MOTUYYy U3 uCTe
ycTaHoBe, Mopa ce, MocebHMM O3HakamMa WnM Ha ApYrv HayvH, HasHauMTu U3 Koje of
HaBedeHMX yCTaHOBa MOTMYe CBakM Of HaBedeHux aytopa. Adwunujaumja ce ucnucyje
HernocpeaHO HakoH MMeHa ayTopa. PyHKUMja 1 3BaHe ayTopa Ce He HaBode.

KoHTakT nogauu
Agpeca unu e-agpeca CBMX ayTopa Aaje ce Ha NPBOj CTPaHWULM YNaHKa.

KaTeropuja (Tvn) unaHka

KaTteropusauuja unaHaka obaBesa je ypegHuWTBa M Of MocebHe je BaKHOCTM.
KaTeropujy unaHka mory npegnaratm peueH3eHTW W YnaHoBW YpegHWLITBA, OOHOCHO
ypeaHuum pybpuka, anu OQrOBOPHOCT 3a KaTeropvsauujy CHOCU WCKIbYYMBO [MaBHU
ypeaHuK.

YnaHuwm y Yaconucuma ce pasBpcrtaBajy y cnegehe kateropuje:

HayuyHn unaHum:

1. opurMHanaH Hay4YHu pag (pag y KojeM ce M3Hoce MPeTXo4HO HeobjaBrbvBaHu
pesynTaTi CONCTBEHWNX UCTPaXuBama Hay4HUM METOAOM);

2. npernegHu pap (pag Koju cagpXv OopurMHanaH, getarbaH U KpUTUYKM MpuKas
ucTpaxusaykor npobnemMa wnu nogpyyja y kojem je aytop ocTtBapuo ogpeheHu
OONPYHOC, BUAMLMB Ha OCHOBY ayTouuTara);

3. KpaTKo UM NPeTxXodHO caomnwTere (OpUrMHanHW Hay4YHu pag nyHor dopmaTa,
anun marer obuma nnu NpenuMMUHapHOr KapakTepa);

4. HayyHa KpWTMKa, OOHOCHO nornemuka (pacnpaBa Ha ogpefeHy HayyHy Temy,
3aCHOBaHa MCKIbYYMBO Ha Hay4yHOj aprymeHTaumju) u ocBpTy.

M3y3eTHO, y Hekum obnactma, HayyHu paf Yy 4Yacomucy Moxe wuMatn obnuk
MoHorpadcke CTyauvje, kao W KpUTUYKOr u3gawa HayyHe rpahe (MCcTopujcko-apXmBeke,
nekcukorpadcke, bubnuorpadcke, npernega nogataka U cn.) — OoTag HemosHate unm
HEe[0BOSbHO MPUCTYNaYHe 3a Hay4YHa UCTPaKMBaHa.

PapoBu knacudukoBaHn Kao Hay4HU Mopajy umaTu 6ap ABe NO3NTUBHE peLieH3uje.

AKo ce y yaconucy objaBrbyjy ¥ NpUo3n BaHHay4yHOr KapakTepa, Hay4YHu unaHum
Tpeba aa Oyay rpynmMcaHun u jacHo M3LBOjEHN y MPBOM Aeny CBECKE.
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CTpyyHM ynaHuym:

1. CTpyYyHM pag (Npwuror y KojeM Ce Hyde MCKycTBa KOpuCHa 3a yHanpefene
npodecroHarnHe npakce, anu Koja HUCY HY>XHO 3acCHOBaHa Ha Hay4HOM MeTOAY);

2. nHdpopmaTmBHU NpuUnor (YBOAHUK, KOMEHTap 1 c1.);

3. npukas (kkbure, padyHapckor nporpama, cnyyaja, HayvHor gorahaja, n cn.).

Jesuk paga

Jesnk paga Moxe OGUTU CPNCKW, €HrMeckn unu Apyru je3vk Koju ce KOpUCTU Y
MefyHapoaHoj KOMyHuKaumju y oapeheHoj HayyHoj obnactu (pycku, Hemadku unm
paHLyCcKm).

TekcT Mopa BUTK je3andkn u CTUMCKU JoTepaH, cucTematusoBaH, 6e3 ckpaheHuua
(ocum ctangapaHnx). Cee dusuyke BenuunHe mopajy 6utn uspaxeHe y MefyHapogHom
cuctemy MepHux jeamHuua — Sl. Pegocnen obpasaua (dopmyna) o3Hayasa ce peaHuM
6pojeBuMa, ca gecHe CTpaHe y OKpyrnvMm 3arpagama.

CaxeTak (ancTpakT) U pesume

CaxeTak (ancTpakT) jecTe KpaTak MHopMaTuBaH npukas cagpxaja YnaHka Koju
ynTaouy omoryhaBa ga Op30 M TayHO OLEHW HErOBY PerneBaHTHOCT. Y UHTepecy je
ypegHvWTaBa M aytopa [a CaxeTak CaapXu TepMMHE KOju Cce 4YecTo Kopucte 3a
MHAeKcupare 1 npetpary ynaHaka. CactaBHWM OenoBu caxeTka Cy LWib UCTpaxuBara,
MeToau, pesynTtaTu n 3akrbyyak. Caxetak Tpeba ga nma og 100 go 250 peun n Tpeba ga
ce Hanasu usmefy 3arnaerba (Hacrnos, UMeHa ayTopa W Ap.) U KIbYYHUX peyun, HaKOH
KOjUX criegm TeKkCT unaHka. AKO je paj HamucaH Ha CprckoMm (PYCKOM, HEMaykoM unu
paHLyCKOM) je3nKy MOXerbHO je Aa ce, Nopef caXeTka Ha CPrCKOM (PYyCKOM, HEMa4koM
unu paHLycKoM), Aaje U caxeTak y NpoLIMPEeHOM OBMMKY Ha EHrI1IeCcKOM je3nKy — Kao
T3B. pe3ume (summary). OBakaB pe3avme Tpeba ga byae Ha Kpajy YnaHka, HakoH oderbka
Jlutepatypa. BaxHo je ga pesvme Oyage y cTpykTypupaHoM ObBnuvKy, a HeroBa AyxuHa
mMoxe 6utn go 1/10 gyxuHe 4naHka (ONWWpHWMjM je of caxeTka ca noyeTka unaHka).
MoyeTak oBor pe3nmea moxe OMTN NpeBedeHN caxeTak (Ca MoyveTka 4raHka), a 3aTtum
Tpeba ga cnepe npesBedeHV rNaBHU HACMOBKM, NOAHACMOBU M OCHOBE 3aKiby4ka unaHka
(nnTepaTypa ce He npesoaw). MNoTpebHo je Aa ce y CTPYKTypuMpaHOM pe3vnmMey npeseae u
[Aeo TeKCTa Ucnop Hacrnosa v nogHacnosa, Boaehu padyHa Aa oH 6yae nponopumoHanaH
HMXOBO] BENWYMHW, a da ofpaxasBa CYyLTWHY. HakoH pe3vMea Ha €HINeckoM jesuky
(npowwmpeHor caxeTka) Oofaje ce Heros npeBod Ha cprickoM, ga 6w pepgakuuja
M3BpLUMNA NPOBEPY U NEKTYPY.

KrbyuHe peun

KrbyyHe peun cy TepmumHu unu dpase Koje agekBaTHO npefcTaBrbajy caapaj
YnaHka 3a notpebe nHaekcupamwa u npeTpaxvearsa. Tpeba nx gogersnsatun ocnawajyhu
ce Ha Heku MehyHapoaHu m3BOp (MOMUC, PEeYHUK Wnu Te3aypycC) Koju je Hajwumpe
npuxeaheH unu yHyTap gate HayyHe obrnacTtu. 3a Hnp. Hayky yonwTe, TO je nucra
Krby4HUX peun Web of Science. Bpoj kibyuHux peun He moxe 6utm Behu og 10, a y
MHTEepecy je ypedHULITBA M ayTopa Aa yyecTanocT wuxose ynotpebe byae wro Beha.
KrbyyHe peuun Aajy ce Ha je3uKy Ha KOjeM je HanmcaH unaHak (CaxkeTak) U Ha eHrneckom
jeauKky. Y ynaHKy ce nuLly HEMocpedHO HAKOH CaXeTka, O4HOCHO HakoH pesumMea.

Cunctem ASEESTANT y Ty cBpxy kopucTu crneumjanHy anatky KWASS: aytomatcko
eKCTpaxoBamwe KIbyYHUX peyn M3 AUCUMNMIMHapHUX Tesaypyca/peyHuka no usbopy u
pyTMHe 3a HuXxoB opabup, Tj. npuxsaTawe OAHOCHO ofAbaumBare of CTpaHe ayTopa
n/vnu ypeaHuka.
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[aTtym npuxBaTama YnaHka

[JaTtym kafa je ypeOHWLWTBO NPUMMUIIO YnaHak, AaTyM Kafa je ypeOHWLITBO KOHa4Ho
NpUXBaTWMO uYnaHak 3a objaBrbMBare, Kao W AaTymum kaja cy y MefyBpemeHy
[OCTaBIbEHE EBEHTYarHe UCNpaBKe pykonuca HaBOAE Ce XPOHOIOLLKUM pefocnenoM, Ha
cTasfiHoM MecCTy, Mo NpaBuIy Ha Kpajy YnaHka.

3axBanHuua

Hasue n 6poj npojekTa, 0AHOCHO Ha3MB Nporpama y OKBMpY Kojer je YnaHak HacTao,
Kao W Ha3MB MHCTUTYUMje Koja je dhMHaHcuMpana npojekat unu nporpam, HaBogu ce Yy
noce6Hoj HaNOMEHW Ha CTarHOM MECTY, Mo NpaBuIy Npu OHY NPBEe CTpaHe YnaHka.

MpeTxoaHe Bep3uje papa

AKO je unmaHak y MpeTxofHoj Bep3uju GMo U3NOXEeH Ha CKyny y Buay YCMeEHOT
caonwTewa (No4 UCTUM MNKU CMYHUMM HAacroBoM), nogatak o Tome Tpeba pga Oyne
HaBefeH y nocebHOj HaNmoMeHW, NO NpaBuny Npu AHy NpBe cTpaHe YnaHka. Pag koju je

Beh objaBrbeH y HEKOM 4aconucy He Moxe ce 006jaBuTU y BOjHOTEXHUYKOM FMacHuKy
(npewTamnatu), HA NOA CAMYHUM HACNOBOM U M3MEHEHOM OBMUKY.

TaGenapHu u rpacuykn npukasm

MoxersHo je Aa HacnoBwu CBUX Npukasa, a No MoryhcTBy M TeKCTyanHW cagpxaj,
Oyay Aatv 4BOje3NYHO, Ha je3nKy pada U Ha eHrMeCcKOM je3uKy.

Tabene ce nuLy Ha NUCTU HAYMH Kao M TEKCT, @ O3Ha4aBajy ce pegHuM GpojeBuma
ca ropmwe cTpaHe. PoTtorpaduje n LpTexmn Tpeba ga Oyay jacHu, npernegHy 1 NOrogHK 3a
penpoaykuujy. Llptexe Tpeba pagutu y nporpamy word unu corel. ®otorpadmje u
upTexe Tpeba NOCTaBUTU Ha KEbEHO MECTO Y TEKCTY.

3a cnvke n rpadukoHe He CMe Ce KOPUCTUTM CHUMakK ca eKkpaHa padyHapa
nporpamMa 3a npukynrbare nogaraka. ¥ camom TeKCTy YnaHKka npenopydyje ce ynotpeba
cruvKa n rpadmkoHa HenocpedHo U3 Mporpama 3a aHanuay nogaTaka (kao wTo cy Excel,
Matlab, Origin, SigmaPlot n gpyru).

HaBsohemne (uuTnpame) y Tekcty
HauyvH no3vBana Ha M3BOpE Y OKBMPY YraHka Mmopa 6uTu jegHoobpasaH.

BojHOTEXHUYKM rNacHWK 3a pedepeHumpare (UMTMpare n HaBohewe nuTepatype)
npumetbyje XapBapAcku cnuctem pedepeHun, OQHOCHO XapBapACKu NPUPYYHUK 3@ CTWM
(Harvard Referencing System, Harvard Style Manual). ¥ camom TekcTy, y 0OBWU4HUM
3arpagama, Ha MecTy Ha KOjeM Ce BpLUM MOo3uBawe, OOQHOCHO UMTMpake nutepartype
HabpojaHe Ha Kpajy YnaHka, obaBesHo y 06MYHOj 3arpagu HanucaTtu Npe3nMe LmMTupaHor
ayTopa, roavHy m3gawa nybnvkauuje ns koje umtupate WU, eBeHTyarnHo, 6poj cTpaHuua.
Hnp. (Petrovi¢, 2012, pp.10-12).

[leTarbHO ynMyTCTBO O HauMHy LMTMpara, ca NpMMepuma, AaTo je Ha CTpaHuum
cajTa YnyTcTBO 3a XapBapAcku MpupydHuK 3a ctun. MoTpebHo je ga ce nosvBame Ha
nuTepaTypy Yy TEKCTY ypaau y cknagy ca MOMeHYTUM ynyTCTBOM.

Cuctem ASEESTANT y cBpxy KOHTpoOse HaBohewa (untupawa) y TEKCTY KOPUCTU
cneuujanHy anaTky CiteMatcher: oTkpuBame M30CTaBrbeHWX LuTaTa y TeKCTy paga u 'y
nonucy pedgepeHLm.

HanomeHe (cpycHoTe)
HanomeHe ce gajy npu AHy cTpaHe Ha Kojoj Ce Hamnasu TeKCT Ha Koju ce oaHocCe.
Mory cagpxatn mamwe BaxHe AeTarbe, JOMNyHcKa objallera, Ha3Hake o KopuwheHum
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1M3BopuMa (Ha npumep, Hay4yHoj rpafu, NpupydyHMuMMa), anu He mory 6utn 3ameHa 3a
LUTMpaHy nuteparypy.

INucTa pecepeHumn (nutepartypa)

LintupaHa nutepatypa obyxBaTta, no npasuny, Gubnuorpadcke n3sope (4naHke,
MoOHorpadumje 1 cn.) U gaje ce UCKIbY4MBO Yy 3aceOHOM oferbKy unaHka, y Buay nuicre
pedepeHun. PedepeHue ce He npeBofe Ha je3vk paga v Habpajajy ce y nocebHom
oferbKy Ha Kpajy YnaHka.

BojHOTEXHMYKM rMAcHUK, KAa0 Ha4yMH MCnuca nuTepaType, NpuMekbyje XapBapacku
cuctem pedepeHun, ogHOCHO XapBapAcku npupyyHuk 3a ctun (Harvard Referencing
System, Harvard Style Manual).

Jlntepatypa ce obaBe3HO nuile Ha nNaTMHWYHOM NUCMy M Habpaja no abeuenHom
pepocneny, Hasogehu Hajnpe npesumena aytopa, 6e3 Hymepauuje.

[eTarbHO ynyTCTBO O HauMHy nonuca pedepeHuu, ca npuMepuma, AaTo je Ha
CTpaHMuM cajTa YnyTCcTBO 3a XapBapAcku NpupyYHUK 3a ctun. MNoTpebHo je ga ce nonuc
nuTepaType Ha Kpajy YnaHka ypagu y cknagy ca NnoMeHyTUM ynyTCTBOM.

HecTtaHgapaHo, HEMOTNYHO UNKU HegocneaHo HaBohewe nuTepaTtype y cuctemmnma
BpedHOBaka vaconuca cmartpa Ce [JOBOSbHMM pasfioroM 3a OcrnopaBake HayyHor
cTaTyca Yaconuca.

Cnctem ASEESTANT y cBpXy KOHTpone npaBuiiHOr ucnuca nucte pedepeHum
KOpuCTK cneumjanHy anatky RefFormatter: koHTpona o6nukoBawa pedepeHumn y cknagy
ca XapBapacKvM NpYpYy4YHUKOM 3a CTWI.

MponpaTtHo nucmo (camo 3a aytope u3 Peny6nuke Cpbuje u no nocebHom
3axTeBy ypeaHuka)

Mopen unaHka gocTaerba ce nNponpaTHO NUCMO Yy Kojem Tpeba nctahu o Kojoj BpCcTr
uynaHka ce pagu, Koju cy rpaduykm npunosu (potorpachmje n LpPTEXN) OpUrMHANHK, a
KOj\ NO3ajMIbEeHMN.

Y nponpaTHOM MMCMYy HaBoAe Ce U Nnofaun aytopa: MMe, Cpefhe CIoBo, nNpesvme,
YuH, 3Bakbe, e-mawn, agpeca nocnogasua (BIM), kyhHa agpeca, TenedoH Ha pagHOM
MecTy 1 kyhHu (MO6GuNHW) TenedoH, pavyH n Ha3uB GaHke, CO mecTa cTaHoBawa, 6poj
nunyHe kapte u JMbB rpafaHa.

CBM pagoBM NoAnexy CTPYYHOj peLeH3uju.

Cnuncak peueH3eHata BojHOTEXHMYKOr rnmacHMka MoXe ce BMOETU Ha CTpaHuuum
cajta Cnucak peueHseHaTa. [lpouec peueH3vpawa objaweH je Ha cTpaHuum
cajTa PeLeH3eHTCKM nocTynak.

Appeca pepakuuje:

BoOjHOTEXHMYKM rNaCHNK,

Bpahe Jyrosuha 19, [lom Bojcke Cpbuje,

11000 Beorpag,

e-mail: vojnotehnicki.glasnik@mod.gov.rs.
YpeaHuk
Mp Hebojwa Mahewa, gunn. nHx.
nebojsa.gacesa@maod.gov.rs,

http://orcid.org/0000-0003-3217-6513,
Ten.: BojHm 23-720 (011/3201-720),
011/3241-311, 064/8080-118
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NPUMMALLEHUWE N UHCTPYKLUNA ONA ABTOPOB O NMOPAOKE
NOAroToBKN CTATbU

MHCTpykuus anst aBTOpPOB O Mopsiike MOArOTOBKM CTaTbM K OMNybrnvMkoBaHuio B
XypHane «BoeHHO-TEXHMYECKMI BECTHMK» pa3paboTaHa B COOTBETCTBUM C AKTOM O
pefakTMpoBaHMU Hay4HbIX XypHanoB MUHWCTEPCTBa Hayku U TEXHONOrMYECKOro pa3BTusi
Pecnybnukn Cepbusi, Ne 110-00-17/2009-01 ot 09.07.2009 r. NpumeHeHnem atoro AkTa,
B MNeEpBYD o4yepedb, OOECnevMBaeTCs COBEPLUEHCTBOBAHME KadecTBa OTEYECTBEHHbIX
XyHanoB K ux 0Oornee MOMHOro BKIIOYEHVS B MeXOyHapogHyl cuctemy obmeHa
Hay4yHON nHdopmaumen. NHCTpyKUMs COOTBETCTBYET MeXAyHApOAHbIM cTaHaapTam ISO
4, IS0 8, ISO 18, ISO 215, ISO 214, 1SO 18, ISO 690, ISO 690-2, ISO 999, ISO 5122 n
COOTBETCTBYIOLUMM OTEYECTBEHHBIM CTaHAapTaMm.

BoeHHo-TexHMuyeckun BecTHUK (Vojnotehni€ki glasnik / Military Technical
Courier), BTr.mMo.ynp.cp6, www.vtg.mod.gov.rs/index-ru.html, ISSN 0042-8469 -
neyatHoe wusnaHue, e-ISSN 2217-4753 — online, UDK 623+355/359, gaBnsetcsa
MYNbTUANCUMMNMHAPHBIM Hay4HbIM >KypHanom MuHucTepcTBa 060poHbI Pecnybnukm
Cepbusi, KoTOpbIi NyOGNMKyeT HayyHble W npodpeccuoHanbHble CcTaTbM, a Takke
TEXHUYECKYIO MH(OPMALMIO O COBPEMEHHbIX CUCTEMAx BOOPYKEHUS M COBPEMEHHbIX
BOEHHbIX TexHororusx. XXypHan cnegut 3a eOuHOW MEXBOWCKOBOW TeXHWYeCKOon
noaaepKKON BOOPYXKEHHbIX CWI, OCHOBAHHOW Ha MPMHLUMNAX CUCTEMHOM NOMMCTUKM, 3a
NPVKNagHbiMM U MHHOBALMOHHBIMW Hay4YHbIMW WUCCIEAOBaHUsIMW, B TOM 4ucne, B
obnacTtu nponsBoacTBa BOEHHOrO 000pYyAOBaHMA 1 CPEACTB BOOPYXKEHUS], U 3a NPOYNMU
TEOPEeTMYECKMMUM U MPaKTUYECKMMU  OOCTWKEHMSIMKM,  KOTOPble  CMOCOOCTBYHOT
npodeccrMoHansHOMy COBEPLUEHCTBOBaHMIO NpeacTaButenei cepbckoro, perMoHansHoro
M MeXZyHapoAHOro  akagemmyeckoro coobuiectBa, W OCOBEHHO  crnyKalux
MuHunctepcTBa O6opoHbl U BoopyxeHHbix cun Pecnybnvku Cepbus.

MuHUCTEPCTBO 00pa3oBaHUsl, HaykM W TEXHOMOrMYeckoro passutus Pecnybnvkm
Cepbus, cornacHo peLleHnto no ¢T. 27 abs3au, 1, NyHKT 4 1 No NOSTy4EHHOMY TOSKOBaHMIO CT.
25 ab3ay 1 nyHKT 5 3akoHa O HaydYHo-UccrnemoBaTenbckon aesaTensHoctu (,CnyxobexHu
rnacHuk PC", Ne 110/05, yTBepxauno kateropmsaumio BoeHHO-TEXHUYECKOro BECTHMKa 3a
2014 ron;

KaTeropun B 06nactn TEXHONOMMYECKOro pasBUTHS:

— Obnactb MaTepuanoB U XMMUYECKOMN TEXHONOIMU:
BeAYLLMIN Hay4YHbIV XXypHan HauMoHaneHoro 3HavyeHus (M51),

— OO6nactb 3NEKTPOHUKM, TeNeKOMMYHUKauMh U  MHGOPMaLUOHHBLIX
TEeXHONOIMMI: Hay4HbIN XypHan HauMoHanbHOro 3HavyeHusi (M52),

— Obnactb MexaHUKK:

Hay4HbIV XXypHan HauMoHanbHoro 3HavyeHus (M52).

KaTeropun B 06racT OCHOBHbIX UCCIEL0BaHUINA:

— Obnactb MaTemMaTUKa, KOMNbIOTEPHbIE HAYKU, TEXHUYECKMEe HayKu:

Hay4YHbIV XXypHan HauMoHanbHoro 3HaveHusa (M52).

MHdpopmaumio oTHoCcMTENBHO kaTteropusaumm 3a 2014 rog MOXHO MOCMOTPETb Ha
cTpaHuue canta BoeHHO-TexHuU4Yeckoro BecTHMka  Karteropu3aumsa  BecCTHWKa
(MUHMCTEPCTBOM MPOCBELLEHNSI, HAYKM W TEXHONOrM4eckoro passutust PecnyOnukm
Cepbusi noka He MpoM3BOAUINOCH OhMUMANBHOE PaHXUPOBaHUE Hay4YHbIX >XYpHaroB 3a
2015 n 2016 rog.).

Bornee noapoGHyld MHMOPMaLUI0 MOXHO npoyuTatb Ha cante MuHucTepcTBa
obpa3oBaHusi, Hayku 1 TexHonormyeckoro passutus Pecnybnuku Cepbus.
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MHdopmaumio o kateropmsauum MOXHO nocMoTpeTb U Ha cante KOBCOH-a
(KoHcopumnym 6mnbnuotek Pecnybnukn Cepbusi no BonpocaM 06beaAnHEHNUsT 3aKyMOK).

KaTteropusaumsa BecTHuka npoBefeHa cornacHo [lonoxeHnio o nopsiake m crnocobe
KaTeropmsaummn Hay4YHO-MCcCcrneaoBaTeNbCKMX pe3ynbTaToB, yTBEpKAeHHOMY HavuunoHanbHbIM
KOMMWTETOM MO Hayke v TexHonorusim (Cnyx6exu rmacHuk PC, Ne 38/2008).

B cooTtBeTCTBUM C BhlleyKka3aHHbIM [TonoxkeHneM n Tabnuukon c nokasatensmu
KnaccugvkaumMm U1 - KaTeropusauunm  MHAMBMAYasbHBIX  Hay4YHO-UCCIeLoBaTeNbCKMX
pesynbTaToB  (ABNSOWENncs  HeoTbemnemow  4acTeto  [lonoxenusi),  paborta,
onybnvkoBaHHasi B BOEHHO-TEXHWYECKOM BECTHUKE, OLIEHNBAETCSH CreayoLLmMm cnocobom: 2
6anna (kateropust M51) n 1,5 6annos (kateropusa M52).

XKypHan cooTtBeTcTBYeT crtaHaapTam Cepbckoro umtatHoro uHgekca — SCindeks
(basa paHHbIX OTeYeCTBEHHbIX HayyHbIX XXypHanoB), a Takke Poccuiickoro mHaekca
Hay4yHoro uuTtupoBaHus (PUHLL). XXypHan nocTosiHHO oueHuBaeTcs (MOHWUTOPUWHI) B
3aBMCUMOCTM OT YNCIEHHOrO NoKa3aTens BaXXHOCTM HAay4YHOro XypHana B camux 6asax, B
T.4. ONOCPEeAOBAHHO B MeXAyHAPOAHbIX UMTaTHbIX MHaekcax (Clarivate Analytics).

C vHdopmaLmeit 06 MHOEKCMPOBaHUM MOXHO O3HaKOMUTBLCSI Ha CTpaHuue cailTta
XypHana «/HaekcpoBaHue BEeCTHUKay.

«BOEHHO-TEXHNYECKUIA BECTHUK» OOecnedMBaeT 4YuTaTensM BO3MOXHOCTb OTKPbLITOro
[OCTyna, B COOTBETCTBMM C MOSIOXEHUsIMM 0O aBTOPCKUX MpaBax, yTBEPKAEHHbIMMU
Creative Commons (CC BY). C wuHcTpykunen o6 aBTOPCKUX MpaBax MOXHO
O3HAKOMUTBLCA HA CTpaHvMue ABTOPCKME MpaBa U MONIMTUKA CaMOapXMBUPOBaHMS,
nepevas no cceinke http://www.vtg.mod.gov.rs/index-ru.html.

Pa6otel npeactaBnsitotca nytem  online  cuctemon  e-Yp:  OneKTpoHHoe
n3gaTtenbcTBO ASEESTANT, 3anyuweHHoe LleHTpom nopoepxuBaroLmmMm passuTme
obpasoBaHus 1 Hayku (LIEOH).

lMpaBa pocTyna u peructpauus B cucteme oQOpPMNATCA NO agpecy
http://mww.vtg.mod.gov.rsfindex-ru.html, yepe3 ctpannuy «ASEESTANT» wimn «CLMHOEKC»
(aseestant.ceon.rs/index.php/vtg).

C VHCTpYyKUMen No perucTpaummn n npasy AOCTYNa MOXHO 03HAKOMWUTBLCH NO agpecy
http://www.vtg.mod.gov.rs/index-ru.html, Ha cTpaHuue «HCTpykuMa no e-Yp: JInekTpoHHoe
n3gatensctBo ASEESTANT».

Bce aBTOpbI, NpeaocTaBnstoLLme CBOM PyKONMCH Ha Myornvkaumio B peaakumio XXypHana
«BOEHHO-TEXHNYECKNIA BECTHUKY» LOMKHbI NPoiTh permctpaumio B peectpe ORCID (Open
Researcher and Contributor ID), B COOTBETCTBMM C WHCTPYKUMEA Ha CTpaHWUe cawta
Peructpauus B peectpe ORCID ans npucBoeHns naeHTumKaLmoHHOro koaa.

BoeHHo-TexHNYeCKkun BECTHUK BbIMYCKAET CTaTbu Ha CepbCKOM, PYCCKOM, aHTTUIACKOM,
HemeLuKoM unu dpaHuy3ckom a3bikax (Arial, wpndT 11 pt, npoben Single).

MpoLecc NoAroToBkM, HANMCaHWs U PefakTUPOBaHWS! CTaTbW JOMKEH OCYLLECTBISTHCS
B COOTBETCTBUM C MpMHLMNaMn dtudeckoro kogekca (http://www.vtg.mod.gov.rs/etichyeskiy-
kodyeks.html).

CTtaTtbsl 4OMKHA cogepXXaTb CHOXKET C KIYEeBbIMU ClIOBaMU, BBeAEHME, pa3paboTky,
BbIBOAbI, CMUCOK WCMOMb30BaHHOW NUTEpaTypbl U pe3loMe C KIYeBbIMU CrOBaMKU Ha
aHrnuMnckoM s3blke (6e3 Hymepaumu 3arornioBKOB M noasarornoBkoB). O6bem cTaTbu He
[OOIMKEH NpeBbILLaTh OAMH aBTOpCKuii NUCT (16 cTpanuy dopmata A4 ¢ npobenom Single).

CraTtba gomkHa OblTb HanvMcaHa Ha obpasue HanucaHus cTtaTby, KOTOPbIN MOXHO
ckayaTb Ha cTpaHuue canTa «[lpaBuna n obpaseL, cocTaBneHns ctatbu».
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3aronoBok

3arofioBoK AOIMKEH OTpaxaTb TeMy cTtaTbW. VIHTepechl ypHana u aBTopa cocTosT
B UCMOMb30BaHWM CroB, yoobOHbIX Ans uHAekcauun u noucka. Ecnn Takue crnoea He
cofep)kaHbl B 3arofioBke, TO enaTenbHO 406aBMTb U N043arofoBoK. 3arofioBOK AOMKEH
OblTb NepeBefeH Ha aHMMWACKMIA A3blK. OTU 3arofoBKU NULYTCS Mepes ClokeTamu Ha
COOTBETCTBYIOLLEM A3bIKE.

TeKywmin 3aronoBokK

TekylWwnin 3aronoBOK MULIETCS B TUTYNe KaxgoW CTpaHuubl CTaTbM C LUEmbio
ynpoLweHnsa naeHTndukaumm, B NepBo o4epeamn Konuin cTatbel B 3MEeKTPOHHOM BuAe.
CopepxuT B cebe damunuio M MHULManN MMeHW aBTopa (B Criyyae ecnv asBTOpOB
HECKONbKO, OocTanbHble obo3HavalTcs ¢ «et al.» vunu «n gp.»), 3aronoBkn paboTbl U
XypHana (rog, obbem, TeTpagb, HavanbHas W 3akMouUTENbHas CTpaHuua). 3aronoBku
XXypHana n ctaTby MOryT NPMBOAUTBLCS B COKpPALLEHHOM BUAE.

®PUO aBTOpa

[MpuBoaaTcs nonHas chamunus 1 nonHoe nms (Bcex) aBTopos. OueHb XenaTernsHo,
4yTobbl GbINU NpUBEAEeHbl U cpegHMe OykBbl aBTOPOB. PamMUNUA N UM OTEHECTBEHHbIX
aBTOPOB BCerga nuwyTcsa B OpurMHanbHOM Buae (C cepbckumn  AnakpuTUyYecKummn
3Hakamu), He3aBMCMMO OT A3bIKa, HA KOTOpPOM paboTa HanmcaHa.

HanmeHoBaHue yupexaeHusa aBTopa (addpunuauus)

MpuBogutca nonHoe (oduuManbHOE) HaWMEHOBAaHME W  MEeCTOHaxoXaeHue
yypexgeHusi, B KOTOpoM paboTaeT aBTOp, a Takke HaMMEeHOBaHWe yupexaeHus, B
KOTOpPOM aBTOp NpoBen uccnegoBaHne. B crnyyae CrnoXHbIX OpraHMsaumini NpMBOAUTCS
obwan mepapxusi (Hanp. YHuBepcuteT obopoHbl B r. Benrpage, BoeHHas akagemus,
Kadeapa BoeHHbIX anekTpoHHbIX cuctem). o kpariHein mepe, ofHa U3 9TUX opraHv3aumin B
nepapxuu JormkHa UMeTb CTaTyc lopuamdeckoro nuua. B cnyyae ecnu aBTopoB HECKOMb-
KO, N ecnin HekoTopble paboTalT B OOHOM YYpexXAeHUn, HyXXHO OTAeNbHbIMU 0603Have-
HAUSMU UNW  KakUM-HMOyab OpyruMm  cnocobom ykasaTb B KakOM U3 MpuBedeHHbIX
yupexaeHum
paboTaeT Kaxabli U3 npuBeAeHHbIX aBTopoB. Addunmnaumsa nuweTcs HenocpeacTBEHHO

nocn MQ apTopa. JomKHOCTb U KBanudmrkaums no o6pa3oBaHnio He yKasblBalOTCS.
ekgHTaKTHI::% A&Hbl’é ® H P y

MoyToBbI aapec W/WNM 3NeKTPOHHbLIN adpec aBTOPOB YKa3blBalOTCS Ha NepBoM
CTpaHULbl CTaTbM.

KaTeropus (Tun) ctatbu

KaTteropusauma crtatben sBnsietca 06s13aHHOCTbIO pedakuum n umeet ocoboe
3HayeHune. KaTteropuio ctatbyn MOryT npegnaratb PeLeH3eHTbl U YneHbl pedakuuu, T.e.
penakTopbl pyOpuK, HO OTBETCTBEHHOCTb 3a KaTeropus3aumilo HeceT WCKIIYUTENbHO
rmaBHbIN pegakTop. CTaTby B XXypHanax pacnpeaenstoTcs Mo criefytoLwmnm KaTeropusm:

Hay4Hble cTaTtbu:

1. opurMHanbHas HayyHas pabota (paboTa, B KOTOPOW MPUBOAATCA paHblue
HeonybnnkoBaHHbIE pe3ynbTaTbl COOCTBEHHbIX UCCIIEA0BAHUIN HAYYHBIM METOLOM);

2. HarnspgHas pabota (paboTa, coaepxalwiasi OpurMHarnbHbIA, OeTanbHbId ©
KpuTnyeckuin 063op uccnegoBaTtenbckon npobnembl nnm obnactu, B KOTOpLIA aBTop
BHEC onpeaeneHHbIV BKNaa, BUOUMbIA HA OCHOBE aBTouuTaT);

3. kpaTKkas unu npegBapuTenbHas MHgopmauusa (opurMHanbHas HayyYHas paboTa
nonHoro popmara, Ho MeHbLLIEro o6bemMa Unu UMetoLLas NpeaBapUTENbHbIA XapakTep);
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4. Hay4yHasa KpUTUKa, T.e. NonemMuka (GUCKYCCUS Ha ONpPeAeneHHyYI0 Hay4yHylo Temy,
060CHOBaHHas NCKNIOYNTENBHO Ha Hay4yHOW aprymeHTauumn) n 6ernble 0630psbl.

OpHako, B HEKOTOpbIX 0bracTax Hay4yHas paboTta B XypHarne MoxeT uMeTb opmy
MOHOrpadmyeckoi CTyauMu, a Takke KpUTUYECKOro W34aHWs HayyHoro Martepuana
(McTOpMKO-apxmMBHOTO, fekcukorpaduyeckoro, bubnuorpadumyeckoro, ob63opa AaHHbIX U
T.N.) — A0 TexX MOP HEeW3BECTHOr0 WNM HeOoCTaTOMHO [AOCTYMHOro ANA  Hay4HbIX
nccrnegosaHnin. PaboTbl, KnaccuuunpoBaHHble B KAYeCTBE HayyHbIX, OOMKHbI UMETb,
Mo MeHbLUen Mepe, ABE NONOXUTENbHbIE PELeH3NN.

B cny4vyae ecnn B XypHane 00bABMAITCA U NpUNoXeHna, He nveruimne Hay‘-leIl7I
Xapaktep, Hay4Hble CTaTbW OOJTKHbI ObITb crpynnmpoBaHbl U YETKO BblaesieHbl B nep30|7|
vYacTtu TeTpagun.

[podheccroHanbHble cTaTbi:

1. npodeccroHanbHasi paboTa (NPUNOXEHWUs, B KOTOPbIX MpeafiaratloTcs onbIThl,
nonesHble AN COBEPLUEHCTBOBAHUSI MPOCECCUOHANbHOW MPaKTMKM, HO KOTOpble He
OOMKHbl B 06s13aTenbHOM nopsigke ObiTb 060CHOBaHbI HA HAYYHOM MeTOoAE);

2. HOPMATUBHOE NPUNOXEHNE (NepeaoBas cTaTbsi, KOMMEHTapUiA U T.M.);
3. peueH3ns (KH1rv, KOMMbLIOTEPHON NPOrpaMMbl, Criydas, Hay4HOro cobbITuS 1 T.M.).

A3blk paboTbl

PaboTta MoxeT ObiTb HanucaHa Ha CepOGCKOM, aHrMMIACKOM WNW OPYroMm A3biKe,
MCNonb3yemMom B MeXAyHapoAHON KOMMYHUKauuW B onpefeneHHon HayqHon obnactu
(pycckuii, HEMeLKMUIA Unu paHLLy3CKniA).

TeKkcT fomkeH OblTb B NMHIBUCTUYECKOM U CTUITUCTUHECKOM CMbICNE YMNOPSA0YEH,
cucTemaTtusmpoBaH, 6e3 cokpalleHuii (3a UCKNYeHneM ctaHaapTHbIX). Bee dusnyeckne
BeInn4nHbl OOIMKHbI COOTBETCTBOBATL Me>|<,quapo,J:lH0|7| cucrteme egvHUL, U3MepeHna —
CW. OuepepHocTb opmyn obo3HavaeTcsi MOPSAKOBLIMU HOMEpPaMK, C MPaBoON CTOPOHLI
B KPYrIibIX CKOBKax.

CroxeT (abcTpakT) u pestome

CioxeT (abcTpakT) siBNsieTcsl KpaTkuM MHOPMAaTUBHbIM 0030pOM cofepKaHus
cTatbu, obecneumBaroLLMM YuTaTento ObICTPO M TOYHO OLEHUTb ero peneBaHTHOCTb. B
MHTEpecax pedakuuy 1 aBTOPOB, YTODbI CIOXET copepXan TePMMHbI, YacTo UCMOSb3yemble
ONa MHAOEKCUPOBaHMSA M noucka ctatber. COCTaBHbIMM YacTAMU CloXKeTa ABMSATCA Lernb
nccnegoBaHnsa, MeToabl U 3aknodeHne. B cioxete gormkHo 6biTb oT 100 go 250 cnos, n
AOIMDKEH HaxoauTcs mexay Tutynamu (3aronosok, PO aBTOpoB M Ap.) U KMKOYEBLIMU
crnosamu, 3a KOTOpbIMW criedyeT TekcT cratbu. Ecnn pabota HanucaHa Ha cepbckom
(pycckom, HemeLKOM unu dpaHLy3CcKoM) A3blke, KenaTefibHO, YToObl KpoMe CloXeTa Ha
cepbckom (pycckoM, HeMeukoM unu dpaHuysckom) Obin MpefocTaBneH U CloXeT B
pacluMpeHHOM BMAe Ha aHrMUACKOM S3blke — B KayecTBe T.H. pestoMe (summary). Takown
pe3toMe JOIKEeH HaxogomuTbCA B KOHUeE cTaTebW, nocrie pasgena JlutepaTypa. BaxHo,
4YTOGbLI pestomMe ObINo B CTPYKTYPUPOBaHHOM BUAE, U €ro AnnHa MOXeT coctasnate Ao 1/10
OMVHbl cTaTbn (OHO Goree OOLIMPHO, Yem CHOXKET M3 Hayana crartbu). Havanom gaHHoro
pestoMe MoxeT OblTb NepeBefeHHbIN CIXeT (M3 Hayana cTaTbu), @ 3aTtem [AOSIKHbI
crnefosaTb NepeBefeHHbIe rfaBHble 3arofioBKY, MOA3ArofioBKA M OCHOBbI 3aKMOYEHNS
cTaTbu (MUTepaTypa He nepeBoanTCs). B CTPyKTypMpoBaHHOM pestoMe HY>XHO nepeBecTy
YacTb TeKcTa NoA 3aroflIoBKOM U 3arofloBKOM, MPUHMMAasi BO BHMMaHWe, YTobbl oHa bbina
nponopLm1oHanbHa ux pasmepy ¥ B TO e BpeMsi oTpaxarna CyTb.
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KnioyeBble cnoBa

KnioyeBbiMM  crioBamMu  SIBASIOTCSE  TEPMUHbI WM dpasbl,  afAeKBaTHO
npeacTaensowmne cogepkaHne cratbu, Heobxognmoe ONnsi MHAEKCMPOBaHMS U Moucka.
Wx Hapgo npucyxgaTtb, onupasicb NpyM 3TOM Ha KakoW-TO MeXAyHapOoAHbIA WUCTOYHWK
(pernctp, cnoBapb, Te3aypyc), Hawbornee npuemnembli BHYTPW [AHHOW Hay4HON
obnacTtn. Ymcno knoyveBbIX CNOB He MOXeT npesbiwaTtb 10, a B MHTepecax peaakummn u
aBToOpoB, 4TOObI MX 4acToTa Gbina kak MoxHO 6Gonblue. Knioyesble crioBa AaloTcs Ha
A3blke, HAa KOTOPOM HamnucaHa CTaTbsl (CHOXET), M Ha aHImuiickoM sA3blke. B ctatbe OHU
NULLYTCS HEMOCPEACTBEHHO NOCIIE CIOXeTa, T.€. Nocne pestome.

Mporpamma ASSESTANT npenoctaBnsieT BO3MOXHOCTb MCMOMb30BaHNUSI cepBuca
KWASS: aBTOomMaTMyeckoe OUKCMpPOBaHME KIOYEBLIX CIOB M3 UCTOYHUKOB/CNOBApeE Mo
BbIGOPY, T.€., KOTOPbIE aBTOP/PEeAaKTOp BOCMPUHUMAET UMK HET.

[Jata nony4eHunsa ctaTtbu

[ata, korga pefakuusa nornyyuna craTtbio, daTta, Korga pefakums OKoHYaTerlbHO
NnpuHANa cTtaTtbto And 0I'Iy6J'IVIKOBaHVIF|, a Takxke gaTbl, KOrga 3a UCTeKWMn nepmog Obinn
npenocTaBneHbl 3BeHTyalbHble WCnpaBfieHNUA PYKONUCK, NPUBOOATCA B XPOHOMOrM4eckom
nopsake, Ha NOCToOAHHOM MeCTe, KaK npaBuiio, B KOHUE CTaTbW.

BbipaxeHue 6narogapHocTH

HavmeHoBaHMe M HOMep NpoekTa, T.e. Ha3BaHWe MporpaMmbl, B KOTOPOW CTaTbsl
BO3HMKNA, KaK U HaMMEHOBaHWE YYpEeXOeHWsl, KoTopoe (hMHAHCUPOBANoO MPOEKT WU
nporpamMmy, NPUBOASITCS B OTAENbHOM NPUMEYaHWUN Ha MOCTOSIHHOM MECTE, Kak NpaBuno,
BHW3Y NEPBON CTPaHWLbI CTaTbW.

Mpeabiaywme Bepcumn paboTnbl

B cnyyae ecnu ctatbsi B npegpiayLlen Bepcumn Gbina n3noxeHa B yCTHOM obpalleHnm
(non, oAnHaKOBbLIM MMM MOXOXMM Ha3BaHWEM), cBegeHne 06 3TOM JOIMKHO ObiTh yKasaHo
B OTAENbHOM MpMMEYaHuKn, Kak npaBuio, BHU3Y MNEPBOW CTpaHuubl cTaTbu. Pabota,
KOTOpas yXe onyonvMkoBaHa B HEKOTOPOM M3 XXypHAIoB, HE MOXET ObITb onybnvkoBaHa B
BoeHHO-TEXHMYECKOM BeCTHMKa (MepeneyartaHa), HW Mof MOXOXMM Ha3BaHWEM, HU
M3MEHEHHOM BUAE.

TabnuyHoe u rpacdmuyeckoe npepcTaBneHme

XKenatenbHo, 4TOObI Ha3BaHUs Bcex MpeacTaBneHWn (MO BO3MOXHOCTM U
TeKCTyanbHoe cogepxaHue) 6binm npedcTaBneHbl Ha ABYX A3blkax (Ha A3blke paboTbl n
Ha aHrnuiickom). Tabnuubl NULYTCA TakUM >Xe CrocoboM Kak u TekcT n obo3HavarTcs
NopsiAKOBLIMM HOMEPaMU C BepXHeW CTOPOHbl. doTorpadun U pUCYHKM AOIMKHbI BbiTb
MOHATHbLI, HArmMSAAHbLI U yaobHbIe Ans penpodykumn. PUCYHKM Hago AenaTb B NporpaMMax
Word unu corel. ®otorpadun n pucyHkn Hago NocTaBuUTb Ha Xernaemoe MecTo B TEKCTE.

[na cospaHua um3obpaxeHu n rpadmkoB KCMNOMNb3OBaHME YHKUMM CHUMKa C
3KpaHa (CKpuHLWoOoTa) He Jonyckaetcd. B camom TekcTe cTaTbM peKkoOMeHOyeTcs
npumMeHeHne wnsobpaxeHun n rpadmkoB, 06paboTaHHbLIX TakUMW Mporpammamu, Kak:
Excel, Matlab, Origin, SigmaPlot n np.

CcbInku (UMTUpPOBaHME) B TEKCTE

OdopmrieHVe CCbITOK Ha UCTOMHMKM B pamkax cTaTbM [OOMKHO ObITb
0AHOO0OpasHbLIM.

BoeHHO-TexHU4YeCkun BECTHUK AN OPOPMITEHUsT CCbINIOK, LUTaT U CnmMcKka UCnon-
b30BaHHOW nMTepaTypbl MNonb3yeTcsa rapBapackon cuctemon (Harvard Referencing
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System, Harvard Style Manual). B TekcTe B ckobkax npMBoAMTCS haMmmnms LMTMpyemoro
aBTopa (Unu damunusa NepBoOro aBTopa, €CriM aBTOPOB HECKOSbKO), rod M3gaHus u no
HeobxoaMmmocTn Homep cTpaHuubl. Hanpumep: (MetpoBudy, 2010., nn. 10-20).
PekomeHgaumm o cnocobe UMTUPOBaHUS pasMelleHbl Ha cTpaHuue canta «MHCTpyKumnst
no ucrnonb3oBaHuio apBapackoro ctunsi». MNpu oopMMIeHNM CCbINoK, LMTaT U crucka
MCMOMb30BaHHON NUTEpaTypbl HEOOXOAMMO NPUAEPXKUBATLCS YCTAHOBMEHHbLIX HOPM.

Mporpamma ASEESTANT npegoctaBnsieT npM  UATMPOBAHUM  BO3MOXHOCTb
ucrnonb3oBaHus cepsuca CiteMatcher: cukcupoBaHue nponyLleHHbIX umTaT B paboTte u
crnvcke nuTepaTtypsbl.

MpumMeyaHna (CHOCKM)

[MpumevaHns ykasblBalOTCA BHU3Y CTPaHWLbl, Ha KOTOPOW HAaXOOUTCA TEKCT, K
KOTOPbIM OHM OTHOCATCA. MOryT cogepaTb MeHee BaXHble AeTanu, OOMOSfHUTENbHbIE
00bsACHEHUS, YKa3aHuA 00 MCnonb30BaHHbLIX MCTOYHMKAX (Hanp. Hay4YHOM MaTtepuane,
Cl'lpaBO‘-lHVIKaX), HO HE MOoryT ObITb 3amMeHon Ans LMTUPOBAHHOMN nntepartypbl.

INucT pechepeHumin (nurTepaTypa)

LinTvpoBaHHOW nuTepaTypon oOXBayeHbl, kak npasuno, 6ubnuorpaduyeckme
WCTOYHMKM (CTaTbW, MOHOrpachum ¥ T.N.) U OHA NPEeaCTaBMsSETCA MWCKIIOYUTENBHO B
OTAenLHOM pasfene craTbu, B Buae nucta pedepeHumi. PedepeHuun He nepesBoasTcs
Ha A3bIK paboThbl.

BoeHHO-TeXHUYeCKWI BECTHUK Ansi ohopMIIEHNs ClUcKa UCMONb30BaHHOW NuTepaTypel
npumeHseT rapsapgckyto cuctemy (Harvard Style Manual). B cnucke nutepatypbl
WCTOYHVKM JatoTcs B andaBUTHOM Mopsiake aBTOPOB UMM pefakTopoB. PekomeHdaumm o
cnocobe LMTMPOBaHUSI pasmelleHbl Ha CTpaHuue camTta «VHCTpyKUMs Mo MCMoMb30BaHMIo
apBapgackoro ctunsy. MNpu ochopmeHnn cnmcka UCronb3oBaHHOW NuTepaTypbl HEO6X0AMMO
npuaepXmBaTbCsl yCTaHOBMEHHbBIX HOPM.

Mporpamma ASEESTANT npu odopmneHun crnucka nutepaTtypbl npefocTaBnsier
BO3MOXHOCTb Mcnonb3oBaHusa cepeuca RefFormatter: koHTponb odhopmnenns cnucka
nMTepaTypbl B COOTBETCTBMM CO CTaHAapTamu FapBapAckoro ctuns.

HectaHpgapTHoe, HemonHoe W HemnocrnefoBaTeflbHOE MpUBEAeHVe nuTepaTtypbl B
cucTeMax OLEHKM XKypHana cyMTaeTcs [AOCTaTOYHOW MPUYMHOM AN ocrnapuBaHust
Hay4Horo craTtyca XypHana.

Bce paﬁOTbl noanexart cneu. peueH3InpoBaHUIo.

Cnncok peLeH3eHTOB BOEHHO-TEXHMYECKOro BECTHMKA MOXHO MOCMOTPEeTb Ha
cTpaHuue canta Cnucok peLeH3eHToB. [pouecc peueH3npoBaHMsa ONncaH Ha CcTpaHuue
canTta NpaBuna peLeH3npoBaHus.

MouToBbIM agpec pepakuun:
«BOjHOTEXHMYKM FNacHUKy,

11000 Beorpap, yn. bpahe Jyrosuha 19,
e-mail: vojnotehnicki.glasnik@mod.gov.rs.

PEOAKTOP
Kangnpat TexHndeckunx Hayk Heboliwa Navella
nebojsa.gacesa@mod.gov.rs
http://orcid.org/0000-0003-3217-6513
Ten: +381 11 3241 311,
+381 64 8080 118
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CALL FOR PAPERS AND ARTICLE FORMATTING INSTRUCTIONS

The instructions to authors about the article preparation for publication in the
Military Technical Courier are based on the Act on scientific journal editing of the Ministry
of Science and Technological Development of the Republic of Serbia, No 110-00-
17/2009-01 of 9™ July 2009. This Act aims at improving the quality of national journals
and raising the level of their compliance with the international system of scientific
information exchange. It is based on international standards 1SO 4, ISO 8, ISO 18, ISO
215, ISO 214, ISO 18, ISO 690, ISO 690-2, ISO 999 and ISO 5122 and their national
equivalents.

The Military Technical Courier / Vojnotehnicki glasnik (www.vtg.mod.gov.rsfindex-e.html,
BTr.mo.ynp.cp6, ISSN 0042-8469 - print issue, e-ISSN 2217-4753 — online, UDC
623+355/359) is a multidisciplinary scientific journal of the Ministry of Defence of the
Republic of Serbia. It publishes scientific and professional papers as well as technical
dataon modern weapon systems and military technologies. The journal covers
inter-service technical support to the Army on the principle of logistic system support;
fundamental, applied and development research; production and use of weapons and
military equipment as well as other theoretical and practical achievements leading to
professional development of all members of Serbian, regional and international academic
communities, members of the Ministry of Defence and the Army of Serbia in particular.

Pursuant to the decision given in Article 27, paragraph 1, point 4, and in accordance
with the acquired opinion given in Article 25, paragraph 1, point 5 of the Act on Scientific
and Research Activities (Official Gazette of the Republic of Serbia, No 110/05, 50/06-cor
and 18/10), the Ministry of Education, Science and Technological Development of the
Republic of Serbia classified the Military Technlcal Courier for the year 2014

in the field technological development:

- on the list of periodicals for materials and chemical technology,

category: leading scientific periodical of national interest (M51),

- on the list of periodicals for electronics, telecommunications and IT,

category: scientific periodical of national interest (M52),

—on the list of periodicals for mechanical engineering,

category: scientific periodical of national interest (M52),

in the field fundamental research:

— on the list of periodicals for mathematics, computer sciences and mechanics,

category: scientific periodical of national interest (M52).

The approved lists of national periodicals for the year 2014 can be viewed on the
website of the Military Technical Courier, page Journal categorization (The Ministry of
Education, Science and Technological Development of the Republic of Serbia has not yet
published the official evaluation of scientific journals for 2015 and 2016.).

More detailed information can be found on the website of the Ministry of Education,
Science and Technological Development of the Republic of Serbia.

The information on the categorization can be also found on the website of KOBSON
(Consortium of Libraries of Serbia for Unified Acquisition).

The periodical is categorized in compliance with the Regulations on the procedure
and method of evaluation and quantitative formulation of scientific and research results of
researchers, stipulated by the National Council for Scientific and Technological
Development (Official Gazette of RS, No 38/2008). More detailed information can be
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found on the website of the Ministry of Education, Science and Technological
Development.

In accordance with the Regulations and the table about types and quantification of
individual scientific and research results (as a part of the Regulations), a paper published
in the Military Technical Courier scores 2 (two) points (category M51) and 1,5 (one and a
half) point (category M52).

The journal is in the Serbian Citation Index — SC index (data base of national
scientific journals), in the Russian Science Citation Index (RSCI)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
ASEESTANT, 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 ASEESTANT or the page
SCINDEKS or directly through the link (aseestant.ceon.rs/index.php/vtg).

The detailed instructions about the registration for the service are on the website
http://www.vtg.mod.gov.rs/index-e.html, on the page Instructions for e-Ur: Electronic
Editing - ASEESTANT.

All authors submitting a manuscript for publishing in the Military Technical Courier
should register for an ORCID ID following the instructions on the web page Registration
for an ORCID identifier.

The Military Technical Courier publishes articles in Serbian, English, Russian,
German or French, using Arial and a font size of 11pt with Single Spacing.

The procedures of article preparation, writing and editing should be in accordance
with the Publication ethics statement (http://www.vtg.mod.gov.rs/publication-ethics-
statement.html).

The article should contain the abstract with keywords, introduction, body,
conclusion, references and the summary in English language (without heading and
subheading enumeration). The article length should not exceed 24 pages of A4 paper
format.

The article should be formatted following the instructions in the Article Form which
can be downloaded from website page Article form.

Title

The title should be informative. It is in both Journal’'s and author’s best interest to
use terms suitable for indexing and word search. If there are no such terms in the title, the
author is strongly advised to add a subtitle. The title should be given in English as well.

The titles precede the abstract and the summary in an appropriate language.

Letterhead title

The letterhead title is given at a top of each page for easier identification of article
copies in an electronic form in particular. It contains the author’'s surname and first name
initial (for multiple authors add “et al”), article title, journal title and collation (year, volume,
issue, first and last page). The journal and article titles can be given in a shortened form.
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Author’s name

Full name(s) of author(s) should be used. It is advisable to give the middle initial.
Names are given in their original form (with diacritic signs if in Serbian).

Author’s affiliation

The full official name and seat of the author’s affiliation is given, possibly with the
name of the institution where the research was carried out. For organizations with
complex structures, give the whole hierarchy (for example, University of Defence in
Belgrade, Military Academy, Department for Military Electronic Systems). At least one
organization in the hierarchy must be a legal entity. When some of multiple authors have
the same affiliation, it must be clearly stated, by special signs or in other way, which
department exactly they are affiliated with. The affiliation follows the author's name. The
function and title are not given.

Contact details

The postal addresses or the e-mail addresses of the authors are given in the first page.

Type of articles

Classification of articles is a duty of the editorial staff and is of special importance.
Referees and the members of the editorial staff, or section editors, can propose a
category, but the editor-in-chief has the sole responsibility for their classification.

Journal articles are classified as follows:
Scientific articles:

1. Original scientific paper (giving the previously unpublished results of the author’s
own research based on scientific methods);

2. Survey paper (giving an original, detailed and critical view of a research problem
or an area to which the author has made a contribution visible through his self-citation);

3. Short or preliminary communication (original scientific paper of full format but of a
smaller extent or of a preliminary character);

4. Scientific critique or forum (discussion on a particular scientific topic, based
exclusively on scientific argumentation) and commentaries.

Exceptionally, in particular areas, a scientific paper in the Journal can be in a form of a
monograph or a critical edition of scientific data (historical, archival, lexicographic, bibliographic,
data survey, etc.) which were unknown or hardly accessible for scientific research.

Papers classified as scientific must have at least two positive reviews.

If the journal contains non-scientific contributions as well, the section with scientific
papers should be clearly denoted in the first part of the Journal.
Professional articles:

1. Professional paper (contribution offering experience useful for improvement of
professional practice but not necessarily based on scientific methods);

2. Informative contribution (editorial, commentary, etc.);

3. Review (of a book, software, case study, scientific event, etc.)

Language

The article can be in Serbian, English or other language used in international
communication in a particular scientific field (Russian, German or French).

The grammar and style of the article should be of good quality. The systematized
text should be without abbreviations (except standard ones). All measurements must be
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in S| units. The sequence of formulae is denoted in Arabic numerals in parentheses on
the right-hand side.

Abstract and summary

An abstract is a concise informative presentation of the article content for fast and
accurate evaluation of its relevance. It is both in the Editorial Office’s and the author’s
best interest for an abstract to contain terms often used for indexing and article search.
The abstract describes the purpose of the study and the methods, outlines the findings
and state the conclusions. A 100- to 250- word abstract should be placed between the
titte and the keywords with the body text to follow. Besides an abstract in Serbian
(Russian, German or French), articles in Serbian (Russian, German or French) are
advised to have a summary in English, at the end of the article, after the Reference list.
The summary should be structured and long up to 1/10 of the article length (it is more
extensive than the abstract). It can start with the translated Serbian (Russian, German or
French) abstract from the beginning of the article with translated main headings,
subheadings and major conclusions to follow (Reference list is not translated). The
structured summary should also contain the proportional informative parts of the text
below the headings and subheadings.

Keywords

Keywords are terms or phrases showing adequately the article content for indexing
and search purposes. They should be allocated heaving in mind widely accepted
international sources (index, dictionary or thesaurus), such as the Web of Science
keyword list for science in general. The higher their usage frequency is, the better. Up to
10 keywords immediately follow the abstract and the summary, in respective languages.

For this purpose, the ASEESTANT system uses a special tool KWASS for the
automatic extraction of key words from disciplinary thesauruses/dictionaries by choice
and the routine for their selection, i.e. acceptance or rejection by author and/or editor.

Article acceptance date

The date of the reception of the article, the dates of submitted corrections in the
manuscript (optional) and the date when the Editorial Board accepted the article for
publication are all given in a chronological order at the end of the article.

Acknowledgements

The name and the number of the project or programme within which the article was
realised is given in a separate note at the bottom of the first page together with the name
of the institution which financially supported the project or programme.

Article preliminary version

If an article preliminary version has appeared previously at a meeting in a form of
an oral presentation (under the same or similar title), this should be stated in a separate
note at the bottom of the first page. An article published previously cannot be published in
the Military Technical Courier even under a similar title or in a changed form.

Tables and illustrations

All the captions should be in the original language as well as in English, together
with the texts in illustrations if possible. Tables are typed in the same style as the text and
are denoted by Arabic numerals at the top. Photographs and drawings, placed
appropriately in the text, should be clear, precise and suitable for reproduction. Drawings
should be created in Word or Corel.
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For figures and graphs, proper data plot is recommended i.e. using
a data analysis program such as Excel, Matlab, Origin, SigmaPlot, etc. It
is 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 ASESESTANT system uses a special tool
CiteWatcher 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
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